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FOREWORD

TheUkr ai ne 6s G (herenaftferoGQH&)aventeay KReporthereinafter National
Inventory ReportNIR) is submitted for consideration of the Secretariat 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 2Bwith a detailed descrip-
tion of the methods applied and findingssefentificresearchsof nationalcircumstancesThe Na-
tional Inventory Report was prepared in the framework of the natiomahtorysystem, which in-
cludes thecomplexof all the organizational, legadnd procedural mechanisms adopted by Ukraine
for estimating anthropogenic GHG emissions egmiovalsaimed to complywith the Modalities,
procedures and guidelines for the transparency framework for action and support referred to in Articl
13 of the Paris Agreement contained in the Annex to the Decision 18/CMA.1, and taking into accoun
the guidanceon the common reporting tables (hereinafter CRT) and outlines contained in Annex |
and Annex V respectively of the Decision 5/CMA.3.

The stateauthority responsible for preparation, approval, and submission of the National
Inventory Report is the Ministrgpf EnvironmentalProtectionand Natural Resources Ukraine
(hereinafter MEPR).

Ministry of Environmental Protection and Natural Resourcesof Ukraine
35 Vasyla Lypkivskogo str., Kyiv
Phone : +38 (044) 2083-02
Fax : +38 (044) 2081-39
E-mail : zaput@mepr.gov.ua

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

We thank everyone who was involvedgreparingof this report for their contribution and
support. The list of authors can be founimapterl4 of this report.


mailto:zaput@mepr.gov.ua
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EXECUT ISUMMARY

ES.1 Background information on greenhouse gas inventories

Verkhovna Rada (Parliament) of Ukraine hasfied the United Nations Framework Con-
vention on Climate Change (UNFCCC) on October 29, 1996. Ukraine became a Party to the UN.
FCCC on August 11, 1997. In accordance with Articles 4 and 12 of the UNFCCC, Ukraine as a Part)
to the UNFCCC have the commitrite to develop, periodically update, publish, and submit to the
UNFCCC Secretariat national inventories of anthropogenic emissions by sources and removals b
sink of all GHGs not regulated under Montreal Protocol.

This report is part of the Ukraineds Gr ece
of national GHG emissions and removals in the period of-P823 and describes the methods used
to perform 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 mentioned above, is assignedvi&Nie.

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 as followingprecursor gases:

1 carbon monoxide (CO);

1 nitrogen oxides (NQ;

1 nortmethane volatil®rganic compounds (NMVOCSs)

1 sulfur dioxide (SQ).

Chapter 1 provides background information on climate change and general information on
GHG inventories. This chapte@rovides a brief description of the basic principles and methods of
GHG emission and removal estimations, description of key quality assurance and quality control cat
egories and procedures (QA/QC). The final part of this chapter is focused on assestraavarall
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 specific sectors and categories of GHG sources and sinks. Thes
chapters describe methods that were used to estimate GHG emissions and removals, sources of
tivity data and emission factors, QA/QC procedures applied, emissionutat@ins conducted, and
planned 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 above, the NIR cagiggitannexes 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; comparison of emission
in case of the reference and seat approaches and analysis of any discrepancies arising; assessment
of completeness and uncertainty of the inventooyisideration of recommendations and encourage-
ments, gaineddm ERT during the process of annual inventory review
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ES.2 Summary on national trends of emissions and removals

Since 2014 until early 2022 slightly ove®4 of the territory of Ukraine temporarily re-
mained out of control of the Government of Ukraias a result of the occupation and attempted
annexation of Crimea and armignyasionby the Russian Federation. The temporary occupation by
the Russian Federation territory of Ukraine is steadfastly condemned by international community.
territorial changes by force are not recognized, sanctions remain in place till full compliance of the
RF with international law. In particular, the UN General Assembly resolution 68/262 of March 27,
2014 c¢Territorial Il ntegrity of Ukraineée conf
and the absence of any legal basis to change the stahes Afitonomous Republic of Crimea and
the city of Sevastopol. The same stance was confirmed by the UN General Assembly resolutiol
71/ 205 fASituation of human rights in the Aut
(Ukrai ne) o o 016,wkich emarbbgyuously fefine®Russia as an occupying power. Be-
sides that, numerous documents in support of
recognized borders were approved by the Committee of Ministers of the Council of ,Beadze
mentary Assembly of the Council of Europe, OSCE Parliamentary Assembly and other internationa
organizations.

Moreover,full-scale invasion of Ukrainky the Russian Federationcreased this share up
to around 20 %. Although the Government of Ukraine gained back the control of around 8 % of its
territory, this caused a huge impact in every sphere.

The collection of official statistics and other data is not an exclusion. In many places offices
and archives were physically destroyed. In other cases, the data is absent due to lack of activity ¢
because it was not possible to collect it. Moreovertlew o f UZXLi5dX as & 3.03.2022
AOn the Protection of the Interests of Entit
Period of Mar t i al ?ektablished the oaligaBan aftreportiogf of fitanciaband
other data no later than 3 months after the end of martial law. Before that the entities cannot be pro
ecuted for breaching the obligation to report on data. This includes the data used in thev@HG i
tory.

In order to fulfill thecompleteness principle, the GHG inventory team used splicing tech-
niques to derive data for entire territory of Ukraine. This includes extrapolation, substitution and other
methods, recommended by Chapter 5 Volume 1 of 2006 IPCC.

GHG emissions and removals trends in 2@R23obviouslywereimpacted by théull-scale
invasion of UkraineMany industries and activities were disrupted by the warfare leading to decrease
of GHG emissions related to these activities. Moreover, in the end of&@Rih 2023Russian
Federation started targeted attacks on the energy production facilities leading to even stronger d
crease of GHG emission trend from Energy sector.

The largest share of GHG emissions in the base year is carbon diokld&% with LU-

LUCF. Methane emissions in 1990 wet8%, and those of nitrous oxides.3 %. In 2023 carbon
dioxide remained the largest emitted gd&&/.7 % of all GHG emissions, with83 % and 128 % of
methane and nitrous oxide respectively.

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

CO; emissions in 1990 amounted36841 Mt and decreased as of ZDBy 806 %, to the level of
128.00 Mt (Table ES.2.1). The economic decline that followed the collapse of the 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 this 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 grovtt in the trading, services, and the financial sector compared to industrial pro-
duction, which made a significant contribution to GDP growth in this period. The second important

1On 18 January 2018, the Parliament of Ukraine adopt
Ukrainebs State sovereignty over temporarily occupi ec
legal status of certain eas of the Donetsk and Luhansk regions as temporarily occupied territories of Ukraine

2 https://zakon.rada.gov.ua/laws/show/2 (B Text
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factor that had a significant impact on £€nission trends in this period was modernization of pro-
ducti on, which made possible to reduemssionsnier g
i.e. carborintensity of major commodity group production.

CO; emission trend in 2008021 was determined by the influence of the global financial
and economic crisis in 206809 and a temporary occupation by the Russian Federation part of
territory of Ukraine in 2014, which largely determined commodity produchdhe major expost
oriented industries (metallurgy, chemical, mechanical engineering, etc.), which in turn affect supply
sectors- electric power generation, mining (ore and coal mirfinBecover of economy after strict
ant-rCOVID-19 measures in 2020 resulted in increase of GHG emissions in all sectors, except Waste

Totals of CQ in 20152021 are presenting the results of number of factors, connected with
overall economy growth of Ukraine, structure and amounts of fuels used in Energy and industry
products outputs.

Moreover, during the entire time series since 1990 to 2013 GHG removals were decreasing
in LULUCF and in 20132016, 2018019 the sector became a net source, what was connected mainly
with national practices of cropland and grassland management, as foedsisy.

Table ES.2.1 contains data on direct action GHG emissions expressed in the carbon dioxid

equivalent.

0On 18 January 2018, the Parliament of Ukraine adopt
Ukrainebs State sovereignty over temporarily occupi ec
legal status of certain eas of the Donetsk and Luhansk regions as temporarily occupied territories of Ukraine

11
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Table ES.2.1. GHG emissions, Mt &€x.

Current year

Gas 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | compared to
base year, %

ESEL(B‘E)'“"'”Q 706.5 | 390.2 | 285.7 | 313.5| 294.4 | 223.8| 234.1 | 223.3| 231.9 | 222.2 | 207.1 | 210.6 | 143.0 | 139.3 -80.3
CHa 209.3 | 1595 | 1356 | 117.8| 97.7 | 71.6 | 77.0 | 745 | 787 | 816 | 83.6 | 83.0 | 669 | 62.8 70.0
N2O 485 | 290 | 206 | 224 | 246 | 286 | 31.3 | 30.1 | 330 | 348 | 331 | 37.7 | 270 | 285 414
HFCs* NO | NO | 144 | 271.9]| 715.3| 826.3 | 943.7 | 1076.5| 1483.2| 1849.2| 2000.4| 2245.1| 2329.8| 24231 100
PFCs*** 212.0| 160.1| 104.0| 1280| 240 | NO | NO | NO | NO | NO | NO | NO | NO | NO -100
SFe* 00 | 01 | 04 | 46 | 100 | 202 | 251 | 294 | 345 | 400 | 446 | 503 | 542 | 57.2 7272295
NF3* NO | NO | NO | NO | NO | NO | NO | NO | NO | NO | NO | NO | NO | NO :
TUeC}: 2o LU- | 09| 463 | 336 | -185| 212| 39 | 59 | 27 | 69 | 49 | -161| 56 | -159 | -11.3 764
ESLZSECI’:';JO"”Q 658.4 | 343.9| 252.0 | 295.0 | 273.2 | 227.8| 240.0 | 2206 | 238.8 | 227.1 | 191.0 | 205.0 | 127.2 | 128.0 -80.6
Iﬁtf‘bg"é;:'“d'“g 964.4 | 579.4 | 441.7 | 453.9 | 417.2 | 324.8| 3433 | 328.8 | 3450 | 3403 | 325.2 | 3335 | 239.2 | 232.9 -75.9
Iatf‘b(c'rl‘:‘;'“d'”g 916.5 | 533.4 | 408.3 | 435.7 | 396.2 | 328.9 | 349.3 | 326.3 | 352.1 | 3454 | 300.7 | 328.1 | 2235 | 221.7 -75.8
Total (excluding
LULUCF), includ- | 964.4 | 579.4 | 441.7 | 453.9 | 417.2 | 324.8 | 343.3 | 328.8 | 345.0 | 340.3 | 325.2 | 333.5 | 239.2 | 232.9 -75.9

ing indirect CO2>

Total (including
LULUCF), includ- | 916.5 | 533.4 | 408.3 | 435.7 | 396.2 | 328.9 | 349.3 | 326.3 | 352.1 | 345.4 | 309.7 | 328.1 | 223.5 | 221.7 -75.8
ing indirect CO2>

*emissions quoted in kt C£eq.
** there are no PFC emissions, as cooling agents containing the gas were not importee2022011
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ES.3 Overview of source and sink categorgmission 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 GHG emissions in Ukraine take place in the Energy sector 3nta®2hare of
this sector accounted for aroundi% without the LULUCF sector. Aboud®%6 of emissions in this
sector account for emissions in the Fuel Combustion category, which include the categories of Energ
Industries, Manufacturing Industries and Construction, Transport, Other Sectors, and Other, as we
as £ %1 emissionsn the category of Fugitive Emissions from Fuels.

It should be noted that the share of GHG emissions in the category of Fugitive Emissions
from Fuels in total GHG emissions in the Energy sector gradually increased in the period-of 1990
2000: from19.2 % in 1990 ta30.1 % in 2000. This period is characterized by aging of the infrastruc-
ture and industrial capital of the country. Since 2001, the proportion of emissions associated witt
fugitive fuels was gradually decreasing. It is connected to the decrease of extrafdgsil dfiels in
Ukraine, decrease trfansit of natural gas as well as decrease of use of natural gas by population due
to increase of the prices.

Global pandemic of COVIEL9 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.

In 20222023 energy industry facilities were heavily attacked by Russian Federation. That
caused even stronger decline in GHG emissions in the sector.

The GHG emission structufevithout LULUCF)is shown in Figure ES.3.1.

Energy industries
42%

Manufacturing
industries and

Agriculture construction

14%

Industrial Processes and Other sectors
Prod;(;ot Use Other - 13% _
1% ugitive emissions from
solid fuels
5%
Fugitive emissions from
oil and natural gas
19%

Fig. ES.3.1. The GHG emission structure by sources i8 202

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

13
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2000 and 2007, there was some stabilization with a slight increase in production, and in the perio
since 2008, due to the global financial and economic crisis, there was a drop in production and, thu
in COz emissions. In 2022 emissions in the IPPU sector decreasetiZdp&ompared to the base
year. The key reasons for the reduction of emissions are the decreased production level due to t
outflow of investment capital, unstable export dynangostraction of the domestic market, as well

as the discrepancies in established "raw matpr@ductionsales” 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 Donetsk and Lugansk regions. For
neighboring regions, which had strong productates connections with temporarily occupied in-
dustrial parts of Donetsk and Lugansk regions, it is challenging to cwateethose losses by other
supply chains.

As for 203 thefull-scale invasion of Ukraingy the Russian Federatited to a deep crisis
in the productional industries, both at the level of producers and consumers, who either completel
stopped production/consumption or significantly reduced it, which impacted to a sharp decline of
emissions compared pye-invasion timesas well for base year.

The share of the Agriculture sector in total GHG emissions without LULUCF w284l
2023. The major sources of emissions in the Agricultural sector are enteric fermentation and agricul
tural soils, 20.36 and 71.4% of the total emissions in the sector in 2023, respectively. Emissions in
this sector decreased by 63@2compared to the base year, and increased B tdmpared to the
previous year mainly due to the fluctuation of agricultural activities (livestock, harvested area, applied
fertilizers etc) that associated with economic and political factors during the reporting period, and
full-scale invasion of Ukrainiey Russian Federation

Changes in emissions over the reporting period in category 3.A Enteric Fermen&in (
and-6.11% to base and previous years respectivislygssociated with the change in the livestock
number.

The significant rate of methane emissions fluctuation in the category 3.B Manure Manage-
ment in comparison with emissions in the other categories in the period Q2@ directly
related to partial replacement in the structure of manure distributicattle breeding enterprises of
liquid slurry MMS with solid storage: in 1990 the percentage of cattle mandiguid slurry
amounted to 21.% of the total produced manure, whilein 302 t o o mBl1%. about

The conditions that arose as a resufutifscale invasion of Ukrainigy Russian Federation
are extremely unfavorable for sustainable rice cultivationMe t hane e mi sncategoryd s f
3.C Rice Cultivationcausedby a harvested area variatiolm 2023 these values hadecreased
sharplyfrom 27.7 kha in 199@o 5.7kha.

The anount of applied fertilizers,number of harvestingreaunder the cropand their
productivityare the key factors thdetermine fluctuationsf nitrous oxide emissions in category 3.D
Agricultural Soils Full-scale invasion of Ukrainegy Russian Federatided to a significant reduction
in the area where field crops were growherefore, in 202, there is a reduction iN2O emissions
by 30.426 compared to the base yeardslight increasg by 3.886 compared to the previous year

The LULUCF sector includes both emissions and removals of carbon dioxide, as well as
emissions of Ckj and NO. The LULUCF sector in 2(&s a net sink. Net C&¥emovals in the sector
in 20233 is equal to 1.2 Mt CO»-eq. and in the base 1990 yéa479 Mt CO.-eq. The main reason
for such shift is change in agriculture management system on croplands, what has resulted in chan
from 203 Mt CO»-eq. of removals in 1990 4.6 Mt CO»-eq. of emissions in 2@2 Particularly,
significant influence has the areggld, and structure of harvested crops from those lands, as well
as fertilizers applied.

Also, big influence has decrease in peat extraction areas and volumes, what caused decree
in GHG emissions from 12.3 Mt G&&q. in 1990 to @ Mt CO»-eq. in 203.

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 in total emissions4i8%6.The main source of GH
emissions is landfills of municipal solid waste (MSW), and that of emissiong®if Numan sewage.

In relation to the base year, emissions in the sector decreas2d By ih 203.
Fig. ES.3.2 presents emissions as positive values and removals as negative.

14
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Fig. ES.3.2. Total GHG emissions (+) and removgls/ith 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
2023.
TableES.3.1. Trends in aggregate direct action GHG emissions by sector, MtogCO
Current
year com-
Sector 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 pared to
base year,
%
Energy 7401 | 4425 | 3217 | 3238 | 2935 | 2154 | 2136 | 2154 | 1704 | 164.0 -77.8
IPPU 1177 | 579 | 672 | 809 | 757 | 571 57.5 60.3 216 211 -82.1
Agriculture 896 | 626 | 368 | 327 | 315 | 36.2 37.7 41.7 325 33.0 -63.2
LULUCF (re- | 479 | 460 | 334 | 182 | 210 | 41 | 455 | 54 | 157 | -112 767
movals)
Waste 16.9 16.3 15.9 165 | 165 | 161 16.4 16.1 14.8 14.8 -12.5
Total (in-
cluding LU- | 9165 | 533.4 | 408.3 | 4357 | 396.2 | 3289 | 309.7 | 3281 | 2235 | 2217 -75.8
LUCF)
Total (ex-
cluding LU- | 964.4 | 579.4 | 4417 | 4539 | 4172 | 3248 | 3252 | 3335 | 2392 | 2329 -75.9
LUCF)
Total (in-
cluding LU-
LUCF), in- 916.5 | 533.4 | 4083 | 4357 | 3962 | 328.9 | 309.7 | 3281 | 2235 | 2217 -75.8
cluding indi-
rect COz
Total (ex-
cluding LU-
LUCF), in- 964.4 | 579.4 | 4417 | 4539 | 4172 | 324.8 | 3252 | 3335 | 2392 | 2329 -75.9
cluding indi-
rect COz

ES.4 Other Information

This section indicates sulfdroxide 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. Table ES.4.1 reflects trends in summary precursors emissions and sulfur dioxide fc

the period of 199Q023.
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Table ES.4.1. Summary information on precursors emissions, kt

Gas 1990 1995 2000 2005 2010 2015 | 2020 | 2021 | 2022 | 2023 Chf;;‘ge'
NO, 22489 | 1080.7 | 843.6 879.7 7545 | 5523 | 554.8 | 564.8 | 5005 | 500.3 77.8
co 43396 | 17201 | 12242 | 12966 | 11672 | 9447 | 9796 | 7735 | 7273 | 7129 -83.6
NMVOC 3539.0 | 2006.3 | 14919 | 15517 | 1210.6 | 8575 | 680.6 | 691.9 | 638.8 | 662.7 -81.3
e 15613 | 8215 719.6 799.8 8413 | 7437 | 6575 | 6635 | 493.1 | 456.7 70.7

Comparing with 1990, precursors and sulfur dioxide emissions in Ukraine decrea&ea@ by
83.6 %. The main source of emissions of these gases is the Energy sector.

Estimations of indirect PO were also conducted 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.
Table ES.4.2. Summary information on indirectZ&@d NO emissions, kt
Gas 1990 1995 2000 2005 2010 2015 2020 2021 2022 2023 Choa/:ge’
'C”gizre“ NO,NE | NO,NE | NO,NE | NO,NE | NO,NE | NONE | NO,NE | NO,NE | NO,NE | NO,NE
',\Tcgre‘:t 11.8 6.0 41 43 3.7 2.7 26 26 2.4 2.4 79.7
2!
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ABBREVI ATI ONS AND ACRONYMS

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

2013 Wetlands Supplement2013 Supplement to the 2006 Intergovernmental Panel on Climate
Change Guidelines for National Greenhouse Gas Inventories: Wetlands;

AC T aircraft;

AD T activity data;

AFBRT Average Fuel Brand Representative;

AMS T Automated Monitoring Systems;

A PiuAmerican Petroleum Institute;

AR T afforestation and reforestation;

ARR' report of the individual review of the annual submission of Ukraine;

Bl ¢NBudget Institution ¢National Center for
BOD Biochemical Oxygen Demand;

BOF1 Basic Oxygen Furnaces;

CET coal equivalent;

Cherkasky NIITEKHIMi Cherkasy Institute of Technical and Economic Information in the Chemi-
cal Industry;

CHP1 combined heat and power plants;

CKD 1 Cement Kiln Dust;

CMP1 Conference of Parties serving as the meeting of the Parties to the Kyoto Protocol;
CODi1 Chemical Oxygen Demand,

COPi Conference of Parties;

CRFi7 common reportindormat;

CRT1 common reporting tables;

CSi country specific;

CSCi Carbon stock change;

D i deforestation;

DC1 decreasing coefficients;

DDB i departure database;

DOM 1 dead organic matter;

EAF 1 Electric Arc Furnaces;

EFi emission factor;

ERT1 Expert Review Team,;

FAOT Food and Agriculture Organization of the United Nations;

FEBT fuel and energy balance;

FM i forest management;

FMRL i forest management reference level;

GDPi gross domestic product;

GDSi system of gas distribution;

GET gross energy;

GFFMi Gas fire fighting modules;

GHGT1 greenhouse gas;

GMS' gas metering stations;

GTSi gas transportation system;

GWP1 Global Warming Potential;
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HPT heating plants;

HWP1 harvested wood products;

IA T Inhalation anesthesia;

IAC 1 InterrAgency Commission of Climate Change and Ozone Layer Protection;
ICAO T International Civil Aviation Organization;

IE T Included elsewhere;

IEA T International Energy Agency;

IPPUT Industrial Processes and Product Use;

IST International Standards;

JI projects Joint Implementation projects;

KP Supplement 2013 Revised Supplementary Methods and Good Practice Guidance Arising from
the KP;

LKD - Lime dust correction factor;

LPGT Liquefied Petroleum Gas;

LULUCF 1 Land Use, Land Us€hange and Forestry;

MCF i Methane correction factor;

MCTDU 1 Ministry for Communities and Territories Development of Ukraine;
MDMex i amount of manure excreted by animals in dry matter;

MEEPTM* n' stry of Energy and Environment al Pr o
MENRT Ministry of Ecology and Natural Resources of Ukraine;

MEPRT Ministry of Environmental Protection and Natural Resources of Ukraine;
Minecoenergd Ministry of Energy and Environmental Protection of Ukraine;
MMS i manure management system;

MSW T municipal solid waste;

NA i Not applicable;

NAASU 1 National Academy of Agrarian Sciences of Ukraine;

NASU 1 National Academy of Sciences of Ukraine;

NCEA National Classification of Economic Activities;

NCV i Net Calorific Value;

NET Not estimated;

NG natural gas;

NID 7 NationallnventoryDocument;

NIR T National Inventory Report;

NJSC "Naftogazi National Jointstock company "Naftogaz";

NOT Not occurring;

ODU T Oxidised During Use;

OHFi Open Hearth Furnaces;

OPFI Onecomponent polyurethane foams;

PUFT Polyurethane foams;

PUL T limit of potential underestimation;

PV Photovoltaic cells;

QAT quality assurance;

QCi quality control;

RD1 revaluated data;

RPUFI Rigid polyurethane foams;

SACI air-conditioning systems;

SC "Ukrtransgazi State Company "Ukrtransgaz”;
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SE "DergavtotransNDIproect" State Enterprise "The State Road Transport Research Institute™

SE "UKrRTC "Energostall St at e Enterprise c¢Ukrainian Rese
l urgy I ndustry c¢Energostal e;

SECBi Scientific Engineering Centre ABiomasso I
SEIAT State Environmental Investment Agency;

SESUI The State Emergency Service of Ukraine;

SKD1 Semi Knocked Down;

SOCi soil organic carbon;

SOM?1 soil organic matter;

SSSUi The State Statistics Service of Ukraine;

TEAT type ofeconomic activity;

TFT-FPDi Flat panel displays on thin film transistors;

TPPT thermal power plants;

UGST underground gas storages;

Ukrderzhlisproeki Ukrainian State Project Forest Inventory Production Association;

URIFFM i Ukrainian Order "Sign of Honour" Research Institute of Forestry and Forest Melioration
named after G.M. Vysotsky;

USSRI Union of Soviet Socialist Republics;

VPPT1 vacuum pump plants;

WIP i waste incineration plant;

WWTPT Waste water treatment plant;

XPSi Extruded polystyrene foam
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11l NTRODUCTI ON

1.1 Background informati omnamnigrad en ftddu
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 amounts of heat and moisture
which createfavourablenatural and climatic conditions in its territory. However, those conditions
have been changing substantially throughout recent decades, bringing about serious threats and ch
|l enges for countryods sustainabl e althe Mesahdagtivae nt
ities, natural ecosystesnand economy sectors.

The main manifestations of regional climate changes in Ukraine withiglobal warming
processes include significant rise of air temperatures, changes of thermal regime and structure
precipitation, increased number of hazard meteorological phenomena and extreme weather even
which all resul t pulationlandyaieus ecénomy sectoraint r y6s po

Global warming during recent decades is unequivocal, and the first decade &ft¢hatRiy
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 years [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.1.1). The period of latd'2Bd early
215 century was possibly the warmest one for the duration of instrumental weather observations ir
Ukraine (since 18903, 8,13, 15, 17, 19]

Unfortunately, it is not possible to obtain reliable meteorological data for the whole territory
of Ukraine since 2014 after the occupation and attempted annexation of Crimea. Information on hy
drometeorological parameters from observation stations igarsnitted 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.
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Fig. 1.1. Anomalies of annual air temperature in Ukraine with respect to thelB®@lreference
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 & @Spectively, in 1992013
(Fig.1.2). Also, the air temperature rise was the highest in JanuafZ)2&8d July (1.4C). The
average temperature in spring increased byr8ostly due to temperature anomaly observed in
March. There was only a minor change of autumn temperatuf€j(3}.
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year in 19912013 with respect to the 1961990 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 Fig.1.2, a
greater growth of minimum temperature is observed during a cold period Byid . @inter), 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 maximum air temperatures in autumn hehenged much le$8].

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 growth in the magnitude of temperature anomalies moving from the south to the north and northea

[3]. Rising of annualat e mper atures in the countryds nort
aged over the whole country and made 1L£C, while the magnitude of such changes was half as
much(0.6C) in Ukraineb6és south and in the Carpat

Coast of the Crimea changed insignificaj8y (Fig.1.3).

Change in the isotherm positions reflects the spatial features of temperature 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, &8d 9n the southern
regions. In 1992013, each isotherm shifted byClalmost throughout the territory of Ukraif,
but the greatest changes are observed in the far northeast, where the isoth&hasdff& are no
longer presented, ¢hisotherm of 8 moved 308400km northwards being passed through 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 (Fig.1.3).

b) 190913

.

Fig.1.3. Average annd%b;b)d994201$emper atur
The seasonal changeg®emperatureegime in Ukraine also demonstrate regional variations.

Winters in the second half of the®through early 2% century became warmer over the whole terri-
tory of Ukraine (Fig.1.4). The average winter air temperature increased by moréGhanl1b9t
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2013 comparedto 1961990 over a signi fi cd3jtnthe aarth of thd c
country, this growth exceeded 4G4 and positive temperature anomalies amounted &€ 1aéd

above in the northern Sumy and Chernihiv oblasts. IrAtitenomous Republic of Crimea, winter
temperature increased by @&°C. Rising of average winter air temperature was caused mainly by
the significant 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 sigyifmaear

than those of the minimum temperature.

a) average winter temperatu b) minimum winter tempera c) maximum winter tempere
anomalies ture anomalies ture anomalies

2 4 “w e >
T i gen

Fig. 1.4.Anomalies {C) of average, minimum and maximum winter air temperatures in-2093
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 Crin[8h The highest
growth of average spring air temperatures°@.and above) is observed in the far northeast of the
country and in the Zhytomyr region (Fig.1.5). Some lowering of temperatures is observed in the Cri-
mea, especially in the south of the peninsula. The average minimum air temperature in spring in
creased ahost over the whole territp of the country, except the Luhansk oblast. Two regions stand
apart, viz., the Volhynia?odolian Upland and the left bank of the Dnipro 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, and southwest of the country amounting1d@X0and abov§3].

a) average spring temperatt b) minimum spring tempere c) maximum spring tempere
anomalies ture anomalies ture anomalies

Cimidvanam e
< )

Fig. 1.5.Anomalies(°C) of average, minimum and maximum spring air temperatures in2083
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 (Fig.1.6). A significant rise in the average summer air temperatures
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 is significantly greater and intensifying from the east to the west and southwest c
the country from 2-1.4°C to 1.61.8°C and above. The minimum summer air temperatures were also
rising over the whole territory of the country. Tém@omalies of the average summer minimum tem-
peratures were growing from the north and northeast to the south and southwest f008C0td
1.2°C and above in 1992013 (Fig.1.6).
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a) average summer temperatt b) minimum summer temper: ) maximum summer temper:
anomalies ture anomalies ture anomalies

Fig. 1.6.Anomalies(°C) of average, minimum and maximum summer air temperatures irR204%1
with respect to the 1961990 reference period

=m x=n

Autumn temperatures also increased in Ukrainé9812013 compared to the reference
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 over the territory 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 tt
northwest and far east of the country. Changes in the average maximum autumn temperatures we
negligible in recent decad§3 (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 iR28®BL
with respect to the 1961990 reference period

The trend is also observed in Ukraine towards incredsaduration 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, andZRdays in the western and eastern Polissia. The greatest changes
were observed in the centi@blissia, where the warm period duration amounted to 278 days at the
beginning of the 21 century, which is 40 days longer than the basdbne-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 Ukraine [8, 15].

Significant rising of air temperature in the warm period has led to an increase in the number
of days with mean daily air temperatures aboRC1&nd,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, 30,°85 heat waves) is also observed, that significantly influences the human
health and livelihood in Ukraind, 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 to an increased convection intensity, and, consequently, to i
creased frequency and intensity of convective weather phenommamaas thunderstorms, heavy
rainfall, hail, squalls, and whirlwindg, 2, 6, 13, 15, 19]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 temperatures, freezing cold days with minimum temperatures droppini
below-10,-20,-25°C, as well ashe duration of extremely cold periods have decrefisddRising
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 trentowards their increase is observed in many regions of Ukjairte 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 dst 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 from the Amoderately se
part of the Ukrainian teitory.

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 within the climatic
normal variability, but the amplitude of intannual variationslecreased [, 8, 13, 15, 19]. Not-
withstanding the insignificant changes in the annual precipitation sums, their seasonal and monthl
values have been redistributed. The greatest changes were observed in autumn, when a significe
increase in the amounf 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 precipitation events increased, especially in the warm period [2, 5, 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 accumulation o
moisture in the soil, have led to an increased frequency anditgtehdgrought phenomena. Com-
bined with other anthropogenic factors, this could result in growth of the area of risky farming and
even desertification of certain areas in the southern regions of Ukraine. In the last 20 years, the inc
dence of droughts hamearly doubled. It is observed a dangerous trend towards increasing a occur-
rence of droughty conditions even within the zone of sufficient moistening, which covers the Polissia
and northern part of the Forest Steppd 2,15,18]In particular, the paper & provides an assess-
ment of the degree of drought intensity for the territory of Ukraine based on the analysis of the satellit
drought index ID (Index of Drought) for the period 2€@IR0. The analysis revealed changes in
biodiversity of ecosystems aral;cordingly, the processes transformation of Ukraine's physical and
geographical zones. Particularly, seteisert zone arose in the South of Ukraine that did not exist
before. The borders of other zones moved to the North and West (fig. 1.8).

I - zone of mixed
(coniferous-deciduous)
forests

Il - zone of temperate

broad-leaf forests

Ill - forest steppe zone

IV — steppe zone
V — Ukrainian Carpathians
VI — Crimean mountains

/7 landscape-climatic boundaries

¢~ transformation of the landscape-climatic

zone boundaries

Fig. 1.8. Changes in the borders of physical and geographical zones of Was@aeon the analy-
sis of the satellite drought index r the periods 201:2020[22]
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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 sensitive indicator of environmental conditif§]s Phenological changes have been rec-
orded in Ukraine, such as earlier flowering and shedding of leaves, and repeat development. Th
geographic ranges of plant species are changing significantly, and invasive species appear and spre
rapidly. The latter inlude numerous hazardous weeds, allergens, agents of d&ease

Rising of aitemperatures accompanied by deficit of moisture has an adverse effect on wood-
lands, especially on growth of trees, increased incidence of diseases, and lead to drying of forest
The hazard of wild fires is growing. This hazard is exacerbated by incréaseterstorm activity
[3,4,7,16].

The temperature regime change has 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 duration of a heating seabstmwan demand for the thermal energy
generation [8, 15]. At the same time, rising of air temperatures in the warm period leads to increase
electricity consumption for cooling and air conditioning.

The regional effects of climate change are of special interest, which currently goes beyonc
the scope of scientific issues alone. Since different types of ecosystem response to the transformati
of planetary processes, including those caused by anthmuip@gect, are recorded in different areas,
there arises an acute need to identify their key trends and regularities. Such analysis is necessary
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 climate change in
pact on climate dependent economy sectors.

To carry out a comprehensive analysis of possible regional differences of climatic conditions
in Ukraine in the 2% century, the ensembles of ten regional climate models (RCMs) for air tempera-
ture and of four RCMs for precipitation sums from the European proje6tEHRSEMBLES for the
scenari o of greenhouse gas emissions bLeBfOIC SH
the forecast periods have been adjusted based on the simulated changes and the data of the grid
dataset EODbs for the recent pexd of 19912010, employing the additive and multiplicative methods.
The RCM ensembles have been developed by researchers of the Ukrainian Hydrometeorological Ir
stitute and identified as being optimal for the analysis and forecasting of the regionalsfeature
respective climate characteristics over the territory of Ukraine [21]. The analysis under climate pro-
jections has been conducted based on all nodes in the model grid of 25x25km separately and avere
ing over five sel ect dtoryimtieegvhote.nnslividua rgionsiest,dNorth,n t
East, South, and Center have been identified based on similarity of physiographic conditions an
accounting for the countryds administrative
subsguent 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 actions.

Three 20year forecast periods have been examined:-20BD, 20312050, and 2082100.

The analysis of projections of average air temperatures has shown (Fig.1.9) that in the nearest peri
of 20112030, the average temperature over the territory of b&raiill rise by 0.40.5°C, ranging

from 0.2°C in the western region in spring and up td0.B the northeast in summer. In the next 20
year period (2032050), the average temperature for the territory will increase by.®@ against

the present clima, ranging from 0°C in the west in spring and to 2®in the northeast in winter.

By the end of the century (20&1L00), the average temperature for the territory will rise BB,

with the minimum value of 2°C in the western region in spring, 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 [910, 11]
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Fig. 1.9. 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 climate conditions in Ukraine in tAe@itury are as
follows. There will be no winter climatic season in the far west and southern region by the end of the
century, as average temperatures in winter months alSGviea¥e been obtained. At the same time,
average monthly summer temperatures abo% a&e 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 signficantly impact the duration of climatic seasons 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 be decreasing by up to Z0in the central, northern, and southern regions in summer
and autumn, and will be increasing by up t?42n the west, north, and east in winter and spring.

By the middle of the century (2031050), precipitation will be decreasing by up t0%80n the cen-

tral, sathern, and eastern regions in summer, and increasing by u@4arbthe western, northern,

and eastern regions and in the eastern part of the southern region in winter and spring. By the end
the century (2082100), precipitation will be decreasing by up to%40n the southern, central, and
eastern regions in summer and will be increasing by more thématt up to 506 in the west and

north in the winter and spring seasons. Therefore, the maximum increase of average monthly preci
itationisexpec® i n winter and spring in the country
decrease in the amount of precipitation is projected in the summer and autumn seasons in the centt
southern, and eastern regions in all future periods.

1.1.2 Background information on greenhouse gas inventories

Ukraine signed the 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 Inventory Report, which includes
detailed and complete information for the entire time series in accordathcene guidelines of the
UNFCCC.
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The National Inventory Report was prepared in accordance with the revised "Guidelines for
the preparation of national communications by Parties included in Annex | to the Convention, Part I
UNFCCC reporting guidelines on annual greenhouse gas invente€C/CP/2013/10/Add.3),
taking into account the structure of the report proposed in the appendix to Annex | of Deci-
sion24/CP.19 ("An outline and general structure of the national inventory repodfiModalities,
procedures and guidelines for the transparency framework for action and support referred to in Articl
13 of the Paris Agreemantontained irthe Decision 18/CMA.1.

GHG emission assessment in Ukraine was carried out under general methodological guid
ance of the 2006 IPCC Guidelines.

Submission to the UNFCCC Secretariat contains also GHG inventory results in the common
reportingtables(CRT) according to the adopted format by the Deci&6®MA.3.

The inventory covers emissi odmethare (Cdenren
trous oxide (NO), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride
(SFe), nitrogen trifluoride (NE).

There is data on precursor emissions alsarbon monoxide (CO), nitrogen oxides (NO
and noamethane volatile organic compounds (NMVOCSs), 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 on values of the global warming potentials of Gld@#ainedn AR5 in accordane with
theguidance provided by the Decision 18/CMA.1 and 6/CP.27

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, legal, 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 12,2005 1239/2005 the MENR
is authorized as the coordinator of activities for the implementation of Ukraine's commitments undel
the UNFCCC and Kyoto Protocol to it. To execute the Decree, the Cabinet of Ministers of Ukraine
adopted two Resolutions.

Resolution 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 Montrea
Protocol evaluation system, and defined its objectives and functiates. this 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 mainlyncerned the ways of the national system's functiohiaddi-
tional information (data) request procedure for estimation of anthropogenic GHG emissions and re
movals, indicating the limited timing for data transfer (provision) by providers (in this caseatiees
public authorities and institutions, plants, etogithin 30 days from the date of receipt of the request.

I n turn by the Order of the MENR of Janue
of the Ministry of Ecology and Natur al Res o\
influenced the structure of the central apparatus of the MENR, naneedpartment of Climate
Change and Ozone Layer Protection was set up.

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 Ministry of Energy anddanvantal Protection of
Ukraine (hereinafter MEEP).
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I n turn by the Order of the MEEP of Febru
and number of independent structur al uni ts o
enced the structure of the central apparatus of the MEEP, namelyr¢glatoRzite of Climate 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 rename of the MEEP to the Ministry of Energy of Ukraineraade a Ministry of
Environmental Protection and Natural Resources of Ukraine (hereindfiEPR).

In accordance by th@rder of the MEPR of July 08, 2020 No. 2 and the Order of the MEPR
of August 29, 2022 No. 327, the new structure was approved, namely the Department of Climate
Policy and Ozone Layer Protection was set up.

In accordance by the Order of the MEPR of August 29, 2022 No. 327 in redaction of De-
cember 01, 2022 No. 511, the new MEPR apparatus structure was approved, namely the Departme
of Industrial Pollution Prevention and Climate Policy was set up.

In turn by the Order of the MEPR of February 06, 2025, the new structure was approved,
namely the Climate Change Unit.

For more details on these functions, see the information in the Generalized Scheme of th
National GHG Inventory System in Ukraine (Fig. 1.10).

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

One of foundational documents within 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 Environta€Rrotection of May 31, 2007
of No. 268 About approving the Work Plan for Annual Preparation and Maintenance of the National
Inventory of Greenhouse Gas Emissions and Removals and the Work Plan to Maintain and Contrc
the Quality of Activity Data and Calilations for the Annual Preparation 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 Secretariat of the UNFCCC. In line
with the functions delegated to it, the SEIA of Ukraine carriedyeneral planning of the inventory,
as provided for in Resolution 19/CMP.1. In particular, it defined and allocated specific responsibilities
in the inventory development process, including duties directly associated with the choice of meth
odologies, colletion of primary data, data on activities of ministries, agencies, and other entities,
processing and archiving of data, as well as Quality Assurance and Quality Control procedures. A
part of the planning, the SEIA of Ukraine considered the ways to iragh@vquality of functioning
of the National System for estimating GHG emissions and removals and of preparing the NIR. Fol
that operational and mediutarm planning were applied.

According to Resolution of the Cabinet of Ministers of Ukraine of September 10, 2014 No.
442 ¢On Optimizations of Central Executive A
the SEIA of Ukraine and delegating its functions to the MENR. Consdlguafter amendments to
the Ministrydéds apparatus by Order of the MEN
mate Change and Ozone Layer Protection was formed. The Department of climate policy functione
before October 31, 2016 in accordancéhwitt he or der of the mayor of

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 Mi.)
ruary 11, 2020 No. 83 the Directorate of Climate Change and Ozone Layer Protection was formed.

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 create a MEPR. In turn by the Order of the MEPR of JuB0@8,No.2, the new
structure was approved, namely the Department of Climate Policy and Ozone Layer Protection wa
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set up. Subsequently, by Order of the Ministry of Natural Resources dated August 29, 2022 No. 32
in redaction of December 01, 2022 No. 511, the new MEPR apparatus structure was approved wit
the Department of Industrial Pollution Prevention and Climateydn turn by the Order of the
MEPR of February 06, 2025, the new structure was approved, namely the Climate Change Unit.

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

U State and private organizations and enterprises, as well as private entrepreneurs and inc
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 productiorvdigts by type of products;

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 inventory withiodhporation 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 framework of Ukraine and within their authority shall collect statistical information and submit
to the request of the MEPR respective aggregated activityata&dG 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 and nongovernmental organizations involved in public discussion of inventories;

Uthe Budget I nstitution ¢National Center
tion with other actors in the systems, conducts inventory of anthropogenie@is&ions by sources
and removals by sinks at the national level;

U InterrAgency 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 aéntral executive authorities regarding 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. Whin its assigned tasks, the MERIRovides 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 SecretariatdRhAs a structural unit
of the MEPR, the Climate Change Unit 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 CRT tables 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. Sireoltialy with uploading of the doc-
ument on the website for free access, requests are sent to independent experts (senior specialists
the field of GHG inventory in order to obtain expert judgements on particular categories, as one o
the components of QArocedures. Stakeholder organizations and experts can submit their comments
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 versithre MIR T revised
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 Semptger 23, 2020 of No. 879. As a result of consideration
by the InterAgency Commission, the MEPR submits the official version of the NIR and CRT tables
to the UNFCCC Secretariat.

A generalized diagram of the National Inventory System in Ukraine is shown below in Fig.
1.10.
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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 stral f Ukraine;

State departments
(sectoral and
regional)

State and
commercial
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Inter-agency Committee of

sources

State and
commercial
enterprises

GHG emission and removal data

!

National Center for GHG Emission Inventory

‘ NIR preparation executor ‘

J ¥

Scientific-research Commercial scientific-

‘ NIR preparation co-executors |

Fig. 1.10. Generalized diagram of the National Inventory 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
determining national GHG emission factors from the use of motor fuelg imahsport sector" per-
formed by SE ¢ Gos avt ebasedphatioiwaspevelapédifoethe transitorctd e
higher levels of GHG emissions calculation in category 1.A.3.b Road Transportation, taking into ac-
count national specific featuresfofu e | use by mobile sources i s |
on the individual review of the inventory submission of Ukraine submitted in 2015", paragraph E.13,

p. 8).

Scientific research "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 gtigube of Industrial Ecology 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 andf-wbad transport was also estimated, what has allowed to perform
GHG emission calculation by Tier 3 method for entire time series for years20990

Scientific research fADevelopment of Pat a
2016 and I mprovement the Transparency of Nat:
was accomplishedbythengnover nment al or gani danalysisand for&&ast e a
ingd. The work was perfor mpavemnméret &londmr@arn
of integrated analysis and forecastingo and
of Energy, Utilities and Climate of TH2anish Energy Agency. The research developed a Data Base
on Energy Statistics of Ukraine for 192016 and Improvement the Transparency of National Re-
porting 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 (HWP) in the National GleGinivor y 0 a n d
opment of the GHG emissions inventory in the forestry sector in order to improve national reporting
of Ukraine according to the requirements of

The first report aimed in developing recommendations for GHG inventory methodology on
HWP best suited for Ukrainian conditions. Also, recommendations were developed to accommodat
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national statistics into methodology, as well as to the national statistics in order to be more consistel
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 state forest accounting of 2011 yeaeoMr recommendations were
developed on possible alternative approaches of monitoring of GHG emissions and removals in for
ests, as well as to forest policy makers with regard to future forest inventories.

1.2.3 Quality assurance, quality control 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 ptm afiventory process.

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

The system complies with Tier 1 procedu
ance/ Quality Control and Verificatione of 2C
QA/QC procedures specially designed taking into account sector specifics ideanmeowith 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, throughoulNtRedevelopment cycle,
including its final submission to the UNFCCC Secretariat, implementation of QA/QC procedures is
an important component, compliance with which is provided and clearly defined by the internal doc-
umentsi the general plan of measures foe tdevelopment 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 Secretariat of UNFCCC.

It should also be noted that in Ukraine there are further efforts being made to implement
requirements of International Standards (I1S) ISO 9000 into the National Inventory System.

Constantly in the action plan for the NIR preparation on the stages of QC special attention is
given to errors likelihood minimization in the calculations, correspondence of data in the NIR and
CRT tables in all the sectors. In particular, enhancementslieen considered and introduced into
QC reporting forms.

The QA/QC process 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. 1.11. The qualitassurance/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.

TResourcingi experts, involved in implementation 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 quality objectives and requiradtivities 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 conducting 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
emisson 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 QA/QC that 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 sources, 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 activities 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 provided through 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 activities, specific responsibilities
are assigned to the various roles in the process of emission assessment:

U QA/QC manager supports the QA/QC plan, establishes quality objectives, coordinates
QA/QC activities, manages data supplies from providers, sectoral experts, and independent exper
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 stakeholders to review estimatio
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 1.12.
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Requests to ministries, departments and entities to receive activity data and emis-|¢
sion factors
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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
- Graphscreation
- Control of units used
- Methodologies consistency
- Consistency of the time series
- Consistency of activity data by sector

\ - Double counting avoidance /

v

Filling the CRT tables Categories aggregation Calculation of total emissions in the
country

v

/ FILTER No. 4 Verification of GHG emission calculations \

in CRT Format:

- Categories aggregatipn

- Inclusion/exclusion of categories

- Recalculations

- Completeness of applicatipn

- Methodology

- Used emission factors

- Generakmission trends by sectors

\ - The overall emission trends in the country /
¥

The presentation of CRT tables and Project of national inventory report for public
discussion

Figure 1.12. The general scheme of the quality assurance process

Checks and documentations are supported by data storage and processing designed spec
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 datatailed specification requirements 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 inventory 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 electronic 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 CRT format, responses to +regulated questions, and description 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 spreadsheets described above). All the key data for each annual NIR are stored in the re
vant sections of the repitory.

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

At the end of each annual reporting cycle, all repository files, spreadsheets, regulatory anc
methodological documents, electronic data sources, notification records, paper data sources, outp
files representing all the calculations for complete timeessri ¢ f r eezi ngé and ar
data are stored on hard disks, for which backup is performed regularly. Paper information is archive
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 Assurance/ Quality Contr
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, enfessms,
and other 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 aagphapriate conversio
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 edovals are estimated and calculated
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 cheaksording to the scheme of Fig. 1.13 with
types of QC activities described in table 1.1.
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Figure 1.13. Diagram of general development and QC processes

QC procedures were carried out during preparation of the NIR by its developers, involving,
if necessary, experts froomther organizations 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 procedures, particularly comprehensive
checks of source data, emissions factors, calculations, completeness of documentation etc. The ent
responsible for QA/QC inspected general trends, compliancetveitimethodologies used, etc.

Sectoral experts also carried out detailed 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 different data sources, the results using t
current and simplified methods, etc.

2) comparison of the results of emission calculation obtained using different approaches (for
example, comparison of calculations wusing th
categories 1.A.3.a Domestic aviation, 1.D.1.a Internationaliawian 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 default factors 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 for the categories 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 performed. Fig. 1.14 shows a diagrai
of the process of analyzing check findings, searchingdases of detected inconsistencies, found
errors fixing and reviewing action plans, in particular related to the need to plan and implement cor-
rections of control or calculation techniques, as well as other corrective and preventive actions (fo
example, chcking calculation results in terms of MS ISO 9000 terminology).

In this diagram, the following aspects are considered:

- the methodology and results of the calculations are 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, in addition to correction
of thecalculation 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 of qualification of the executor. Inconsistency ma
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;

- analysis 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 be compliant 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 conclusion on 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 1.14. The diagram of the 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 resulted in the specific inconsistencies found within this techno-
logical step may result in similar discrepancies in other sirtelgrnological operations, most often
this is due to errors in method descriptions or to the tools of realization of the key technological
operations that are performed repeatedly. This makes it necessary to condwnptive targeted
search and eliminattn of such inconsistencies in the similar technological operations results of which
have not yet been subject to checks, which may significantly increase effectiveness of the qualit
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 discrepancies and their possible furthe
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 of identifying 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 (validation, verification)

QA procedures provide 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 carried out by the involvement of the central executive authorities, organizations,
institutions and independent experts with the aim of obtaining review reports, expert judgements
feedback to the inventory as a whole and separate category.

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

U Secretariat of the Cabinet of Ministers of Ukraine;

Verkhovna Rada Committee for Environmental Policy, Environmental Management;
NationalSecurity and Defense Council of Ukraine;

Ministry of Agrarian Policy and Food of Ukraine;

Ministry of Economy of Ukraine;

U Ministry of Energy of Ukraine;

& Ministry of Health of Ukraine;

t- Ministry of Foreign Affairs of Ukraine;

U Ministry of Finance of Ukraine;

t- Ministry for Communities and Territories Development of Ukraine (hereinafter
MCTDU);

U Ministry of Education and Science of Ukraine;

U State Customs Service of Ukraine;

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

U State Statistics Service of Ukraine;

State Agency on Energy Efficiency and Energy Saving 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;

U Ukrainian Hydrometeorological Institute of National Academy of Sciences and State
Emergency Service of Ukraine;

O Public Organization ¢Bureau of compl ex

U Institute of General Energy of NASU,;

U State Enterprise AThe State Roadi SEr ans
"DergavtotransNDIproect") of MCTDU

U0 State Enterprise c¢cUkrainian Rebtmrdushr g
ergostalé (SE ¢UkrRTC ¢cEnergostal é);

U State Enterprise ¢Cherkassy State Resea
mation in chemical i ndustrye;

U Institute of Animal biology of National Academy of Agrarian Sciences of Ukraine (here-
inafteri NAASU);

U Institute of Animal Science of NAASU;

U Thermal Energy Technology Institute of NASU;

O National Scientific Centre ¢lnstitute o
Sciences of Ukrainee;

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

U Scientific Engineering Qe¢&BGB).e ABi omasso

i
i
i
i

cCcCcc
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External review

Independent external review of the National Inventory Report is generally sberfiame-
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 up with a draft of the NIR, which is placed on the
MEPR websitghttps://mepr.gov.udpr public discussion with all interested organizations and indi-
viduals. Additionally, a notice with 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 commentsiaggestions.

2)At the second stage, after the NIRG6s upi
public discussion, specialized research organizations and independent experts in the respective sect
are involved for external review of the used activity datassiom factors and calculation methods
of GHG inventory in key categories that received 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 currentersion 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 vari
seminars and conferences, as an additional step of external review.

The following describes the results of QA performed for categories of the National Inventory
Report.

Inter-Agency Commission of Climate Change and Ozone Layer Protection

The InterAgency Commission of Climate Change and Ozone Layer Protection (hereinafter
i IAC) was established by Resolution of the Cabinet of Ministers of Ukraine of September 23, 2020
No. 879 (with changes, according to the Order of the Cabinet of Mmistddkraine of April 18,

2023 No. 333p) to organize development and coordination of implementation of the national strategy
and national action plan for implementation of Ukraine's commitments under the UNFCCC and KP,
Paris Agreement, Vienna Conventiar the Protection of the Ozone Layer, Montreal Protocol on
Substances 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 implementatioatefygilicy 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 policy; coordination of central executive institutions, reggmigvelopment 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, Ozone Secretariat (Secretariat for the Vient
Convention for the Btection of the Ozone Layer) and Montreal Protocol on Substances that Deplete
the Ozone Layer, etc.

According to the existing legal document, namely Resolution of the Cabinet of Ministers of
Ukraine of September 23, 2020 No. 879 (with changes, according to the Order of the Cabinet o
Ministers of Ukraine of April 18, 2023 No. 33) the IAC includes Chanan of the Commission,

First Deputy Chairman of the Commission, Deputy Chairman of the Commission, Secretary of the
Commission and other Commission members. The Cabinet of Ministers of Ukraine approves the
Commission Staff. The Chairman of the Commissapproves its personnel and make necessary
changes to it.

The IAC shall include:

- Minister of Environmental Protection and Natural Resources of Ukraiteirman of the
Commission;

- Deputy Minister of Economy First deputy Chairman of the Commission;

- Deputy Minister of Environmental Protection and Natural Resourdsputy Chairman
of the Commission;

- Head of the profile structural unit of the MEPFSecretary of the Commission;

- Deputy Minister of health of Ukraine;

- Deputy Minister of Foreign Affairs of Ukraine;
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- Deputy Minister of Finance of Ukraine;

- Deputy Minister for Communities and Territories Development of Ukraine;

- Deputy Minister of Education and Science of Ukraine;

- Deputy Minister of Agrarian Policy and Food of Ukraine;

- Deputy Minister of Energy of Ukraine;

- Deputy Chairman of the State Customs Service;

- Deputy Chairman of the State Service of Ukraine for Geodesy, 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 of Ukraine;

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

- People's Deputies of Ukraine (if agreed);

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

- Representative of the Secretariat 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 discussion. The NIR submits to the IAC for its final approvakdsl on the decision adopted
by the IAC, the MEPR submits the official NIR and CRT tables to the UNFCCC Secretariat.

1.2.3.4 Confidential information handling

In accordance with the Law of Ukraine from September 17, 1992 of No-2614 ¢ Ab o |
the State Statisticsé, spreading of informat
dential information about an individual respondent, as well agéaynation 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 varios types of products data on whose activities are 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 emissiatgigible GHG emissions.

The categories that include production of these types of products are not key ones and are in the sec
IPPU (CRT Sector 2), therefore, for estimating emissions in these categories, mostly default emissio
factors are used.

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

U merging of emissions as categories belonging to the same group (for example, combining
emissions of C@from production 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 activity 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 cases:

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.8 Petrochemical and Carbon Black Production;

U in production of aluminium in category 2.C.3 Aluminium production;

U in production of zinc in category 2.C.6 Zinc production.
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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 confidentic
information in accordance with the procedure referred to in tlie ©f Practice for the Treatment of
Confidential Information in the Technical Review of Greenhouse 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
Cabinet of Ministers of Ukraine of May 27, 2
of Central Executive Gover nmeaateMBPRdi esé, t he

According to par. 1 and subparagraphs 3.1, 3.2,-4.62 of Resolution of the Cabinet of
Ministers of Ukraine of June, 25, 2020 No. 6
and Natur al Resources of Uk onsiblenfar grepardtibneappcogah t r
and submission to the UNFCCC Secretariat of information on implementation 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 coordited by the Cabinet of Ministers of Ukraine. One of the structural
units of the MEPR is the Climate Change Unit, which has been assigned as responsible for the pre
aration 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 I nventory preparation

1.3.1 The basic stages of the inventory

The process of preparation of the NiRludes the basic stages:

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

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

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

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

5. Obtaining information, its check to establish completeness and compliance with the
query form. Analysis of the information obtained on the possibility 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 inventories. Clarifica-
tion of data provided as a response to additional queries and ngceorisultations from experts on
issues of National Inventory Report preparation.

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

8. Conducting calculations to determine GHG emissions 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 of the Parties in-
cluded in Annex | to the Convention, Part I: UNFCCC guidelines forrtieyggoannual greenhouse
gas inventories" (FCCC/CP/2013/10/Add.3).

11. Upload of the draft National Inventory Report on the website of the MEPR and to obtain
comments and suggestions from stakeholders and independent experts.

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

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

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

Annual development and support of the NIR are considered as a separate project, an im
portant aspect of management of which is planning.

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

In line with the information presented paragraph 1.2.3.1 "QA/QC procedures"”, planning de-
velopment of the NIR to be submitted in 2025 is covered in internal use documents based on typics
annual inventory preparation plans and inventory QA and QC actj\niaesely:

1) 20242025 Action Plan to prepare generalized data on GHG emissions on the territory of
Ukraine for the National Inventory Report of Anthropogenic GHG Emissions by Sources and Re-
movals by Sinks in Ukraine for the period of 1980R3 (submitted in 2025);

2) 20242025 QA/QC Action Plan when preparing generalized data on GHG emissions on
the territory of Ukraine for the National Inventory Report of Anthropogenic GHG Emissions and
Removals by Sinks in Ukraine for the period of 12923 (submitted in 2025).

These documents have framework feature, being designed to serve fbeveiighroject
management, and is presented in the form of a consolidated schedule, which allows you to includ
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 on performing 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.

The planning and control of greenhouse gas inventory activities is presented in Table 1.2.

Table 1.2Planning and control of activities on greenhouse gas inventory

# Year Month Stages NIR preparation
1. [20242025|May - De- |Quality assurance and quality control. QA/QC is conducted at all preparation s
cember of the generalized data on greenhouse gas emissions on the W&rdiney with the

involvement of sectoral experts and regulated by a QA/QC plan. The QC proc
of different levels detail are provided while conducting data quality control. Ma
tory compliance with general procedures for quality control (accorditigettypes ¢
control activities), quality assurance (independent peer review by departments
experts) and documentation, archiving, reporting are planned.

2. 2024 June-De-  [The activity data collection by sectors. The activity includes the processes of p
cember ing a list of data providers, information request and mailing forms, obtaining th
essary data, analyzing the received information for completeness and correctr
This process is carried out at the same time with the organization of joint meet
with data providers.

3. 2024 June- De- (Interaction with data providers. If necessary, joint consultations and meetings
cember planned with data providers to ensure completeness, data correctness and the
receiving.

4. 20242025 |September [Accomplishment of calculations by sectors. Calculations by sectors in accorda
February with the selected methodologies with simultaneous verification and adjustmen
calculations are performed.

5. 2025 January Preparation of generalized data on GHG emissions. This activity includes ente
February the results of calculations into electronic reporting forms (CRT), preparing NIR
tions and annexes, forming a complete document.

6. 2024 February- |Submission of generalized data on GHG emissions to the Ministry of Environn
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Year Month

Stages NIR preparation

April

Protection and Natural Resources of Ukraine for the purpose of further indepe
review by departments and independent experts. Refinement of the generaliz¢
taking into account comments and suggestions, with subsequent transfer to th
try of Environmental Protection and Natural Resources of Ukraine.

7. 2025

Archiving of data on greenhouse gas emissions okJknaine's territory.

8. [2025

Support of theNational Inventory Report of Anthropogenic GHG Emissions by
Sources and Removals by Sinks in Ukraine during all stages of verification by
Secretariat of the UNFCCC.

Research works. Participation in scientific and technical councils on issues of
eration and adoption of intermediate and final results of research works, aimec
proving the national system of assessment of anthropogenic emissions and ak
of greenhouse gases.

10.

20242025

Scientific and methodical work (tle®-called supporting stage). The activity includ
carrying out scientific and methodical work by sectors, the result of which is the
sis of methodologies during the entire period of data preparation on greenhous
emissions on the Ukraine's teoriy, as well as a participation in activities aimed a

creasing

expertséo

professional ski

1. 4

Brief general des

cri on of

ptoi

of emissions in key categories were detesdimostly using secordvel approaches.

emissions and removals in this inventory.

sions and removals

met hcC
A detailed description of methodological approaches that were usedtforating GHG

emissions and removals is described in the relevant sections of this report. Estimates GHG and pr

cursor emissions were performed using the first, second, and third level approaches. Thus, volum

Table 1.3 presents generalized information about assessment methods for estimation of GH¢

Table 1.3. Generalized information about assessment methods for estimation of GHG emis

[0
IS
ﬁ g Name of the emission category Comment on the method applied
®
1. ¢ |Fuel Combustion Activities v 1, v 2, U 3
1. ¢ . |[Energy Industries vl, v2, u3
1 . ¢ . [Manufacturing Industries and Construction vl, uv?2
1. ¢ . [Transport v ly 2, u 3
1. ¢ . |Other sectors vl, uv?2
1 . ¢ . |Other (not elsewhere specified) u 1l
1.B Fugitive Emissions from Fuels CS, vl, v 2, U 3
1.B.1 |Solid Fuels CS, vl, v2, U3
1.B.2 |Oil and natural gas and other emissions from energy products 1, v 2
1. & |COzTransport and storage The category is not calculated
2 . ¢ Mineral industry v 1, v 2, U 3
2 . 1 |Chemical Industry v 1, v 2, U 3, EMEP/ EEA
2 . & |Metal Industry vl, u©v3, EMEP/ EEA
2.D Nornrenergy products from fuels and solvent use uvl, EMEP/ 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 uvl, U2
3 . 1 |Manure management CS, vl, U2
3.C Rice Cultivation vl
3.D Agricultural Soils CS, vl, U2
3.E Prescribed burning of savannas The category is not calculated
3.F Field burning of agricultural residues The category is not calculated*
3.G Liming u 1l
3.H Urea Application vl
4 . ¢ [ForestLand CS,u5 1, U2
4 . 1 |Cropland CS, wvl, T3
4 . b |Grassland cCs, wvil1, T3
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(0]
I
,S § Name of the emission category Comment on the method applied
®
4.D \Wetlands vl
4.E Settlements vl
4.F Other Land vl
4.G Harvested Wood Products vl
4.H Other The category is not calculated
5. ¢ |[Solid waste disposal u 3
5 . 1 |Biological Treatment of SolitVaste vl
5 . & |Incineration and open burning of waste vl, uv?2
5.D \Wastewater Treatment and Discharge CS, wvl, wuv2
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/CORINAIRiT methodology for GHG inventory

* The Burning of agricultural residues in Ukraine is prohibited under the Code of Administrative Offenses-(Arandrthe
Law of Ukraine On Air Protection (Art. 16, 22). Fires that occur in agricultural areas are defined as natural firegg§yild
[Therefore, the emissions from them accounted for in LULUCF.

Table 1.4 indicates the key sources of information from which activity dataloulation
of GHG emissions and removals was obtained.

Table 1.4. Summary of the key sources of activity data for estimating GHG emissions and

removals
Name of the data source Name of the activity data
State Statistics Service of Ukraine Amount of fuel consumed.
Calorific value of the key fuels.
Volume of production, import, export, and changes in fuel stocks.
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 of feed by cows, gender and bulls, and other cattle in agricultural ente|
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.
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 food products by population of Ukraine.
M"n'stry of Ener g Informationaboutthe 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 activitiperformed during the period starting from 199

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

State I nstituti on Informationon the number of surgeries performed in Ukraine.

tistics of Minist

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 startinglfe@t

Energy generation companies Technical and economic indicators of activity of condensing thermal power plants.

JSC ANaftogaz of Information about the oil and gas system of Ukraine.

Ukrainian State Air Traffic Service{ Aircraft departures information (database).
Enterprise (SE dU
Industrial enterprises Data of mineral, chemical and metallurgy, cement, ceramics, glass production, as
data on use of hydrofluorocarbons, perfluorocarbons and sulfur hexafluoride.
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Name of the data source Name of the activity data
Ministry for Communities and Territo] Statistical reporting formNo-:I PV A Report on Sol i d Was
ries Development of Ukraine Information on the implementation of modern methods and technologies in the fi

household waste management in Ukraine.

Information on the volumes of activities performed during the period starting from ]
State Water Resources Agency | StatisticalformNo.Zr' P fiReport on Water Useo (d
Ukraine and industrial wastewater).

Data on the area of cultivated peat soils.

State Service of Ukraine for Geodeq Information on areas of land use.

Cartography and Cadastre of Ukraing
State Forest Resources Agency | Information on the volumes of activities performed duringpeod starting from 1990
Ukraine which falls under the activities of paragraphs 3 and 4, Article 3 of Kyoto 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 parameters of existing Municipal Solid Waste landfillg
the amount of Municipal Solid Waste deposited.

Information about thermal disposal of medical waste

Regional Departments of theéState | Information about the number of fires on agricultural crops by regions.

Emergency Service of Ukraine
Institute of Public Administration an¢ Data on fire areas on grasslands andfooest wetlands.
Research in Civil Protection
State Enterpri se| Dataon the livestock of rams and wethigrghe sheep herd structure by agricultu
Il dentificati on an enterprises and household farms.

State Agency of Ukraine on the Excl| Data on forest land in the exclusion zone.

sion Zone Management Information on the volumes of activities performed during the period starting from 1
Ukrainian state forest inventory an Information about forests of the State Forest Resources Agency of Ukraine and
management planning associati{ other forest users.

AfUkrderzhlisproek
Companies for methane recovery at{ Data on the methane recovery at the MSW landfills.
landfills

100-year timehorizon global warming potentials from the Fifth Assessment Report of IPCC
were used as required by the Decision 6/CP.27.

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
level and trends. The results of key category analysis 8 @fth and without the LULUCF sector
are presented in Tableshnd 16, respectively. A detailed analysis of the key categories is presented
in Annex 1.

Table 15. Key category analysis, excluding LULUCF sector 202

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 COo + +
1.A.1 Fuel combustionEnergy Industries Solid Fuels CO + +
1.A.2 Fuel combustionManufacturing Industries and ConstructioBaseous Fuels CO + +
1.A.2 Fuel combustionManufacturing Industries and Constructioniquid Fuels CO +
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.A.5 Other (Not specified elsewherd)iquid Fuels CO, +
1.B.1 Fugitive emissions from Solid Fuels CHa + +
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IPCC source category Gas Level Trend

1.B.2.a Fugitive Emissions from Oil and Natural Gasil CHa + +
1.B.2.b Fugitive Emissions from Oil and Natural G&atural Gas CO + +
1.B.2.b Fugitive Emissions from Oil and Natural G&atural Gas CHa + +
2.A.1 Cement Production CO + +
2.B.1 Ammonia Production CO + +
2.B.2 Nitric Acid Production N20 +

2.C.1 Iron and Steel Production CO + +
2.F.1 Refrigeration and Air conditioning HFC + +
3.A Enteric Fermentation CHs + +
3.B Manure management CHa +

3.D.1 Direct N20 Emissions From Managed Soils N20 + +
3.D.2 Indirect N20O Emissions From Managed Soils N20 + +
5.A Solid Waste Disposal CHa + +
5.D Wastewater Treatment and Discharge CHa + +

Table 16. Key category analysis, including LULUGEctor (203)
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 COz + +
1.A.2 Fuel combustionManufacturing Industries and ConstructioBaseous Fuels CO. + +
1.A.2 Fuel combustionManufacturing Industries and Constructioniquid Fuels CO. +
1.A.2 Fuel combustion Manufacturing Industries and Constructio8olid Fuels CO. + +
1.A.3.b Road Transportation COz +

1.A.3.e Other Transportation COz + +
1.A.4 Other SectorsGaseous Fuels CO, + +
1.A.4 Other SectorsLiquid Fuels CO +
1.A.4 Other Sectors Solid Fuels CO, +
1.B.1 Fugitive emissions from Solid Fuels CHa + +
1.B.2.a Fugitive Emissions from Oil and Natural Gasil CHa +

1.B.2.b Fugitive Emissions from Oil and Natural Gaatural Gas CO, +

1.B.2.b FugitiveEmissions from Oil and Natural Gadlatural Gas CHa + +
2.A.1 Cement Production CO +

2.B.1 Ammonia Production CO + +
2.B.2 Nitric Acid Production N20 +

2.C.1 Iron and Steel Production CO + +
2.F.1 Refrigeration and Air conditioning HFC + +
3.A Enteric Fermentation CHs + +
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.A.2 Land Converted to Forest Land CO, +
4.B.1Cropland 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 total uncertainty of the National Inventory Report, includ-
ing data on the overall uncertainty for the entire inventory

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

The results indicate that the net emissionsdf0year including the sector Land use, land
use change and forestry (LULUCF) is 916472.68 kb Equivalent with an uncertainty of 5.21 %;
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excluding the LULUCF sectar 964369.85%t CO; equivalent with an uncertainty of 3.66 %.

The results indicate that the net emission8d@3year including the sector Land use, land
use change and forestry (LULUCF) is 221693.25 kbt €quivalent with an uncertainty of 17.45 %;
excluding the LULUCF sectar 232854.53 kt C@equivalent with an uncertainty of 9.31 %.

Based on totals of years 1990 and 2023, the average trend including the LULUCF sector i
75.81 % reduction of emissions; excluding the LULUCF seictd$.85 % reduction of emissions.
The trend uncertainty including the LULUCF sector is 4.60 %; exclude@th.UCF sectoi 2.03

%.

For more detailed information see Tables ARZL2 of Annex 7. Uncertainty analysis for
the base 1990 year, see Tables AX734 of Annex 7.
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)

Sector

Share in total
emissions for

Share in total
emissions for

The percentage un-
certainties of the

The percentage un-
certainties of the

1990, % 2023, % emissions for 1990, %| emissions for 2023, %
Energy 80.76 73.97 2.65 4.87
Industrial processes and 12.84 951 053 0.87
product use
Agriculture 9.78 14.87 2.56 7.24
LULUCF -5.23 -5.03 3.52 14.45
Waste 1.85 6.69 1.00 4.31

Table 1.8. The 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, % 2023, % emissions for 1990, %| emissions for 2023, %
Energy 76.75 70.43 2.52 4.64
Industrial processes and 12.20 9.05 0.50 0.83
product use
Agriculture 9.29 14.15 2.43 6.90
Waste 1.76 6.37 0.95 4.11

The lowest percentage of emissions uncertainty in 2023 year is observed in the Industria
processes and product use sector.

1.7 General assessment of completeness

The total national aggregate of estimated emissions for all gases and categories consid-
ered insignificant remains below 0.1 per cent of the national total GHG emissions.

As ERT noted, the category 3.B.2.5 IndireegONEmissions is not a mandatory category.
Due to the fact that, there are no national and default EF, to evaluate the significance is not real fc

this category.

GHG emission in category 5.C.2 Open Burning of Waste in 2023 amounted to 43.34 kt CO
eq., which is 0.020 % of the national total GHG emissions including LULUCF and 0.019 % of the
national total GHG emissions excluding LULUCF (please, see table 1.9).
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Table 1.9. The total national aggregate of estimated emissions for all gases and categorie
considered insignificant

Catedo Chemical | Approximated EF Emissions,| Emissions,
gory formula AD, kt kt kt CO2-eq.
3.B.5 Indirect NO Emissions | N,O NA NA NE NE
3.D.1b.ji | SeWage Sludge Appliet \ NA NA NE NE
to Soils
3.G.2 Dolomite CaMg(CQ), | CO, NA NA NE NE
COo, b 28.87 28.87
5.C.2 Open Burning of Wastg N,O 68.5 0.15 g/kg 0.00758 2.0087
CHs 0.5 glt 0.445 12.46
TOTAL COz-€eq. 43.34
Total CO:2 equivalent emission
with LULUCF % 0,020
Total CO:z equivalent emission o
without LULUCF & 0,019

The main reasons for the use of notation key (NE, IE) in the GHG inventory in certain cate-
gories, are:
i Methodology absence (NE)

1 when calculating emissions of carbon diox(@©2) in the categoriet 1.B.1.a.i.2 PosMining
Activities, 1.B.1.a.ii.IMining Activities, 1.B.1.a.ii.2 PosMining Activities, 1.B.2.a.v Distri-
bution of Oil Products, 3. Sectors/Totals Agriculture, Indirect emissions, 3.G.2 Dolomite
CaMg(CQ)2, Sectors/Totals, Land use, lande change and forestry, Indirect emissions,
5.C.2.a.i Municipal Solid Waste, 5.C.2.a.ii Other (please specify), 5.C.2.b.i Municipal Solid
Waste, 5.C.2.b.ii Other (please specify);

1 when calculating emissions of methg@#4) in the categories 1.B.2.a.v Distribution of Oll
Product s, 2.1].1 Ammonia Producti on, 2.1.5
Poultry, 4(ll).A.1. Forest land remaining forest land > Drained Organic Si,B.1.
Cropland remaining cropland > Drained Organic Soils, 4(11).C.1. Grassland remaining grass-
land > Drained Organic Soils, 5.C.2.a.i Municipal Solid Waste, 5.C.2.a.ii Other (please specify),
5.C.2.b.i Municipal Solid Waste, 5.C.2.b.ii Other (plesgecify);

1 when calculating emissions of nitrous ox{#20) in the categories3 . 1 . 5 1.@ Hmisr e c t
sions, 3.D.1.b.ii Sewage sludge applied to soils > Sewage Sludge Applied to Soils, 4(IV).D.1.
Wetlands remaining wetlands > Wildfires, 5.C.2.a.i Municipal Solid Waste, 5.C.2.a.ii Other
(please specify), 5.C.2.b.i Municipal Solid Waste, 5.C.2.b.ie©tplease specify).

U Included elsewhere (IE):

1 when calculating emissions of carbon diox{@O>) in the categories 1 . ¢ . 3. b. ' ° L

trucks (gasoline, di esel si |, |l T qguefied p
l ubricants), 1.¢.3.Db. " " Heavy duty truck
gases, other liquidufe | s bi omass, kerosene, l ubricant
sel si |, l iquefied petroleum gases, -road her
vehicles and other machinery (gasal e , di esel si |, l i qguefied
bi omass), 1.¢.4.c. " " Fishing (residual f
1.B.2.MmM.iM2i GasCombBneé&d, 1.B.2.fMm.i1ii .3 Coml
(Sectoral approach)/Information item/(Biomass, Fossil fuels), 1.AD Feedstocks, reductants anc
other norenergy use of fueléNaphthaz . 1 . 5. © Silicon carbi de,

4(11).A.1. Forest land remaining forest land > Drained Organic $4(l§,B.1. Cropland re-
maining cropland > Drained Organic Soils, 4(Il).C.1. Grassland remaining grassland > Drained
Organic Soils, 4(I).D.1.a. Peat extraction remaining peat extraction > Drained Organic Soils,
4(1V).D.2. Land converted to wetlands > Wilds;

1 when calculating emissions of methg@Ha4) in the categories 1 . ¢ . 3. b . " ° Ligh
(gasol i neliquefeed petsoledm gssed, other liquid fuels, biomass, kerosene, lubri-
cants), 1.¢.3.Db. " " Heavy duty trucks and
|l eum gases, other liquid fuel s, k er disseln e,
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si |, |l iquefied petroleum gases, o t-rbaevehid i
cles and other machinery (gasoline, di ese
mass) , 1.¢.4.c. " " Fi shi ng , ¢aseous ifugls, dibmads)u e |

1.B.2.MmM.iM2i Ga&sComhbBned, 1.A Buel Zonfipustion actvitieS o m|

(Sectoral approach)/Information item/(Biomass, Fossil fudld)).B.2. Land converted to
cropland > Wildfires, 4(1V).C.2. Land conved to grassland > Wildfired(I1V).D.2. Land con-
verted to wetlands > Wildfires
1 when calculating emissions of nitrous oxiQO) in the categorie$ 1 . ¢ . 3. b . " '
uef

trucks (gasoline, di esel si |, l i quefied
l ubricants), 1.¢.3.b. " " Heavy duty truc
gases, other liquidife | s, bi omass, kerosene, Il ubricant
sel si |, |l iquefied petroleum gases, -road her
vehicles and other machinery (gas olsifuels,,

biomass), 1.¢.4.c. " "I Fishing (resi duldl

Fuel Combustion activities (Sectoral approach)/Information item/(Biomass, Fossil fuels),

1.1.2. Mm. " ;4(\3).B.Z band domvertdd to cropland > Wildfires, 4(IV).C.2. Land
converted to grassland > Wildfireg]V).D.2. Land converted to wetlands > Wildfires;
1 when calculating emissions BiFC-134a(CH>FCE) in the category 2.F.4Metered dose in-
halers.
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 or processes, which within a country do not occur;

U NE (Not estimatedfor possible GHG emissions by sources and removals by sinks, in

respect of which the assessment was not carried out;
U NA (Not applicable for activities in a particular category of source/sink, which does not
lead to emissions or removals of a specific gas;
U IE (Included elsewhejefor activities or categories of GHG 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 considered in severa
phases over the period of 192023. During the first phase (199999), a catastrophic decline in
GDP and reduction in energy consumption were observed, which led teeagkem GHG emissions.

In the second phase (206Q007), there was stabilization of the trend and a gradual increase in emis-
sions, which is due to the economic growth (including GDP growth), but there is no direct correlation
between the growth in emiss®and in GDP. Primarily, this is due to structural changes in the econ-
omy, an increased role of trade, services, and the financial sector in comparison with industrial pro
duction. During the third phase (20@813), GHG emissions depended on the factahefglobal
financial crisis (20082009), which largely affected production volumes in key expoénted sec-

tors: metallurgy, chemical, machine building, which, in turn, affected other septos®r generation

and mining. In 2014 GHG emissions sharpsclihed- by about 126 compared with 2013 with
continued trend of decline in 2015 by 1¥%bcompared with 2014. Among the key factors of the
sharp drop should be mentioned an occupation and attempted annexation of Crimea aimd/armed
sionby the Russian Federation, what led to a considerable reduction in industrial production, and, a
a consequence, reduction in energy consumbtibimat also led to interruption of supply and trade
connections of industries on tempalisaoccupied by the Russian Federation territory of Ukraine with
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 measuredhave fallen by 10.36
compared to 2019. Lower yields of agricultural crops together with higher mineral fertilizers appli-
cation in 2020 resulted in rapid decline of GHG emissions in Cropland categorybyéhpared
with 2019.

Emission trends in 2021 in general is characterized by the recovery from the global pandemic
and intensification of production in different sectors of the economy of Ukraine. This, in turn, resulted
in total increase of emissions by&compared with 2020.

Emission trends in 2022023 are mainly impacted by thél-scale invasion of Ukrainiey
theRussian FederatioMhere are particular activities (mineral, chemical, metal industries, fuel con-
sumption in energy) that were strongly affected resulting in significant decrease of GHG emissions
Total emissions in 2023 decreased by 32 % compared with 2021. Heavy agacks Ukrainian
energy generation facilities resulted in decrease of GHG emissions in this sector particularly and it
total overall.

Table 2.1 and Fig. 2.1 show a trend of total emissions of carbon dioxide, methane, and ni-
trous oxide in Ukraine, including LULUCF sector. The share of HFCs, th@36tal emissions is
equal to about 1.1 % in 2023, and PFCs angé¥fissions in Ukraine do not occur.

“On 18 January 2018, the Parliament of Ukraine adopt
Ukrainebs State sovereignty over temporarily occupi ec
legal status of certain eas of the Donetsk and Luhansk regions as temporarily occupied territories of Ukraine
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Table 2.1. Dynamics of totgreenhouse gas emissions in Ukraine (Mt€Q.)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Egégm'ss'ons without net CQ from LU- 706.5 633.2 589.5 5105 419.6 390.2 351.8 340.6 328.9 298.6 285.7 303.9 295.9
CO; emissions with net CQ from LULUCF 658.4 577.3 535.2 4622 369.4 3439 3119 306.6 290.7 258.5 252.0 278.6 273.0
CH. emissions without CH, from LULUCF 209.3 200.4 191.5 181.9 171.1 159.5 154.8 148.6 144.3 145.7 135.6 133.8 1255
CH. emissions with CH, from LULUCF 209.3 200.5 1915 181.9 171.2 159.5 154.9 148.6 144.3 145.7 135.6 133.9 1255
N.O emissions without NO from LULUCF 48.4 438 40.6 38.0 32.8 29.6 25.7 25.3 22.9 20.9 20.4 21.9 22.3
N.O emissions with NO from LULUCF 485 44.0 40.8 38.2 33.0 29.9 25.9 25.5 23.2 21.2 20.6 22.2 22.5
HFCs* NO NO NO NO NO NO NO 6 12 13 14 28 62
PFCs* 212 169 128 129 145 160 129 132 108 92 104 101 89
SF* 0.01 0.02 0.03 0.06 0.07 0.07 0.07 0.13 0.20 0.32 0.43 0.48 1.10
NF* NO NO NO NO NO NO NO NO NO NO NO NO NO
Total (without LULUCF) 964.4 877.6 821.7 730.6 623.7 579.4 532.4 514.6 496.2 465.3 4417 459.8 443.8
Total (with LULUCF) 916.5 822.0 767.6 682.5 573.8 533.4 492.9 480.9 458.4 425.4 4083 4348 4212
Total (without LULUCF, with indirect) 964.4 877.6 821.7 730.6 623.7 579.4 532.4 514.6 496.2 465.3 4417 459.8 443.8
Total (with LULUCF, with indirect) 916.5 822.0 767.6 682.5 573.8 533.4 492.9 480.9 458.4 425.4 408.3 4348 4212
Net ,feofn LULUCF 479 557 541 481 49.9 -46.0 396 337 37.9 39.9 33.4 24.9 226
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 | 2577 | 2238
CO; emissions with net CQ from LULUCF 2747 2916 295.0 310.6 313.1 315.3 261.7 273.2 301.3 2935 298.9 260.2 227.8
CH. emissions without CH from LULUCF 126.1 1225 117.8 1155 115.2 107.6 98.3 97.6 99.1 92.8 87.2 79.9 716
CH. emissions with CH, from LULUCF 126.1 122.5 117.8 115.5 115.3 107.6 98.3 97.7 99.1 92.9 87.2 80.0 71.6
N,O emissions without NO from LULUCF 19.6 21.9 22.1 22.3 22.1 26.4 23.8 245 29.4 28.0 30.8 30.6 28.5
N.O emissions with NO from LULUCF 19.8 22.1 22.4 22.6 22.4 26.7 24.1 24.6 29.6 28.2 31.0 30.7 28.6
HFCs* 101 179 272 378 526 612 636 715 826 852 914 896 826
PFCs* 69 84 128 100 139 157 48 24 NO NO NO NO NO
SF* 2.05 3.17 4.60 4.41 5.36 9.62 9.65 10.01 8.67 11.33 12.93 17.24 20.25
NF3* NO NO NO NO NO NO NO NO NO NO NO NO NO
Total (without LULUCF) 453.1 4553 453.9 4713 4748 460.7 400.3 4172 4377 426.1 4165 369.1 324.8
Total (with LULUCF) 420.9 4365 4357 449.1 4515 450.3 384.7 396.2 430.8 415.4 418.0 371.8 328.9
Total (without LULUCF, with indirect) 453.1 4553 453.9 4713 474.8 460.7 400.3 4172 4377 426.1 4165 369.1 324.8
Total (with LULUCF, with indirect) 420.9 4365 4357 449.1 4515 450.3 384.7 396.2 430.8 415.4 418.0 371.8 328.9
Net ,feofn LULUCF 322 187 182 222 233 -10.4 156 21.0 6.9 107 15 2.7 4.1
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2016 2017 2018 2019 2020 2021 2022 2023
Egégm'ss'ons without net CQ from LU- 234.1 2233 231.9 2222 207.1 2106 143.0 139.3
CO, emissions with net CQ from LULUCF 240.0 220.6 238.8 2271 1910 | 2050 127.2 128.0
CH. emissions without CH from LULUCF 77.0 745 78.7 816 83.3 83.0 66.9 62.8
CH. emissions with CH from LULUCF 77.0 745 78.7 81.6 83.6 83.0 66.9 62.8
N,O emissions without NO from LULUCF 31.2 29.9 32.9 34.6 328 376 26.9 28.3
N,O emissions with NO from LULUCF 313 30.1 330 34.8 33.1 37.7 27.0 285
HFCs* 944 1077 1483 1849 2000 2245 2330 2423
PFCs* NO NO NO NO NO NO NO NO
SFe* 25.12 29.43 34.47 39.00 | 4463 | 5034 | 5423 | 57.21
NFs* NO NO NO NO NO NO NO NO
Total (without LULUCF) 3433 328.8 345.0 3403 | 3252 | 3335 | 2392 | 2329
Total (with LULUCF) 349.3 3263 352.1 3454 | 3097 | 3281 2235 | 2217
Total (without LULUCF, with indirect) 3433 328.8 345.0 3403 | 3252 | 3335 | 2392 | 2329
Total (with LULUCF, with indirect) 349.3 326.3 352.1 3454 | 3097 | 3281 2235 | 2217
Net ,feofn LULUCF 6.0 25 71 51 155 5.4 157 112

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

Fig. 2.2 shows a trend of G@missions for the time series 198023 in Ukraine. CQ
emissions with LULUCF in 202amounted to 1299 Mt, what is 5 times lower compared with 1990
(658.41 Mt).

CO emissions in the Energy sector in 3Gmounted td.22.25Mt, what is B.4 % lower
than the value in the base year. In 1990, €Qissions were 592.25 Mt and by 5% consisted of
emissions from fuel combustion compared to total emissions in the country. Such structuge of CO
emissions was due to the high energy intensity of the economy. The economic decline that followet
the collapse of the Soviet Union as well as structural changes in the sector and economy led to
significant reduction in energy consumption and:@@ission reduction in the Energy sector in the
period from 1990 to 2¥B.

Carbon dioxide emissions in IPPU sector in 2@2hounted tdl6.56 Mt, what is 8.1 %
lower than the value in the base year 8rti% than the value in 2@2 The largest source of GO
emissions in the IPPU sector is tdetal Industrythat amounts td7.7 % of total CQ emissions in
sector.COz emissions in sectan the period from 1990 to 2@have decreased significantly due to
a reduction in production output caused by the collapse of the USSR, economic crisgissaade
invasion of Ukraindy the Russian Federation
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Fig. 2.2. Emissions am@émovalsof CarbonDioxide by sector in Ukraine, Mt

2.1.2 Methane emissions

Emissions of Cllar e t he s e c o nxconsidenng thesr tshara in tomlrGH@ [
emissions. In 202 CHs emissions in Ukraine amounted t8. 57 Mt CO»-eq. Compared to 1990,
when the emissions were281 Mt CO»-eq., the emissions decreased’by) %. In the last reporting
year, the most significant source of methane emissions was the Energyi €&cidvo, and signifi-
cant emissions were observed in Wag&(0 %) and Agriculture (2.0 %) as well.

The largest Chlemissions in the Energy sector come from coal mines, as well as from pro-
duction, transportation, storage, distribution, and consumption of oil and naturalirgas 1990,
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methane emissions in category 1.B Fugitive emissions from fuels decreased by more thaifi 3 times
from 4.96 to 144 Mt.

In agriculture, the main source of CH4 emissions is cattle enteric fermentation. The eco-
nomic decline led to reduction in agricultural production, and consequently to reduced methane emis
sions in the Agriculture sector in 208 29163 kt, what is almost six times lower than in 1990.

In the Waste sector, the greatest emissions afdCeur during anaerobic decomposition of
solid municipal waste, as well as from waste water. Compared to 1990, emissions from solid wast
disposal sites increased b#.2 %, and emissions from waste water decreasefiigyo.

Methane emissions in IPPU take place during the production of pig iron, silicon carbide,
methanol, carbon black, ethylene, coke, and some other products. The volumesafi§dibns in
the sector over the period of 1990023 decreased from 48.28 633 kt (by 87.03 %) due to decrease
of production volumes. Emissions of i the LULUCF occur in very small amounts due to wild-
fires and drainage of organic soils (see Fig. 2.3).
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Fig. 2.3. Methane emissions in Ukraine by sector, kt

2.1.3 Emissions of nitrous oxide

Nitrous oxide emissions in Ukraine in ZY@mounted t®8.45 Mt CO»-eq., which is lower
than in 1990 by #.4 % (4854 Mt CO»-eq.). Compared with 2@2 emissions of nitrous oxide-
creasedy 5.2 %. The largest source of nitrous oxide emissions in Ukraine, as in the previous sub-
missions, is the Agriculture sectoB5.3 % of total nitrous oxide emissions in Z)Emissions from
this sector occur from agricultural soils and the activities of manure management.

The second largest sector by nitrogen oxide emissions is IPPUIsédidéb of the totals in
2023. The key sources of emissions in this sector are production of nitric and adipic acid, as well as
use of nitrous oxide for medical purposes. In the Energy sector emissiof@ b&lla 4 % of share
in total emissions of the gas.

Moreover, NO emissions occur in the Waste sectob 8), as well as small quantities in
LULUCF (0.6 %).
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Fig. 2.4. Nitrous oxide emissions in Ukraine by sector, kt

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

Emissions of HFCs, PFCs, §Rnd NE in Ukraine are noassignificantas other GHG#
terms of volumes in comparison with total GHG emissions¥d df the total emissions in 28R
HFCs emissions are associated with production and maintenance of refrigerators, air conditioner:
use of fire extinguishing systems, foams and aerosols. PFCs emissions are associalieatwvithm
production, and emissions of sulfur hexafluorideith use of gasnsulated higkvoltage switches.
Fig. 2.6 presents the diagram of HFCs, PFCs, and SF6 emissions in IPPU sector. From 1990 to 19
inclusive, theravere no HFCs emissions in the country, until 1996 HFCs were not used under these
categories. Emissions of PFCs and fBF1990 amounted to 211.99 and 0.01 ki&Q. respectively.
The sharp increase in HFCs emissions since 2000 is due to the beginning of intensive use of the
gases in fire extinguishing and foam materials, and ge8fssions to an increased number of gas
insulated highvoltage circuit breakers in operation in electric networks of Ukraine. The sharp in-
crease in HFCs emissions in 202019 after the decreasing trend in 2618016 explains by recov-
ery of economy of Ukraine from previous declines that resulted in growth of import of-&tfcs
tained equipment, but those growth of import stopped in 2020 due to decrease in import of Ukraine
conducted with starting of world pandemia in 2020. The increase of the emissions {80XR4te
associated with growth in HFCs imports in some categories as well as with HFCs that stayed in op
erated equipment.

In 2023, there were no PFCs imports to Ukraine since there was no production need for it.
Thus, PFCs emissions in Z)are zero.

There are no emissions of P&ue to absence of activities related to production of photo
voltaic elements in Ukraine, according to data obtained from the companies that use photovoltai
elements in their production processes.
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Fig. 2.5. Emissions of PFCs, HFCs and iBFUkraine, kt CQ-eq.
2.1.5 Trends in emissions of precursor gases and 50

Fig. 2.6 presents trends for all precursor emissions (nitrogen ogatesn monoxide, non-
methane volatile organic compounds) and sulfur dioxide in-P228. In 1990, more than 9% 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 amounts from wildfires, and in
the Agriculture sector they do not occur at all. The leading pace 0f18i9sion reduction compared
with GHG emissions in the period of 199023 are mainly related with substitution of fuel oaith
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 compared with GHG emissions associated primarily with coal substitution by natural gas
in private households. At the same time, the influence of this factecesitly offset by an increase
in the volume of fuel consumption by road transport, which is the main source of CO emissions in
the Energy sector.

NMVOC emissions are observed in the sectors Energy, IPPU and Agriculture, as well as in
the LULUCF sector in small amounts during biomass burning.
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Fig. 2.6. Precursor and S@missions in Ukraine, kt
2.2 Emission trends by sector

Figure 2.7 and Table 2.2 present GHG emissions and removals in Ukraine by sector for the
time series from 1990 to 282

GHG Emissions and Removals in Ukraine
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Table 2.2. Greenhouse gas emissions in Ukraine by sector (Me@D

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Energy 740.1 675.8 629.3 559.8 472.0 4425 406.5 388.7 376.9 347.0 3217 334.4 315.8
Industrial Processes and Product Usg ~ 117.7 100.9 97.0 78.9 66.9 57.9 56.3 61.8 59.9 62.7 67.2 71.7 74.5
Agriculture 89.6 84.0 78.6 75.1 68.5 62.6 53.5 48.0 435 39.7 36.8 37.6 37.4
LULUCF (removals) -47.9 -55.7 -54.1 -48.1 -49.9 -46.0 -39.6 -33.7 -37.9 -39.9 -33.4 24.9 2256
Waste 16.9 16.9 16.8 16.7 16.4 16.3 16.2 16.0 16.0 15.9 15.9 16.0 16.1
Total (without LULUCF) 964.4 877.6 821.7 730.6 623.7 579.4 532.4 514.6 496.2 4653 441.7 459.8 4438
Total (with LULUCF) 916.5 822.0 767.6 682.5 573.8 533.4 492.9 480.9 458.4 4254 408.3 434.8 4212
;‘ltg' (without LULUCF, with indi- 964.4 877.6 821.7 730.6 623.7 579.4 532.4 514.6 496.2 465.3 4417 459.8 4438
Total (with LULUCF, with indirect) 916.5 822.0 767.6 682.5 573.8 533.4 492.9 480.9 458.4 4254 408.3 434.8 4212
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Energy 325.8 323.7 323.8 337.3 335.5 321.3 282.6 293.5 303.6 296.8 288.2 252.1 215.4
Industrial Processes and Product Use 78.2 81.5 80.9 85.2 92.3 88.8 69.3 75.7 82.4 78.8 73.6 62.8 57.1
Agriculture 33.0 33.7 32.7 32.2 30.1 33.9 32.1 315 35.3 34.2 38.1 38.0 36.2
LULUCF (removals) 32.2 -18.7 182 222 233 -10.4 156 21.0 6.9 -10.7 15 2.7 4.1
Waste 16.2 16.4 16.5 16.6 16.8 16.6 16.4 16.5 16.4 16.3 16.6 16.3 16.1
Total (without LULUCF) 453.1 455.3 453.9 4713 474.8 460.7 400.3 417.2 437.7 426.1 416.5 369.1 324.8
Total (with LULUCF) 420.9 436.5 435.7 449.1 4515 450.3 384.7 396.2 430.8 415.4 418.0 3718 328.9
rTe‘::tf)" (without LULUCF, with indi- 453.1 455.3 453.9 4713 474.8 460.7 400.3 4172 437.7 426.1 4165 369.1 324.8
Total (with LULUCF, with indirect) 420.9 436.5 435.7 449.1 4515 450.3 384.7 396.2 430.8 4154 418.0 3718 328.9
2016 2017 2018 2019 2020 2021 2022 2023
Energy 229.9 222.5 231.4 2245 213.6 215.4 170.4 164.0
Industrial Processes and Product Use 58.9 52.6 57.4 58.9 57.5 60.3 21.6 21.1
Agriculture 38.2 37.3 39.9 40.0 37.7 41.7 32.5 33.0
LULUCF (removals) 6.0 25 71 5.1 155 5.4 157 112
Waste 16.3 16.4 16.3 16.8 16.4 16.1 14.8 14.8
Total (without LULUCF) 3433 328.8 345.0 340.3 325.2 3335 239.2 232.9
Total (with LULUCF) 349.3 326.3 352.1 345.4 309.7 328.1 2235 221.7
L‘Ltg' (without LULUCF, with indi- 343.3 328.8 345.0 340.3 325.2 3335 239.2 232.9
Total (with LULUCF, with indirect) 349.3 326.3 352.1 345.4 309.7 328.1 2235 221.7
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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 1992023 fluctuated within the range of @583.0 % with the LULUCFsec-
tor, and of 64-77.0 % without the LULUCF sector. Decline of emissions in the sector i 20&-
pared to 1990 is 78 % - from 740.11 tal6399 Mt CO»-eq. Compared to 2@2zhe GHG emissions
has decreased I3/7 %.

The largest source of GHG emissions in the Energy secemelg)y industrieswhich ac-
counted for 8.9-44.2 % of total GHG emissions in the sector. Particularly, along with the tendency
of emission reduction in industrial categories, the share of emissions from coal bareimgrgy
generationincreased annually. GHG emissions from transport activity (category 1.A.3) amounted
from 9.9 % t0 16.8 % from Energy sector during the whole time series. The share of GHG emissions
in the category 1. A20Bwds®6:-150%. ReHeton a ensssions imthisl 9 9
category in the recent years is related to reduction ocfugumption in the commercial as well as
residential sectors.t shoul d be noted that in the categ
sions from use of fuels for military purposes, in the period of ZZHB emissions were insignificant
and amounted to around 0.01 %. In 2@D21, the share of emissions frainis category increase to
0.2 % of the total emissions of the Energy sector and to 0.5 % iRZ022

Emissions in category 1.B Fugitive emissioveye .2-31.0% of t ot al sect ¢
In 2023 the share of emissions in the category was %.

The share of emissions in IPPU sector in the period of 12823 ranged from9.5% to
20.4% of the total national GHG emissions, including LULUCF 9d¥ i 19.4% excluding LU-
LUCF). Total GHG emissions in the sector decreased from 117.7 ieGOn 1990 to 208 Mt
COz-eq. in 203, i.e. by 2.1 %.

The largest source of carbon dioxide emissions in this sector is iron, steel, ammonia, cemer
and ferroalloys production. During the period of 12904, there was steel production and export
growth with a simultaneous decrease of volumes of-teamth stel production. The growth of steel
production led to the growth of emissions associated with the technological process, and decrease
openhearth steel productionto reduction of emissions related to energy consumption. The main
factor that caused thacrease in C@emissions in 2002007 was the increase in production vol-
umes. The period of 20e009 is characterized by a sharp decline in production volumes due to the
global economic crisis. As a result of the crisis, Ukrainian producers reduced production voldmes a
started to close down opérearth furnaces, which led to further decrease of emissions associated
with energy consumption, because the liquid oxygen gasification technology gained popularity. At
the same time, reducing iron productiod te transfer of blast furnaces into the idle mode that caused
to the increase of significance of the technological process in the total emissions-202Q09 he
increase in total emissions in 2021 compared to 2020 is associated with a growth imairghestr
duction by Ukrainian enterprises, as well as an increase in imports of industrial products. The de
creaing trend of emissionis 2022and 2023 ompared tpre-2022 periods associated with tHell -
scale invasion of Ukrainky the Russian Federatiowhich led to a deep crisis in the productional
industries, both at the level of producers and consumers, who either completely stopped produc
tion/consumption or significantly reduced it.

The share of Agriculture sector in the total volume of emissions during2@30varied in
the range fron®.7 % to 14.9 % (or 6.31 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 manure shares by MMS; varying amounts of fertilizer and liming materials applied; areas
under certain crops and their productivity.

LULUCF sector is a net sink in 282The value of removals reache$ 8 of the total
emissions in the country in 1999, then gradually decreased to emissioris3inFR@:tuating trend
around netzero continues until 2020 after which net removals are observed

In 2023 net GHG removals arel116 Mt CO2-eq., in the contrast with the removals in 1990
(4790Mt COz-eq.), but in 2012016 and 2012019 emissions up &1 Mt CO»-eq. occurred. Such
dynamic is related to first of all GHG emissions dynamic from mineral soils in Cropland category. In
2023 the emissions a24.55Mt CO»-eg. took place on contrast witl9.21 Mt CO»-eq. of emissions
in 2022. Emissions in 20Rare44.86 Mt CO»-eg. higher, than the level of 1990, when32Mt CO»-
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eg. GHG removals occurred. Such variability in emissions relatestability of volumes of agri-
cultural crop production, change in structure of crops and level of fertilizers applied, especially or-
ganic, between the years.

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
share of GHG emissions in this category had emissionsrfaorenergy peat extraction, resulting in
12.27 Mt CQ-eq., but by 202 the decline in peat production and peat areas reduced the emissions
down to the level of 03AMt COz-eq.

The share of the Waste sector is small, ranged fr@8f0lto 67 % of the total national
emissions. The main source of methane emissions in this sector are municipal solid waste dispos
sites, wastewater and sludge treatment systems, namely WWTP, latrines;dsiudgebeds. The
emissions fluctuation in the sector is related hange in the volumes of waste disposing, insuffi-
ciently treated wastewater, industrial production, number of population and amaoiiected bio-
gas at the large country's tHills. The latter leads to methane recoverfrom 1 to 7 % of theotal
emissions of theector.Thefull-scale invasion of Ukrainey the Russian Federatided to a signif-
icant drop in industrial production, as well as a decrease in the population on the territory of Ukraine
and, accordingly, to a decrease in greenhous
t reat n2022208. i n
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Table 2.2. Greenhouse gas emissions in Ukraine by sector (Me@D

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Energy 740.1 675.8 629.3 559.8 472.0 4425 406.5 388.7 376.9 347.0 3217 334.4 315.8
Industrial Processes and Product Usg ~ 117.7 100.9 97.0 78.9 66.9 57.9 56.3 61.8 59.9 62.7 67.2 71.7 74.5
Agriculture 89.6 84.0 78.6 75.1 68.5 62.6 53.5 48.0 435 39.7 36.8 37.6 37.4
LULUCF (removals) -47.9 -55.7 -54.1 -48.1 -49.9 -46.0 -39.6 -33.7 -37.9 -39.9 -33.4 24.9 2256
Waste 16.9 16.9 16.8 16.7 16.4 16.3 16.2 16.0 16.0 15.9 15.9 16.0 16.1
Total (without LULUCF) 964.4 877.6 821.7 730.6 623.7 579.4 532.4 514.6 496.2 4653 441.7 459.8 4438
Total (with LULUCF) 916.5 822.0 767.6 682.5 573.8 533.4 492.9 480.9 458.4 4254 408.3 434.8 4212
;‘ltg' (without LULUCF, with indi- 964.4 877.6 821.7 730.6 623.7 579.4 532.4 514.6 496.2 465.3 4417 459.8 4438
Total (with LULUCF, with indirect) 916.5 822.0 767.6 682.5 573.8 533.4 492.9 480.9 458.4 4254 408.3 434.8 4212
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Energy 325.8 323.7 323.8 337.3 335.5 321.3 282.6 293.5 303.6 296.8 288.2 252.1 215.4
Industrial Processes and Product Use 78.2 81.5 80.9 85.2 92.3 88.8 69.3 75.7 82.4 78.8 73.6 62.8 57.1
Agriculture 33.0 33.7 32.7 32.2 30.1 33.9 32.1 315 35.3 34.2 38.1 38.0 36.2
LULUCF (removals) 32.2 -18.7 182 222 233 -10.4 156 21.0 6.9 -10.7 15 2.7 4.1
Waste 16.2 16.4 16.5 16.6 16.8 16.6 16.4 16.5 16.4 16.3 16.6 16.3 16.1
Total (without LULUCF) 453.1 455.3 453.9 4713 474.8 460.7 400.3 417.2 437.7 426.1 416.5 369.1 324.8
Total (with LULUCF) 420.9 436.5 435.7 449.1 4515 450.3 384.7 396.2 430.8 415.4 418.0 3718 328.9
rTe‘::tf)" (without LULUCF, with indi- 453.1 455.3 453.9 4713 474.8 460.7 400.3 4172 437.7 426.1 4165 369.1 324.8
Total (with LULUCF, with indirect) 420.9 436.5 435.7 449.1 4515 450.3 384.7 396.2 430.8 4154 418.0 3718 328.9
2016 2017 2018 2019 2020 2021 2022 2023
Energy 229.9 222.5 231.4 2245 213.6 215.4 170.4 164.0
Industrial Processes and Product Use 58.9 52.6 57.4 58.9 57.5 60.3 21.6 21.1
Agriculture 38.2 37.3 39.9 40.0 37.7 41.7 32.5 33.0
LULUCF (removals) 6.0 25 71 5.1 155 5.4 157 112
Waste 16.3 16.4 16.3 16.8 16.4 16.1 14.8 14.8
Total (without LULUCF) 343.3 328.8 345.0 340.3 325.2 3335 239.2 232.9
Total (with LULUCF) 349.3 326.3 352.1 345.4 309.7 328.1 2235 221.7
L‘Ltg' (without LULUCF, with indi- 343.3 328.8 345.0 340.3 325.2 3335 239.2 232.9
Total (with LULUCF, with indirect) 349.3 326.3 352.1 345.4 309.7 328.1 2235 221.7
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Fig. 3.1.GHG emissions in the "Energy" sector, 192023

In 2023, approximately 74% of emissions in the sector accounted for emissions in cate-

gory 1. A AFuel
Fueil25.8% (Table 3.1).

Table 3.1. GHG emissions»eqn t he
Category 1990 | 1995 | 2000 | 2005 | 2010 | 2012
1 Energy total, including: 740.11| 442.52| 321.72| 323.83| 293.50| 296.80

2018 | 2019 | 2020 | 2021 | 2022 | 2023
231.39| 224.54| 213.64| 215.39| 170.36| 163.99
1.A Fuel Combustion Activities 1990 | 1995 | 2000 | 2005 | 2010 | 2012
597.76| 335.24| 222.05| 239.34| 223.60| 232.50
2018 | 2019 | 2020 | 2021 | 2022 | 2023
180.49| 171.14| 157.45] 159.26| 124.82| 121.63
1.B Fugitive Emissions from Fuels| 1990 | 1995 | 2000 | 2005 | 2010 | 2012
142.35| 107.28| 99.66 | 84.49 | 69.89 | 64.30
2018 | 2019 | 2020 | 2021 | 2022 | 2023
50.90 | 53.40 | 56.19 | 56.13 | 45.54 | 42.36
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The dynamics of GHG emissions i n-20@3werei En
diverse on certain parts of the time series.

In 19901993 GHG emissions were gradually and rapidly reducing, which is due to the in-
ertia of the collapse of the Ukrainian SSR economy and of the Soviet Union as a whole.

In 1994, there was the greatest reduction of GHG emissitnysl5.7% compared to the
previous year 1993, followed by a slowdown of annual reductions till 2000, inclusive. This period is
characterized by a sharp reduction in production capacity and idle periods for enterprises, as well
gradual i a gi n gapitalahd the hagonal infréatrscture.i a |

In the period of 200@007, there was a slight increase of GHG emissions along with a faster
rate of capacity buildup in the production sector. Over the reporting period, GHG emissions increase
by 7.1%, due to a number of maa@oonomic, political, admistrative, and social factors. Among
the key reasons, the following should be noted: opening of new international markets with tough
competition, political and economic measures to improve energy efficiency in the energy sector ir
Ukraine, international ecmmic and personnel cooperation on energy efficiency and energy saving,
energy price trends, transition 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-porduction sector mostly, as well as the situ-
ation in the global markets of energtensive products (e.g. metallyy), and the policy of natural
gas substitution with coal by introducing the pulverized coal injection technology.

Recent years are characterizeddmneral decline in industrial production aggravated by
COVID epidemic and war, and corresponding reduce of production and GHG emissions in the energ
sector.

3.2 Fuel Combustion Activities (CRT 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 held with the sectoral approach.

In 2023, emissions from fuel combustion amounted to 121,63 Mt efeQCand decreased
as compared to 1990 by 79.65%, compared to 2022 emissions decreasedby 2,55

More detailed information is presented in Fig. 3.2.
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Fig. 3.2.GHGe mi ssi ons in category 1. A AFuel
(sectoral approach, kt Geq.), 19962023
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The

accounted for 45.6% of all emissions

key

source of

greenhouse

gases

S ca

in the category and in 202%0.41%; the share of

1.A2iManufacturing l ndustries and Construct.i
1LABATranspd®drao®% and 22.18%, r esp¥da%andelB.6rdp, 1.
respectivel vy, the contribution of 1. A.5 nOt
0.72% (according to Table 3.2).
Table 3.2. GHG emissions in categoxeg. 1. A
Category 1990 | 1995 | 2000 | 2005 | 2010 | 2012 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
1.A Fuel Com-
Eg:t;g{‘afﬁ"" 597.76| 335.24| 222.05| 239.34| 223.61| 232.50| 180.49| 171.14| 157.47| 159.26 | 124.82| 121.63
cluding:
}ﬁﬁﬁitﬁggrgy 272.63| 194.68| 115.76| 120.76| 121.38| 131.17| 98.72 | 92.19 | 86.37 | 85.21 | 69.01 | 61.32
1.A.2 Manu-
facturing In- | 114 55| 2499 | 31.23 | 36.79 | 22.60 | 22.92 | 18.40 | 18.61 | 19.82 | 21.01 | 13.24 | 15.84
dustries and
Construction
LA3 111.43| 49.05 | 34.44 | 39.09 | 40.10 | 39.25 | 34.87 | 37.63 | 31.73 | 33.57 | 27.20 | 26.97
Transport
i‘eAc't‘;rgther 102.34| 66.45 | 4057 | 42.61 | 39.51 | 38.03 | 28.02 | 22.35 | 19.08 | 19.08 | 14.50 | 16.63
1.A.5 Other 0.11 | 0.06 | 0.06 | 0.08 | 003 | 0.12 | 048 | 0.36 | 0.45 | 0.38 | 0.87 | 0.87

Changes in the structure of emissions from fuel combustion in the period 620290y
IPCC categories are presented in the diagram (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].

66

(



' I N} AySQa DineriowyH®@®RS DI &

The emission factors 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 asetfage for Ukraine as a
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 neenergy use of fuels according to foraMA'P was withdrawn.

Due to the fact that emissions from use of coke 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 tleaeapes the carbon contained in coke
and natural gas used for the processes above was defined as withdrawn (stored) carbon.

For 2023 the information on production, imports, exports and carbon excluded is available
from appropriate statistical forms and from enterprises but the information on stock change is not
available because of absence of the forM#P and IEA questionnaas for 2023.

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

CO2 emissions determined I . . .
Year using the reference ap- CO:z emissions determined using|Discrepancy between sectoral and
the sectoral approach, Mt reference approaches, %
proach, 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
2022 125.44 123.11 1.90
2023 114,09 120.18 -5.07

3.2.2 International Bunker Fuels (CRT category 1.D.1)

3.2.2.1 International Aviation (CRT category 1.D.1.a)
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The approach applied to distribution of GHG emissions betdesrestic and international
aviation is consistent with the approach described in [1]. Emissions from international aviation in-
clude emissions from aircraft operations where the departure or destination airports are located ou
side Ukraine. For more detaits the technique of estimating GHG emissions from air transport, as
well as the input data, see Annex A2.7.

In 2022 (with the exception of January and February) and 2023 flights of domestic aviation
were forbidden due to tHall-scale invasion of Ukrain&or trends on GHG emissions from domestic
and international aviation see Fig. 3.9.

3.2.2.2 International Waterway Navigation (CRT 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 co
sumption of fuels by water transport (fors'P) and the seaansport cargo turnover (coastal/in-
ternational transportation) plus the river one (domestic/foreign traffie2 916

The distribution of fuels for international transportation was performed based on the for-
mula:

"Obgggs 00 Qggs (3.1)
Where:
FC1.4.10iS consumption of fuels by international waterway transport (gasoil, fuel oil), tons;
FCiso-consumption of fuels by TEA H50 AWater T
oil), tons;
K1.d.1.6- 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 transport, thd tons;
PSnt is the volume of cargo transportation by international sea transport, thd tons;
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 yearboeR8][16

The correlation between cargo turnover and GHG emissions for international navigation is
presented in fig. A.3.4.

The method used for estimating the emissions corresponds to Tier 2fenm@3ions from
diesel combustion and Tieri Ifor fuel oil and norCO, gases in accordance with [1].

Because of absence of necessary statistical information for&@8&3emissions from inter-
national water transport in 2023 are assumed to be equal to emissions in 2022.

GHG emissions from international water transport in 2023 amounted to 7,24 ke-@&gGO
which is220.69 times lower than in 199BHG emissions from domestic and international navigation
for 19902023 are presented in the Fig.3.11.

The correlation between cargo turnover and GHG emissignesgnted in the Fig.3.4.
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Fig 3.4The correlation between cargo turnover and GHG emissions for international navigation

3.2.2.3 Categoryspecific recalculations

No recalculations were performed in the category

3.2.3 Use of fuels as a raw material and neenergy use of fuels

Emissionsic at egory 1. A AFuel Combustion Actiywv
bustion for heat and electricity production in industrial processes, transportation, etc. However, fue
is also used for neanergy needs (for example, as solvents, lubricantsastieedstock for ammonia,
rubber, plastic production, etc.; as a reducing aigeake in the blast furnaces). Emissions from-non
energy fuel use are present edcategories: he sector
2. B. 1 AAmmo n i aatuRlrgasdaaawimaterial in production of ammonia;

2. C. 1 fAlron an dnoddnergy luse Bf cakelin mraduction @f pig iron in the blast
furnace process;

2. C. 2 fAFerr oallcbke iy prodéctioa df tercotllioys;n 6

2B8iPetrochemi cal and iCcaal ravonmaterillfoaaarkon Blaclkpdoduction; o n
2. D. 1 #ALubirnbnerergy use oballse 0

2. D. 2 nPar aifnbrienergyMseof parmféndn manufacture of industrial products.

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 was used for rmergy 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 natural gas
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 of GHG emis-
sions in category 1. A fAFuel Combustion Actiywv

3. 2. Aequegtration
Ukraine does not conduct sequestration ob @eased during combustion of carboom-

taining fuels for longerm storage purposes, for example, in geological formations. For this reason,
no estimation of the volume of sequesteredC t he AENner gyo sector we
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3. 2. femissipns from biomass

In accordance with [1], C£emissions from combustion of biomass for energy purposes

were not included into the total emi ssi ons
reference data. Emissions of £&hd NO from biomass for energy purposes are accounted for in
category 1. A AiEnergy I ndustrieso.

In the emission calculations, biomass includes charcoal, firewood, briquettes 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 emission factors are
presented in Annex A2.

3.2.6 National features

National characteristics of energy statistics of Ukraine, as well as changes in its structure
during the period of 1990023, are described in Annexes AA2.2 and form the basis for pro-
cessing of input data within the current GHG inventory.

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

3.2.7.1 Category Description

I n 2023, emissions in category 1. A.2eq.,AiEn:e
and decreased by 77.5d compared with the baseline 1990 (see Table 3.4); they decreased by
11.15% compared to 2022.

Table 3.4GHG emi ssions in the categoraegl. A. 1

Emission category | 1990 | 1995 | 2000 | 2005 | 2010 | 2012 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

1.¢.1 Energy

total 272.63 | 194.68| 115.76| 120.76| 121.38| 131.17| 98.72 | 92.19 | 86.37 | 85.21 | 69.01 | 61.32

1.A.1.a Electricity and

. 255.47 | 187.72| 108.05| 111.55| 111.71| 123.03| 93.54 87.80 82.07 80.92 | 65.59 58.53
Heat Production

1.A.1.b Petroleum Refin-

ing 6.36 1.88 1.40 1.23 0.87 0.57 0.37 0.35 0.39 0.42 0.19 0

1.A.1.c Manufacture of

Solid Fueland Other En- | 10.80 5.09 6.31 7.98 8.80 7.58 4.81 4.04 3.92 3.87 3.23 2.79
ergy Industries

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

This category includes emissions from stationary fuel combustion in producttectdic-
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 the balanc
sheet of other companies, thus without changing the aettlahological components they were ac-
counted for in other types of economic activities, so with the view of harmonizing the time series
category 1. A.1.a AEl ectricity and Heat Produ

I n the category MAEl ectricity and Heat Pr
58.53 Mt of CQ-eq., having decreased with respect to 2022 by 19%,7énd decreased by 77.99
compared with the baseline 1990.

GHG emissions in category 1.A.1.a by fuels groups are presented in Fig. 3.5
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It should be noted that during recent yearsgbecific fuel consumption (GHG emissions
per MWh electricity produced) has the value of 1.0 e E@MWh and even higher because all TPPs
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blocks are older than 460 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 (CRT category 1.A.1.b)

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

In this category there was no activity data for 2023.

3.2.7.1.3 Manufacture of Solid Fuels and Other Energy Industries (CRT 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 generation of heat and power).

Emissions in this category in 2023 amounted to 2.79 Mt af€&Dwhich is 11.436 lower
than the same indicator in 2022 and 79®Bbwer than the baseline 1990.

3.2.7.2 Methodological Issues

GHG emissions from fossil fuel combustion 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 Ukrainesecton A2.1, emission factoiisin section
A2.5, summary data on use of fuels in Ukraine in 2028section A2.9. National circumstances for
2014- 2023 are provided in Annex A2.10.

Because of absence of some statistical information for 2@28issing data for GHG emis-
sions estimation in 2023 were calculated on the basis of 2022 data using such drivers as electr
energy, heat and refinery production.

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

GHG emissions from coal combustion at the TPPs were estimated based on the methodo
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 combustedetsgrmined for
the period 1992023, see Annex A2.6.2.

Ot her fuels consumed in subcategories ARAE
Power Generationo (ii), and fAHeat Plantso (i
Annex A2.2.

Due to the fact that the national statistics for 22907 does not make it possible to dis-
aggregate data on fuel consumption into thesut egor i es fAEl ectricity
Heat and Power Generationo qiiin ,t hedc ditHeq@d r W
Heat Producti ono wer e-categdriesfbrtlisgperigdr egat ed by t

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 ant toPlier 2; for other
fuelsi to Tier 1.

Calculation of emissions of neDO; 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 origin at waste incineration
plants were taken into account. £€missions from combustion of biogenic waste at incineration
plants are separately presented as burning of biomass in accordance with [1].
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3.2.7.2.2 Petroleum Refining (CRT category 1.A.1.b)

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 of fuel in this ®altegory up to 2016 (see A.2.2) are based on the
total fuel consumption for orefining by fuels under form XMTP. GHG estimations for the period
20162022 were carried out by surrogate method on the basis of IEA data on refinery intake. In this
category there was no activity data for 2023.

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 (CRT cate-
gory 1.A.1.c)

This category includes all GHG emissions from use of solid fuel production 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 fo
nonCO, gases to Tier 1.

GHG emissions from coal bed methane recovery were estimated accorthegetpuation
5.2, Volume 1, Chapter @A]. The input data on coal bed methane recovery up to 2012 are shown in
the table 3.19. GHG emissions from coal bed methane for the perioe2@@33vere 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.

Table 3.5. Uncertainties of activity dat
dustrieso
. . Uncertainties of emissions factors, %
Type of fuel Uncertainty of activity data, % COn CHq N2O
Liguid fuel 8.43 2 150 500
Solid fuel 8.99 5 150 500
Gaseous fuel 6.44 5 150 500
Other types of fuels 46.67 5 150 500
Biomass 45.30 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%.91

The most significant impact on the overall uncertainty of GHG emission estimation in this
category is produced by G@ mi ssi on esti mation uncertainty
Pr o d u t thdé 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 data on fuel consumption according to forms of statistical repeoNing 4
and 1IMTP for 20102015;
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comparison of data on coal consumption for the period of-20Q3 obtained from pub-
lic power stations, with statistics. The average discrepancy for the specified period is @odut 1
more conservative value was used for calculation;

in collaborationwittSSSWb s s peci ali sts, analysis of
the source data for GHG emission calculation was conducted;

balance sheets for various types 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.

3.2.8 Manufacturing Industries and Construction (CRT 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, construction, and extraction oenengy materials.

I n 2023, emi ssi ons i n category 1. A.2 A
amounted to 15.84 Mt of G&eq., and decreased by 85%6compared with 1990 (see Table 3.6).
Compared with 2022 emissions increased by 1%64

Table 3.6. GHG emissions in category 1. A
Mt of COr-eq.

Emission category 1990 1995 | 2000 | 2005 | 2010 | 2012 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

1.A.2 Manufacturing Indus-

triesand Construction total,| 111.25 | 24.99 | 31.23| 36.79 | 22.60| 22.92| 18.40| 18.60| 19.82 | 21.01 | 13.24 | 15.84
including:

1.A.2.a Iron and Steel 5535 | 15.39| 25.19 | 24.59| 13.42| 13.92| 10.17| 10.60| 11.06] 11.38| 7.17 | 7.53
1.A.2.b NoFerrous Metals| 0.65 | 0.61 | 047 | 0.67 | 063 | 0.36 | 0.90 | 0.84 | 0.84 | 0.93 | 059 | 0.62
1.A.2.c Chemicals 352 | 157 | 0.79 | 1.11 | 0.82 | 0.99 | 0.56 | 0.49 | 0.38 | 0.41 | 0.26 | 031
é‘riAn'tz'd Pulp, Paperand | 414 | 920 | 0.01 | 005 | 0.04 | 005 | 0.05 | 0.04 | 0.05| 0.05 | 0.03 | 0.04

1.A.2.e Food Processing,

3.64 242 | 090 | 083 | 058 | 063 | 058 | 052 | 0.53 | 0.58 | 0.37 | 0.45
Beverages, and Tobacco

1.A.2.f NonMetal Minerals | 16.10 261 | 229 | 583 | 427 | 407 | 362 | 3.98 | 431 | 474 | 2.99 4.2

1.A.2.g Other Industries 31.85 220 | 156 | 3.72 | 284 | 290 | 251 | 213 | 265 | 2.92 | 1.84 2.7

Changes in the structure of emissions from fuel combustion in the period 620290y
category 1.A.2 are presented in the diagram (Fig. 3.7)
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Emissions that result from use of fossil fuels or their processing products as raw materials
or chemical reagents are recorded in CRT sec
from technological (energy and nenergy components) use of natugas for the purpose of pro-
duction of ammonia, as well as coke for recovery of iron ore, since iron, steel and ammonia produc
tion processes [5, 6] in Ukraine are characterized by use of fuel resource data directly in the produc
tion borders of enterprised the types and therefore, in accordance, with [1].

Consumption of different types of fuel changed over the time series for a number of reasons
sharp changes in prices for specific types of fuel, an increase in the relative consumption of LPG,
general decline in industry.

Because of absence of some statistical information for 2@2&issing data for GHG emis-
sions estimation in 2023 were calculated on the basis of 2022 data using such drivers as productic
of pig iron and general industrial production.

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

In accordance to 2006 IPCC Guidelines [1], emissions from energy areheogy use of
coke in the blast furnace process for iron production were accounted in the "IPPU" sector.

In 2023, GHG emissions in this category amounted to 7.53 Mt efe@Qwhich is 5.0 %
higher than the same indicator in 2022 and 86638wer than in 1990.

3.2.8.1.2 NorFerrous Metals (CRT 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 fuel resource consumption. However, the sector is characterized by highe
energy intensity.

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

Production of primargluminiumin Ukraine stopped in May 2010. However, GHG emission
trends i n t heFecratoeugso rMe toafl siONower e not i mpact e
tric power at enterprises producialyminiumwas power plants.
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In 2023, GHG emissions amounted to 0.62 Mt ob@€@, increased by 5.26 compared to
2022 and 5.9% lower than in 1990.

3.2.8.1.3 Chemicals (CRTategory 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 indisaityiral gas used for production
of ammonia is accounted for in IPPU according to [1].

In 2023, GHG emissions in thimtegory amounted to 0.31 Mt of €€q., which is 18 %
higher than the same indicator in 2022 andl1times lower than in 1990.

3.2.8.1.4 Pulp, Paper, and Print (CRT 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 productio
needs.

Due to the fact that pulp, paper, and printing industries in 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 vegute ps well as transferred to other
enterprises.

In 2023, GHG emissions in this category amounted to 0.04 Mt efd@Q which is 18 %
higher than the same indicator in 2022 artb3imes lower than in 1990.

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

I n category 1. A.2.e AFood Processing, Be
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 isdastneell as the beverage
industry.

In 2023, GHG emissions in this category amounted to 0.45 Mt efd@Q which is 23.46
higher than the same indicator in 2022 and 8.05 times lower than in 1990.

3.2.8.1.6 NonMetal Minerals (CRT category 1.A.2.f)

This category includes GHG emissions from use of fuels for production of glass products,
materials for construction and other Armetal materials.

In 2023, GHG emissions in this category amounted to 4.2 Mt efe€Q which is 40.%
lower than the same indicator in 2022 and 3.85 times lower than in 1990.

3.2.8.1.7 Other Industries (CRT category 1.A.2.9)

These industries include emissions from use of fuels for production of industrial products by
the Ukrainian enterprises not covered in categories 1.A124a2.f namely: construction, machinery,
wood products, furniture, electronics, textiles, and so on.

In 2023, GHG emissions in this category amounted to 2.7 Mt efe€Q which is 42 %
higher than the same indicator in 2022 and 11.78 times lower than in 1990.

3.2.8.2 Methodological 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
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the statistical reporting form-MITP. National circumstances for 202023 are provided in Annex
A2.10.

Because of absence of some statistical information for @2®issing data for GHG emis-
sions estimation in 2023 were calculated on the basis of 2022 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 3.7.

Table 3. 7. Uncertainties of activity dat
turing Industries and Constructiono
. . Uncertainties of emissions factors, %
Type of fuel Uncertainty of activity data, % CO, CHa N2O
Liquid fuel 10.89 2 150 500
Solid fuel 14.66 5 150 500
Gaseous fuel 12.36 5 150 500
Other types of fuels 30.22 5 150 500
Biomass 30.14 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%.64

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 was held together 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 (CRT category 1.A.3)

3.2.9.1 Category Description

Category 1. A.3 ATransporto includes emi:¢
transport in Ukraine.

Il n 2023, emissions in category 1>e§4.CBm-ATr
pared to 1990, emissions decreased by 7%,/@ the previous 2023lower by 0.83%.

The | argest contribution into GHG emi ssi
made by emissions in categories 1.A.3.b ARoa
t 1 0 A5005% and 22.8%%4, respectively (see Table 3.8).

Table 3.8. GHG emissions in»>»>egategory 1. A
Emission category [ 1990 | 1995 [ 2000 [ 2005 | 2010 | 2012 | 2019 | 2020 [ 2021 | 2022 | 2023

LA3Transportto- | 114 43| 4905 | 34.44 | 39.09 | 40.10 | 39.25 | 37.63 | 31.73 | 3357 | 27.20 | 26.97
tal, including:
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Emission category | 1990 1995 | 2000 | 2005 | 2010 | 2012 | 2019 | 2020 2021 2022 | 2023

tlig;'s'a CvilAvia- | 68 | 011 | 007 | 020 | 017 | 020 | 018 | 016 | 019 | 003 | 0.00
%Qisoftoad 6127 | 20.70 | 15.76 | 22.13 | 28.85 | 29.07 | 26.63 | 23.35 | 24.96 | 20.71 | 2024
TA3.cRailways | 379 | 130 | 1.37 | 0.87 | 054 | 038 | 053 | 042 | 042 | 044 | 056
1.A.3.dWaterway

Transort 327 | 043 | 020 | 020 | 010 | 008 | 008 | 008 | 008 | 001 | 001
1.A.3.e Other types
of transport

4243 | 26.51 | 17.04 | 1569 | 1043 | 9.53 1016 | 7.71 7.92 6.00 6.16

Changes in the structure of emissions from fuel combustion in the perid®02023 in

category 1.A.3 are presented in the diagram (Fig. 3.8).
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Fig.3.8. Changes in the structure of emissions from fuel combustion in category
1LA3BATranggport o,

3.2.9.2 Methodological Issues

Activity data of fuel consumption by CRT category at mobile fuel combustion for 2023 are
presented in Table A2.3.

Because of absence of some statistical information for 2023 the ndssangere calculated
on the basis of 2022 data using such drivers as import and export of fuels for catedoBi¢sand
1.A.3.e.ii, quantity of transported cargo and passerfgersategoryl.A.3.c.For categoryl.A.3.e.i
the calculation was carried out on the basi
system operator.

3.2.9.2.1 Civil Aviation (CRTcat egory 1. ¢. 3. Q)

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

Emission estimation was conducted separately for aircraft which use jet fuel and those
equipped with piston engines, in which aviation gasoline is used.
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For more details on the technique of estimating GHG emissions from air transport, as well
as the raw data, see Annex A2.7.
In 2022 (with the exception of January and February) and 2023 flights of domestic aviation
were forbidden due to tHall-scale invasion of Ukrain&or trends on GHG emissions from domestic
and international aviation see Fig. 3.9.
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Fig. 3.9. GHG emissions from domestic amigrnational aviation, 1992023

Estimation of CQemissions from jet kerosene was held under the method corresponding to
Tier 3; of CHiand NO T Tier 2; from aviation gasolingé to Tier 1, in accordance wifi]. The
departure database (DDB) was providedstgte enterprise of air traffic services of Ukraine.

3.2.9.2.2 Road Transportation (CRT cat

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

Il n category 1. A.3.b ARoad Transporto, GH
COp-eq., which is 2,286 lower than the same indicator in 2022, and decreased by%G;8fpared
with 1990.GHG emissions, as well as their structure by fuels used are presented in Fig. 3.10.
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Emissions in the category for the entire time series of ‘P23 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 through the network of petrol stations-28$ taking into account the analytical
study [14] using the national EFs for gasoline, diesel and LPG which corresponds to Tier 2 for CO
emissions and using Tier 1 for other gases according to [1]. More details on the methodological as
pects used in the cataggs are described in Annex A2.4.2 and A2.6.3.

Due to thechanges in the form-MITP in 2016 the fuel volumes for 20162023 were cal-
culated by surrogate method on the basis of 2015 and the IEA data on consumption of gasoline, dies
oil and LPG, so the time series consistency is ensured.

National circumstances for 2012023 are provided in Annex A2.10.

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

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

In 2023, emissions in the category amounted to 0.56 Mt ef&€Q which is 25.7% higher
than in 2022, and to the baseline 193fkcreased by 6.8 times.

Emissions in this category were evaluated using the procedure described in Annex 2.4. Thi
method for estimating emissions corresponds to Tier 2 foréd@ssions from diesel combustion
and tier 21 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 demandréght transportation.

National circumstances for 2012023 are provided in Annex A2.10.

3.2.9.2.4 Navigation (CRT category 1. ¢
This category includes emissions from combustion 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.
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GHG emissions from bunker fuels used for sea transport are not included in the total emis:
sions and are considered as reference data.

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

‘Obggg 00 Qggs; (3.3)
Where:
FCi.a3.4is consumption of fuels by domestic watervinsport (gasoil, fuel oil), tons;
FCwso-consumption of fuels by TEA H50 AWater T
oil), tons;
ki.a.3.d - the factor of fuel distribution into coastal transportation, in relative terms, which is defined
by the following expression:
Qggg — (3.4)

Where:
PR, isthe volume of cargo transportation by domestic river transport, 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 were taken from statistical yearboeR8][16

In 2023, emissions in category amounted to 13,86 kt ef€e@vhich is the same as in 2022
and to the baseline 1990having decreased by 235.6 timeSHG emissions from domestic and
international navigation for 19972023 are presented in the Fig.3.11.
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Fig. 3.11. GHG emissions from domestic and international navigation; 2%

The correlation between cargo turnover and GHG emissions for domestic navigpten is
sented in the Fig.3.12.
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Fig. 3.12The correlation between cargo turnover and GHG emissions for domestic naviga-
tion

The fluctuations in navigation were due to fluctuations in national economy. National cir-
cumstances for 20122023 are 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 activitifsrofd vehicles.

Pipeline Transportation (CRT category 1.A.3.elihis subcategory includes emissions
from combustion of natural gas by drives of gas pumping units of gas mains. The volume of this ga
was determined according to data of the SC i
gas transmission systerparator.

In 2023, emissions in the sulategory amounted to 0.52 Mt of &€q., having decreased
with respect to 2022 by 33.48 and to the baseline 199@lecreased by 17.95 times.

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

Off-Road Transport (CRT category 1.A.3.eihis category includes emissions from fuel
combustion in the drives of the-salled inhouse transport of all sectors of the economyhdase
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 work, regardless of the sectors of the economy ir
which they are used.

In 2023 emissions in the swategory amounted to 5.12 Mt of &€q., which is 7.9%6
higher than the same indicator in 2022, and to the baseling I88fieaseth 5.96 times.

Estimation of CQemissions 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 other greenhouse gases.

Due to the changes in the forriTP in 2016 theDff-Road Transport fuel volumes were
calculated by surrogate method on the basis of 2015 and the IEA data on consumption of gasolin
diesel oil and LPG, so the time series consistency is ensured. National circumstancesf2023814
are provided in AnneA2.10.

3.2.9.3. Uncertainties and Time Series Consistency
Uncertainties of activity data and emission factors are present in Table 3.9.
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Table 3.9. Uncertainties of actiwvit dat .
Type of fuel Uncertainty of activ- Uncertainties of emissions factors%
ity data, % CO2 CH4 N20
Liquid fuel 17.56 4.9 15.46 10.95

Estimated total GHG emission uncertainty in this category is%7.1

The most significant impact on the overall uncertainty of GHG emission estimation in this
category is produced by GG mi ssi on estimation wuncertaint
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 original data for GHG emission calculation was conducted togethe
with the SSSUspecialists.

Met hodol ogy i ssues in category 1. A.3.b #fl
perts from SE fADerzhavtotransNDIprojecto.

3.2.9.5 Categoryspecific Recalculations

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 (CRT category 1.A.4)

3.2.10.1 Category Description

Il n 2023, GHG emissions in cat €6&amMyofdQ- A. 4
eg., in comparison with the baseline 1990 decreased by 83.¢bmpared to 2022 increased by
14.67%. The key source of emissions in 2022 is-esudbt egory 1. A. 4. b HfAResiI
accounted for approximately 948 of the total emissions (see Table 3.10).

Table 3.10. GHG emissions in cocagt egory 1.,
Emission category 1990 1995 | 2000| 2005 | 2010| 2014| 2017 | 2018| 2019 2020 | 2021 | 2022 | 2023
1.A.4 Other Sectors total, includin|102.34 66.45| 40.57| 42.61| 39.50| 32.76| 30.81| 28.02| 22.35| 19.08| 19.08| 14.50| 16.63

éﬁéé‘fCommerc'a'””sut”“o”a' 38.73| 23.83| 6.54 | 465 | 273 | 1.66 | 2.88 | 252 | 2.15 | 0.66 | 0.66 | 0.50 | 0.57

1.A.4.b Residential Sector 59.78| 41.63| 33.86| 37.78| 36.56| 30.80| 27.50| 25.11| 19.87| 18.06| 18.06| 13.72| 15.78

1.A.4.c Agriculture/Forestry/Fish-| 5 g3 | 99 | 016 | 0.18 | 021 | 030 | 042 | 039 | 033 | 0.37 | 037 | 0.28 | 0.27
ery/Fishing

The significant decreasing of emissions in the Commercial/Institutional and Residential se
tors during 1992000 is due to the collapse of the USSR, need to save energy and decrease of poy
ulation. Then the fluctuations are connected with economic crisis and migration and decline of pop
ulation. The significant decreasing of emissions in 2022, 28238ue to thdull-scale invasion of
Ukraine

Changes in the structure of emissions from fuel combustion in category 1.A.4 are presentec
in the diagram (Fig. 3.13).

83



1IN AYSQ& DINBrfoyyAB@ERS DI &

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
O d N M T OMN~NMNVWOODO TN MTLLL ON~ND0DODOANMSTW ON~NWOWMO O -
DD DD DDDODODNDOO0OO0O0OO0OOO0O0O0O0 ddddddddd o NN
R R R R o R ReReReBeReReBeReReRe R R-Ro-R-R-R-R-R-E-R-E=-E=)
™ e e e NN AN AN AN AN ANANNNNNNNNNNNNNNN
uC

ommercial/lnstitutional Sector ® Residential Sector = Agriculture/Forestry/Fishery/Fishing

202 2 e ——
20023 —

Fig. 3.13. Changes in the structure of emis
Sectorso, %
Changes in the structure of fuel consump

are presented in the diagram (Fig. 3.14).

100% =
90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

5538

S W O~ 0 o O

i ™ 0 O r~
- - —
o o o O o

99

S W O~ N < [ee]
o O O O - - -
o O O O o o

N N N N

m Liquid fuels ®Solid fuels = Gaseous fuels m Other fossil = Peat = Biomass

20021 0 S
20020
200221
20022
2023 I

O I N ™M

DYDY DD o O

[ BN RN N B B R O RN B o) B o O o

D I B T B B R B B B OV A o N N N N N AN N N N N N N

Fig. 3.14. Changes in the structure of fuel

3.2.10.2Methodological Issues

Emissions related to fuel combustion were evaluated using the procedure described in Anne
2. National circumstances for 2012023 are provided in Annex A2.10.

Because of absence of appropriate statistical inform&id® emissions in 2023 in these
categories were calculated on the basis of fuel consuming and the volume of product productiol
available from public sources.
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3.2.10.2.1 Commercial/lnstitutional Sector (category 1.A.4.a)

The GHG emissions were estimated on the basis of data on the amount of fuel burned use
for own needs by the business sector and public administration bodies, which includes activities of
hotels and restaurants, financial institutions, governmental bediesation facilities, etc. A de-
tailed algorithm of source data determination is presented in Annex A2.

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.b ARoad Transporto. A det asiplessaed alAmnexr i t
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 agriculture, 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 amanission factors are present in Table 3.11.

Table 3.11. Uncertainties of activity dat
tor so

el ) £ activity d . Uncertainties of emissions factors, %

Type of fue Uncertainty of activity data, % CO, CHq N2O
Liquid fuel 8.04 2 150 500
Solid fuel 12.39 5 150 500
Gaseous fuel 11.06 5 150 500
Other types of fuels 30.00 5 150 500
Biomass 30.39 5 150 500

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

Estimated total GHG emission uncertainty in this category is 11.85%.

The most significant impact on the overall uncertainty of emissions in this category is pro-
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 housénolds.

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 'sligtecia
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 (CRT category 1.A.5)

3.2.11.1 Category Description

This category includes GHG emissions from sources not included in the other categories. Ir
2022, GHG emissions in category 1. A.5 #pfddnspe
which is the same as in 2022 and to the baseline iL88eased by 8.2 times (see Table 3.12).

Table 3.12. Greenhouse gas emi ssi oneq.in
Category | 1990 | 1995 | 2000 | 2005 | 2010 | 2014 | 2017
105.92| 57.26 | 59.00 | 84.42 | 31.60 | 397.68| 533.70
1. ¢. 5 2018 | 2019 | 2020 | 2021 | 2022 | 2023
475.57]| 360.12| 449.53| 384.43| 872.75| 872.75

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

2. Category 1. A.5 @Uns enassions from dise Gfduele pyahe iAensdd
Forces of Ukraine.

3.2.11.3 Uncertainties and Time Series Consistency

Uncertainties of activity data and emission factors are present in Table 3.13.

Table 3.13. Uncertainties of activity data and emiséiamct or s i n categor
fied Categori esao
Uncertainty of activity Uncertainties of emissions factors, %
Type of fuel data, % COs CHa N:O
Liquid fuel 50 2 150 500

Estimated total GHG emission uncertainty in this category is 48.89
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 (CRT category 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. I nt 2V 3Emim3 siso M3 sf |
counted for 42.36 Mt of C&£eq., and decreased by 7024ompared to 1990. From 2022, emissions
in this category have decreased by 6.9B%re detailed information is presented in Fig. 3.15
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Table 3.14. Emissions in category 1.B "Fugitive Emissions from Fuels”, MteGO

Em'ssggcate' 1990 | 1995 | 2000 | 2005 | 2011 | 2014 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

1.B Fugitive
Emissions from

.1 142.35| 107.28| 99.66 | 84.50| 70.23| 53.44| 47.88| 50.90| 53.40| 56.19| 56.13| 45.54| 42.36
fuels (total), in-

cluding:

1.B.1 Solid

fels 69.81 | 42.82 | 36.88| 29.02| 26.52| 20.86| 14.54| 14.68| 14.17| 12.22| 12.48| 12.39| 12.44
1B.20illand | o, 5/ | 6446 | 62.78| 55.47| 43.70| 32.54| 33.35| 36.22| 30.23| 43.97| 43.64| 33.15| 29.92
Natural Gas

3.3.1 Solid Fuels (CRT 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 (CRT category 1.B.1.a)

3.3.1.2.1 Underground Mines

In order to improve accuracy of GH@&mission 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 methanemissions at Ukrainian mines was carried out based on results of measuring the actue
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 t®[TIjer

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 20@2erpolation based on 2000 and
2003 and data on coal production. For calculation of emissions from 2013 to 2023 the surrogate da
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method was used based on 2012 and data on coal production férZiABtaken from the statistical
form 1-P and public sources.

In 2023, methane emissions from underground mining activities amounted to 438.48 kt anc
compared to 1990 they decreased by 82.23 %, and equal to the same indicator in 2022.

The leading pace of GHG emission reduction in this category in comparison with raw coal
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 PostMMining 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 stope and conveyor (runway) d8a%20

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 production areas to the shafts iseegidby control devices in outgoing
air flows of mines.

Coal transportation onto the earthodéds sur:
ceed 8 hours. Thus, methane emissions from coal taking place during its transportation to the surfa
are accounted for in the cgotygBbaly). AMi ni ng Ac

On the surface, methane continues releasing from coal, but measuring its production rate i
not possible.

According to [1], to calculate methane emissions in the period after coal production the
amount of coal production should be multiplied by the corresponding emission factor. In 2001, Do-
netsk Expert and Technical Center (DETC) of the State Mine Surveil@mrenittee conducted a
special study of the methane emission factor for the period after coal mining [8]. The general methan
emission factor obtained as a result for all Ukrainian mines was 2.4 m3/t which was used in the
inventory.

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

In 2023, posmining methane emissions amounted to 48.2 kt and compared to 1990 they
decreased by 77%, and equal to the same indicator in 2022.

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

CHszemi ssions from abandoned mines were cal
tute for Labor Safety in Miningo as the maxi
of the year (in ffmin) restated as annual emissions based orlag&year.

For calculation of methane emission in this category for ZIEZB the surrogate data
method based on 2012 information was used. The amount of GHG emissions was evaluated beir
inversely to coal mined in 2023023 respectively.

Methane emissions from abandoned underground mines in 2023 amounted to 4.21 kt, whicl
is 29.8% lower than in 1990 and equal to the same indicator in 2022.

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, while emission factors were used by default in accordance with [1], namel
f 1.2 n¥/t - for openpit coal mining;
f 0,1 n¥/t - for coal processing and transportation (in ep&mining).
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3.3.1.3 Solid Fuel Transformation (CRT category 1.B.1.b)

This category includes G@missions associated with the loss of coke oven gas in the pro-
cess of coke production.

Until 2016 the amount of coke oven gas | ¢
the lack of accounting,nems e, and due to other factorso, s
products of oil refining in extraction, production, transformatfmoecessing, transportation, and dis-
tri but i o4M3IP. Foncaléulmtromemission in this category from 2016 to 2023 the surrogate
data method was used based on 2016 and data on coke production fbi2P@B6

The carbon content is taken by default in accordance with [1], and the MCGl¢cordance
with statistical form 1IMTP.

Carbon dioxide emissions associated with loss of coke oven gas in production of coke in
2023 amounted to 120.54 kt, which is 7%Qower than in 1990 and 73% higher than in 2022.

3.3.1.4 Other (CRT category 1.B.1.c)

This category includes Gnd CH emissions associated with coal bed methane flaring.
Table 3.19 provides detailed information on methane flaring and recovery (p. 3.2.7.2.3) in Ukraine
during 20032012. The surrogate data method was used based on 2012. GHG emissions were es
mated accordig to equation 5.2 (vol. 2, chap. 5) [1], e basis of activity data indicated in the
Table 3.15. IrR023emissions in the subategory amounted to 4k8of COz-eq.which is the same
indicator as in 2022.

89



' 1IN} AYS03 DINBrfoywA®@®RS DI a
Table3.15. The amount of coal mine methane utilization in Ukraine,-2002

Amount of utilized methane, thousand n¥year
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

# Mine Note

1 [named after O.Zasyadko 2220 2195 26.212 | 59.663 | 40.308 [ 39.850 | 52571 36995 | 20317.77| Gasifier, gas station

named after V.Bazhanov

" " 5890 6920 7605 6963 5676 6920 9061 10358 | 6649.34| 3035.36 | Boiler room
SE "Makeevugol

"Holodna Balka"

" " 5210 5350 5730 6120 5030 5640 6600 4380 | 7094.74| 7766.09 | Boiler room
SE "Makeevugol

"Chaikino"

" " 1920 2113 2420 2230 2970 2170 1790 410 1892.16 | 2295.69 | Boiler room
SE "Makeevugol

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 gaE”.'.g‘z,Ef}t(‘?.r M.Kalinin 1130 | 1130 | 1132 | 1132 | 1132 | 1132 | 1132 | 1132 | 1132 ; Boiler room

g | Hrustalska® 2670 | 2670 | 2670 | 2670 | 2670 | 2670 | 2670 | 2670 | 2670 | 2670 | Boiler room
SE "Donbassantratsit

12324 8704 8893 [ 4481.76 | Boiler room, shaft heating

"Scheglovska Hlyboka 2056 | 4177 | 4590 | 5530 | 7957 | 9131 | 1400 | 1096 | 1259 | 3634 | Flaring

m/a "Donbass" —
3278 Gasifier

4630 6500 13100 13600 | Flaring

No.22 "Komunarska"

10 N " 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

14 "Sukhodolska Vostochnayal

PJSC "Krasnodonugol" 1564 2184 3194 2006 2705 12273 | 6587.17 | Boiler, flaring

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

"Molodogvardiiska"

16 PJSC "Krasnodonugol"

580 2738 2879.1 | Flaring

17 |"Samsonovska Zapadnaya' 1140 2175 6470 6711.46 | Flaring
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Amount of utilized methane, thousand n/year
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

# Mine Note

PJSC "Krasnodonugol"

18 | "Stopovaya", PJSC "DTEK' 500 Boiler room

Total, thousand 25333 40263 54101 82887 | 120214 | 99225 [ 119209 | 143044 |149018.43145825.24
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3.3.1.5 Uncertainties and Time Series Consistency

Continuous automatic monitoring of methane content in outgoing flows, periodic quality
control of mine air and aforrectness 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 184l %J54er-
tainty of carbon dioxide emissions is estimated as %89

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

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 Makeevk;
Research Institute for Labor Safety in Mining provided in 2014.

3.3.1.7 Categoryspecific Recalculations

In this category, no recalculations were made.

3.3.1.8 Categoryspecific Planned Improvements

In this category, no improvements are planned.

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

3.3.2.1.1 Category description

In 2023, oil production in Ukraine was 2.1 Mt, whicl&0% higher compared to the same
indication for 2022.

There are 6 refinery enterprises in Ukraine. Up to 2009 they all worked. But during 2009
2012 five of them were stopped. Now there are no refinery working. The volume of oil transit through
the country amounted to 13,6 Mt. The oil pipeline system includes 19 pipelines up to 1220 mm in
diameter with a total length of 3507 km, 28 oil pumping stations (176 stations units)s@&ice
tanks and offshore oil t e r mis Al IMt/y@ay, outpin5g,8 . I
Mt/year.

I n 2023, GHG emissions in the >epThedpmaase a
with respect to 1990 is 48% and increase to 202238.7%.

3.3.2.1.2 Methodological issues

The data used for emission estimation in this category are presented in Table 3.16.
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To estimate emissions in this category were used average Tier 1 default emission factors th:
presented in Table 3.17.

Oil transportation in Ukraine is carried out only by pipelines. The negligible part of oil may
be transported by other means of transport. The transformation of the amount of transported oil fror
mass units used by oil transportation enterprises into \&thisrunits was conducted based on the
density of the Urals export bleiid).865 t/n? and Azeri Lighti 0.855 t/m.

CHs emissions from oil handling were taken by default according to [1]. To determine the
carbon dioxide of oil handling, 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, therefaent$4
sions during transportation and distribution of petroleum products were not estimated. In the absenc
of approved IPCC methodologies, £€missions for this type activity were not estimated either.

The only refinery in operation during 202022 has a depth of oil refining of 81.5% and
produced gasoline and diesel oil EUfSOThis refinery stopped operating in June 2022.

Table 3.16. Activity data for emission es
. . The volume of oil transporta- . .
Year Oil production, tion through main pipelines, The volume_: of p|| 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 24 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
2022 1.5 12.7 1.6
2023 2.1 13.6 0
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Table 3.17. Emission factors for fugitive emissions from oil operation

CRT Category or sub CC, CH, N20 NMVOC Units of meas-
SEUEE SEUEE min max average min max | average| min max | average| min max | average ure
Gg per 18 m?
Well Drilling 1.0604 | 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 | 45604 | 6.8E08 | 1.1E06 | 5.8E07 | 1.2E05 | 2.0E04 | 1.1E04 | total oil
production
1.B.2.a.2 . . Ggper;9m3 .
P.ro.dtic'.[ion Conventional Oil| 1.1E07 | 4.3E03 2.2E03 1.5E06 | 6.0E02 | 3.0E02 NA 1.8E06 | 7.5E02 | 3.8E02 | conventional oil
production
1.B.2.a.3 . G_gperl@m3
o Pipelines 49607 5.4E06 NA 5.4E05 oil transported
Transport .
by pipeline
*1.B.2.a.4 Refining 90 1400 745 kg/PJ
Refining / - - -
Storage Storage Tanks 20 250 135 kg/PJ
. . . Gg per 18 m?
1.B2.cLi | Conventional Ol g 5e 05 | 1 3E04 | 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" /Cglf;;—;g“ona' Oll 41802 | 56502 |4.9502 | 25805 | 3.4E05 | 3.0805 | 6.4E07 | 8.8607 | 7.6E07 | 2.1605 | 2.9E05 | 2.5605 con(\j/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 B@Aelines
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3.3.2.2 Natural gas (CRT category 1.B.2.b)

3.3.2.2.1 Category description

The gas transportation system (GTS) of Ukraine consists of 33.39 thousand km of gas pipe
lines, including 20.89 thd km main pipeline and 12.20 thd km gas pipeline branches, 12 undergroun
gas storages, 702 gas pumping units (including electric-oh&®) with the total 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 billiorf per year, at the outlét 178.5 billion n¥ per year,
including 140 billionm® per year to the European countries. The transportation volume according to
international contracts in 2023 amounted to 14.65 billidn m

Natural gas production in 2023 amounted to 18700 billignahich is 6.6 lower than the
level of 2022. For 2023, the activity data about natural gas production was taken from public source:s

I n 2023, GHG emissions i n t hoeeq.dhe teergaserwith a n
respect to 1990 is 59%, and 12.®6 lower than the same indicator in 2022.

3.3.2.2.2 Methodological issues

The activity data used for emission estimation in this category are presented in Table 3.18.

To estimate emissions in this category average Tier 1 default emission factors were used th:
presented in Table 3.19.

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

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

Table 3.18. Activity data for emission es
Year Natural gas prgduction, Household consumption of natu- Natural gas consumption by other con-
minm ral gas, bin n? sumers, bin n?

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 121 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

2022 20058 6.1 17.7

2023 18700 8.2 11.6

17 in view of analytical study [26]

To calculate greenhouse gas emissions at transportation, distribution and consumption ©
natural gas, data on the composition of natural gas in the GTS of Ukraine received from PJS(
AUKrtransd@g&kzgazRy8Obivannyao and JSC ATransn
(see A2.6.1, A2.8) were used. Transmission and storage are estimated based on losses which
provided by the SSSU and the value of the losses depends on the state of the gas tnasgsiesi,
accident rate, upgrades etc. which contribute to the trend in the natural gas transmission.

Because of absence of some statistical information for )23 emissions in categories
1.B.2.b.4) and 1.B.2.b.5) were calculated based on psimlices.

In recent years national circumstances have not allowed for the calculation of emissions frorm
natural gas exploration, production, and processing industries using higher tiers but Tier 1.
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Table 3.19. Emission factors for fugitive emissions from gas operation

Category or CO; CHa N20 NMVOC Units of
CRT category - 2 2 :
sub-category min max | average| min max | average| min | max | average| min max | average| measure
Gg per
10° m?
Well Drilling 1.0604 | 1.7&603 | 9.0E04 | 3.3E05 | 5.6E04 | 3.0E04 ND 8.7E07 | 1.5E05 | 7.9E06 | total oil
produc-
. tion
1.B.2.b.1 Exploratio Gg per
10° m?
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- 1.4605| 1.8604 | 9.7E05 | 3.8804 | 2.4E02 | 1.2E02 NA 9.1E05 | 1.2E03 | 6.5E04 gas pro-
tives !
duction
Gas Pro- fgﬁ ﬁ]esr
1.B.2.b.3 Processing cessing / Fugi- 1.5604 | 3.5E04 | 2.5E04 | 4.88604 | 1.1E03 | 7.9E04 NA 2.2E04 | 5.1E04 | 3.7E04 raw gas
tives
feed
Non-residen-
tial Gas Con- - 175000 | 384000 | 279500 - - kg/PJ
. sumed
1.B.2.b.6 Other Residential
Gas Con- - 87000 | 192000 | 139500 - - kg/PJ
sumed
Gg per
Gas Produc- | 4 e 63| 1 6E03 | 1.4503 | 7.6607 | 1.0506 | 8.8507 | 21608 | 2.9500 | 1.2508 | 6.2807 | 85807 | 7.4807 | &M
tion / Flaring gas pro-
1.B.2.c.20 Gas g“c“on
Gas Pro- 1(% rEr)sr
cessing / Flar-| 1.8603 | 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 i 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 (CRT 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].

Emi ssions from venting at gas facilities
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 ¥@.39
The uncertainty of methane emissions is 29.26% and is caused, above all, by the uncertaint

of methane emission factors for consumption of natural gas by industrial consumers and power plant
The uncertainty of nitrous oxide emissions is 8&6

3.3.2.5Category-specific QA/QC procedures

The general quality control procedures stipulated in [1] were applied. Comparison of data
from various literary sources was held, consultations with independent experts in the gas industry, &
well as with specialists of the leading companies operatitigeinil and gas industry were conducted.
3.3.2.6 Categoryspecific recalculations

In this category, no recalculations were made.

3.3.2.7 Categoryspecific planned improvements

In this category, thaleveloping of countrgpecific 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, in CRT category 1.D.2 dAaMul ti
not take place.
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4 | NDUSTRI AL PROCESSES ANDT PRODU
TOR)

4.1 Sector Overview

GHG emissions in this sector include emissions from manufacture of industrial products, as
well as from use of limestone, dolomite and soda in various technological processes. Emissions fror
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 indirect NO emissions calculated in accordance 006 IPCC guidelines [XThapter
7.3, Volumel).

GHG emissions was carried out for:

Mineral Production antdse;

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 data for Ukraine are presented in Table 4.1

= =4 =48 -8 _8_9_95_-°

Table 4.1. GHG emissions in the sector Industrial Processes and Product Use
Change, % compareqg

Gas 1990 | 2022 | 2023
to 1990 | to 2022
CO,, ki 111084.5( 17157.12| 16555.38] -85.10 | -3.51
CH,, kt CO-eq. 1351.81| 722.45 | 17533 | -87.03 | -75.73
N0, kt CO-eq. 5043.48| 1294.82| 1867.07| -62.98 | 44.19
HFC, kt COreq. - | 232077| 242314 - 4.01
PFC, kt CQ-eq. 211.99 | - i : i
SFs, kt COreq. 0.0079 | 5423 | 57.21 | 7272295] 551
Z‘Sff'eﬂ'_rw action greenhouse gases\; ;7 691 7( 21558.38| 21078.12 -82.00 | -2.23
NO, kt 36.78 | 7.16 | 959 | -73.93 | 33.94
CO, kt 8920 | 2470 | 2455 | -72.48 | -061
NMVOC, ki 460.01 | 69.92 | 93.91 | -80.24 | 30.03
S0;, ki 11897 | 17.94 | 1791 | -84.95 | -017
Indirect N-O, Kt CO-eq. 493 | 096 | 128 | -73.93 | 33.90

Fig. 4.1 presents diagrams for emissions op @Bls, 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 perfluorocarboraldiramium
production) and noenergy product from fuels, other nitrous oxideydrofluorocarbonandsulphur
hexafluorideuse.
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Fig. 4.1. Emissions of COCH, and NO in the sector Industrial Processes and Product Use,
kt COz-eq
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Fig. 4.2. Direct action greenhouse gas emissions in the gaggories of the sector Industrial Pro-
cesses and Product Use, kt %

In 2023, emissions in the IPPU sector decreased by%2.@8mpared to the previous year
and by 82.0% compared to the base year. This decline resulted frorfullhecale invasion of
Ukraine by the Russian Federatigrwhich led to a 36.9 drop in industrial production in 2022,
according to SSSU data, followed by a slight increase o¥6ii8 2023. In 2022, production in the
metal industry declined by 66%, the chemical industry by 83, and the production of mineral
products fell by 66.46. These industries, which are the main sources of emissions in this sector,
showed a slight increase in 2023. Emissions in the sector compared to the baseline year also ha
decreased significantly due to a reduction in produdaiigtput caused by the collapse of the USSR.
Data on GHG emissions in the sector Industrial Processes and Product Use for the entire reportir
period are shown in Table A3.1.1.1, Annex 3. Among all the categories, the greatest amount of CO
emissions is observed in production of pig iron and steel, ferroalloys, ammonia, cement, and lime
CHs emissions in the industrial sector are mainly associated with chemical products and pig iron
production, and BD emissiond with nitric acid production and use of nitr® oxide for medical

purposes.
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Fig. 4.3 shows the precursor and.Sfhission diagrams in the sector Industrial Processes
and Product Use.
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Fig. 4.3. Indirect action greenhouse gases andeftssions in the sector Industrial Processes and
Product Use, kt

4.2 Miner al l ndustry (CRT 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 produt
tion as well as Soda ash use. The mair @@issions occur in all these categories as well&£»0
NMVOC from Cement and Glass production respectively. The key sources-oér@i€sions are
Cement and Lime production where the emissions occur from the processes related with clinker an
lime production, the correlation of@ emissions and amounts of these products production are
shown on fig 4.4.
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Fig. 4.4. CQ emissions from Key categories in Mineral industry, kt

Emissions from Glass and Ceramic production as well as from Soda ash use are not show
on the fig 4.4. due to the fact that their contributions to the emissions in Mineral industry category
are not as significant as those indicated in graph above andrthagpt key categories.

The activity data collection, methodological issues as well as QA/QC procedures etc. by the
categories included in Mineral industry are shown by each subcategory in relevant chapters.
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4. 2.1 Cement Production (CRT category

4.2.1.1 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 ar
gravel. The raw material for cement production is the mixturemérals consisting of calcium oxide,
silicon oxide aluminiumoxide, and iron oxide. The basic composition of the raw matdma¢stone,
chalk, marl, clay shale, or clay.

The main chemical processes in cement production start with dissolution of calcium car-
bonate at the temperature of 900eC, resultin
bon dioxide (CQ). This is followed by the clinker production process: at high temperatures (typically
14001 500eC), <cal ci um oxi daluminieroxidesandarorn oRide$orming c o |
silicates, aluminates, and calcium ferrites, which constitute the clinker. After that, clinker is rapidly
cooled.

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

Cement in Ukraine is produced by 12 enterprizesiucers. Most of the enterprisgoduc-
ers work basing on imported clinker. Projects that promote emission reduction have been imple
mented at a number of the enterpripesducers. These projects introdwse of alternative raw ma-
terials (ARM) that do not contain carbonates (use of blast furnace slag, peat, waste tires etc.) ar
transition to the dry production process, which entails a reduction of fuel consumption and of emis-
sions from decarbonization.

The changing in the emissions and factors in 24021 was due to decrease in use ofnon
carbonate raw material components in the production and the fact that some of the enterprises u
imported clinker. The sharp reduction of emissions in 2022, 2@2&ased byhefull-scale invasion
of Ukraineby the Russian Federatiomhich led to decrease in clinker and cement production respec-
tively. Table 4.2 shows the basic data on the results of GHG inventory in cement production.

Table 4.2. The basic data on the results of GHG inventory in cement production in 2023

Category code 2. 0.1
Cement production, kt 8331.59
Clinker production, kt 6213.15
CaO content in clinker, % 66.197
MgO content in clinker, % 1.22
Gases g [o SO
Emissions, kt 3329.95 2.50
Change in emissions compared to the previous year, % 13.82 24.39
Change in emissions compared to the baseline year, % -64.58 -63.34
Emissions, % of the total emissions in dextor 20.11 13.96

Key category ( "I'- level, "t" - trend)

Detall level (Tier)

Correction factor for cement kiln dust, p.u.

Emission factor, t/t

Conditioned emission factor, t/t

Method for determination of themission factor | CS
Uncertainty of activity data, % 20.06
Uncertainty of the emission factor, % 5.48
Uncertainty of the emission estimation, % 20.79

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 of the amount
of produced clinker (Tier 2 method) [1] was used on the basis of data obtained from enterprises
producers. Data about cement production were obtained from enteposiesers too. For 2@ -

2022, the analytical study, which includes different approaches, particularly extrapolation, expert
judgement and other math and statistical methods [19] was taken into account in adjustment c
amounts of cement and clinker production. Emission fagts derived, based on Tier 2 method,
taking into account CaO (66.19%) and MgO (1.226) content of the clinker and, as well as the
fraction of CaO and MgO of necarbonate raw material components (0.96@nd 0.0%) for 2023
respectively which were obtained from enterprgesducers. Cement kiln dust correction factor
(CKD) was determined by default according to 2006 IPCC Guidelines [1].

Decrease in use of volumes of roarbonate raw material components in production of
clinker at the enterprisgwoducers resulted in an increase of:@Mission 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 method of the Revised
Guidelines IPCC [5] based on cement production data, using the default emission factor of 0.3 kg ©
SO per ton of cement.

4.2.1.3 Uncertainties and time seriesonsistency

The key factors that determine tinecertainty in cement production 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.

71 accuracy of determining the volume of clinker production.

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%6 based on analysis of the content of CaO and MgO in clinker, as well as the CKD
correction factor uncertainty of 0.898.

The uncertainty of activity data in accordance with [1] was taken at the level of%20thé
overall uncertainty of C@emission estimation at cement production in Ukraine can be set at the level
of 5.734%.

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 and clinker production provided by SSSU with data of the
enterpriseproducers antkrainian 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 this category, no recalculations were made.

4.2.1.6 Categoryspecific planned improvements

In this category, no improvements are planned.
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422Li me Production (CRT category 2.¢. 2

4

4.2.2.1 Category description

Lime is used in construction, agriculture, and industry for steel, magnesium, copper, soda
ash, and sugar production. The largest consumer of lime is the metallurgical industry.

The reduction of slaked lime production in the period from 2011 to 2023 occurred as a result
of changes in the market conditiornthe reduced volume of slaked lime consumption as a final prod-
uct in the construction industry, agriculture, and a reductiaine amount of slaked lime used for
water softening in all industries. The sharp decline of the lime production as well as the market ca
pacity in 2022, 2023 wasaused bythe full-scale invasion of Ukrainby the Russian Federation
which led to a deep crisis in the lime market, both at the level of key producers and consumers, wh
either completely stopped production/consumption or significantly reduced it. Thammeal devi-
ations that occur in lime production in 1990/1991 by924.areconnectedwith the reduction in
production output caused by the collapse of the USSR in 1991, as well as increase in 2011 compar:
with 2010 by 18.%% are due to recovery in production after global financial and economic crisis in
20082009. The inteannual changes in 2013/2014 by 2%@reconnectedvith the economic de-
crease as a result of the political crisis in Ukraine that began in 2013, which had a significant impac
on production in this industry.

The key process in lime production g¢alcination of limestone (CaGpPand dolomite
(CaCQ*MgCO3) made in kilns. There is slaked lime and quicklime, construction and technology
(different in the chemical and mechanical composition), calcite (CaO) and dolomite (CaO*MgO)
ones. Quicklime (CaO) is the product of burning and processing of natural caésioomates, mainly
limestone. Slaked lime Ca(OH} the product of quicklime hydration.

COz is the only GHG emitted in lime production, and the emission volume is directly de-
pendent on the amount and type of produced lime. Table 4.3 shows the basic data on the results
GHG inventory in lime production.

Table 4.3. The basic data on the results of GHG inventory in lime production in 2023

Category code 2. 0.
Lime production, kt 1777.10
Emissions of CQ kt 1337.74
Ch a n g e;emissions fompared to the previous year, % 35.51
Ch a n g e,emissions fompared to the baseline year, % -73.88
Emissions, % of the total emissions in the sector 8.08
Key category ("I'i level, "t"7 trend) No
Detail level (Tier) 2
Emission factor, t/t 0.772
Method for determination of the emission factor T2
Uncertainty of activity data, % 28.38
Uncertainty of the emission factor, % 16.06
Uncertainty of the emissiogstimation, % 32.54

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

COz emissions from lime production were determined in accordance with 2006 IPCC Guide-
lines [1] (Tier 2 method).

Data of total amounts of lime production in Ukraine were obtained from SSSU [24], with
using analytical study, which includes different approaches, particularly extrapolation, expert judge-
ment and other math and statistical methods [19] for adjustmédm aehtounts of lime production in
2014- 2023. The ratio between volumes of production of lime with a high content of calcium and
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dolomitic lime (85/15) 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 takefioas 28
in accordance with [1].

The total emission factors are not equal to the constant value, as quicklime and slacked lim
activity is slightly different, and the ratio of quicklime and slacked lime changes from year to year.

4.2.2.3 Uncertainties and time seriesonsistency

The uncertainty of C@emission factors in of quicklime and slacked 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] is taken at the level of 16406

Since data of the total volume of lime production in Ukraine were obtained from SSSU, the
uncertainty of the activity data of quicklime and slaked lime production is taken to be a%28.28

The uncertainty of the data of application of the correction factor for lime dust was taken at
the level of 0.85%%.

The total uncertainty of COemission from lime production estimation amounted to
32.54%.

4.2.2.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied to calculation of GHG emissions from lime pro-
duction.

| statistical reporting data analysis using alternative sources such as data of the Ukrainiat
Association of Lime Industry;

7 analysis of the time series of activity data anc @@issions.

4.2.2.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.2.2.6 Categoryspecific planned improvements
In this category, no improvements are planned.

4. 2.3 Glass Production (CRT category z

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 of glass produced. The ke
raw materials for glass production, use of which resultg@@nhouse gas emissions, are soda ash
(N&CG0Os), limestone, (CaCg), and dolomite (CaC®MgCOs). When assessing GHG emissions
from glass production, emissions from use of limestone and dolomite, as well as emissions from us
of soda ash in glass productiare accounted for. The sharp reduction of emissions in 2022, 2023 are
caused byhefull-scale invasion of Ukraingy the Russian Federatiomhich led to decrease in glass
production respectively.

In the process of glass production, take place &@ NMVOC emissions. Table 4.4 shows
the basic data on the results of GHG inventory in glass production.

Table 4.4. The basic data on the results of GHG inventory in glass production in 2023
Category code 2. ¢. 3

Glass production, kt 656.33

Gas 4l | NMvoc
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Category code 2. 6. 3
Emissions, kt 128.04 2.98
Change iremissions compared to the previous year, % -31.54 -33.38
Change in emissions compared to the baseline year, % 0.57 -0.20
Emissions, % of the total emissions in the sector 0.77 3.17
The key category No
Detail level (Tier) 3 1
Emission factor, t/t 0.193 0.0045
Method for determination of the emission factor CSs D
Uncertainty of activity data, % 22.85
Uncertainty of the emission factor, % 2.31
Uncertainty of the emission estimation, % 22.97

Activity data, emission factors, and GH&issions 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 accordance with data obtained from SSSU [24
and data obtained from tleaterprisegproducers with using analytical study, which includes different
approaches, particularly extrapolation, expert judgement and other math and statistical methods [1¢
for adjustment of the amounts of glass production in 2@DR3. The greatesimount of CQemis-
sions in glass production is due to production of flat glass, cans and bottles. Statistics data abol
window glass production in Ukraine have been confidential since 2004. Therefore, NIR provides
information on the total amount of glas®@uced and the total G@missions. 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 sciersearch 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 accufaayission estimates for lime-
stone and dolomite use. A research of activity data and nationati@i®sion factors for glass pro-
duction was conducted, findings of which made it possible to specify the inventory data by specifying
the content of CaC£andMgCQ:s in limestone and dolomite, which are used in production of flat
glass, cans, and bottles, as well as the amount of limestone and dolomite use in glass production f
the different years. The soda ash content in furnace charge was obtained from thetovangufac
enterprises by each type of glass. To avoid double accounting of soda ash use in Ukraine the amout
of soda ash used for glass production were excluded from category 2.A.4.b. Other Process Uses
Carbonates.

NMVOC emissions were defined using the default emission factor of 4.5 kg per tonne of
glass recommended by the Revised Guidelines [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 scientifi,esearch work [8], the uncertainty of activity data in glass pro-
duction is set at 22.8%, and the uncertainty of G@mission factor$ atthe level of 2.3%4. Thus,
the uncertainty of C@emission from glass production amounts to 2287

4.2.3.4 Categoryspecific QA/QC procedures
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General QA/QC procedures were applied for estimation of emissions from glass production.

4.2.3.5 Categoryspecificrecalculations

In this category, no recalculations were made.
4.2.3.6 Categoryspecific planned improvements

In this category, no improvements are planned.

4.2.4 Other Process Uses of Carbonates (CRT category 2.A.4.)
4241 CeramicPr oducti on (CRT category 2. ¢. 4

4.2.4.1.1 Category description

In this category, Ce&emissions from limestone (Ca@@nd dolomite (CaC®MgCO3) use
in manufacture of ceramics are estimated. Table 4.5 shows the results of the GHG inventory for us
of limestone and dolomite. The sharp reduction of emissions in 2022, 2028naectedvith the
full-scale invasion of Ukrainey theRussian Federatiomhich led to decrease in ceramics production
respectively.

Table 4.5. Basic data on G@mission inventory results for use of limestone and dolomite
in 2023

Category code 2.¢6.4. a
Ceramics

YEC @i pIree e Limestone | Dolomite
Use, kt 4.38 44.66
Production, kt 1369.96
Emissions of CQ kt 24.02
Ch a n g e;emissions fompared to the previous year, % 10.84
Ch a n g e;emissions fompared to the baseline year, % -78.51
Emissions, % of the total emissions in the sector 0.15
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, % 20.4
Uncertainty of the emission factor, % 5.0
Uncertainty of the emission estimation, % 21.0

4.2.4.1.2 Methodological issues

Data of ceramics production affichestone and dolomite use in manufacture of ceramics
were taken based on data obtained from the producing companies and the SSSU [2], with using an
Iytical study, which includes different approaches, particularly extrapolation, expert judgement and
othermath and statistical methods [19] for adjustment of the amounts of ceramics production in 2014
- 2023. Estimation of C®emissions in production of ceramics was performed in accordance with
2006 IPCC Guidelines [1].

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
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The uncertainty of data of limestone and dolomite use in ceramics production veas set
20.4%. The uncertainty of C£emission factors was set a¥b The uncertainty of emission estima-
tion in limestone and dolomite use in ceramics production amounts t&a&21.0

4.2.4.1.4 Categoryspecific QA/QC procedures

General QA/Q(procedures were applied for estimation of emissions from ceramic produc-
tion.

4.2.41.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.2.4.1.6 Categoryspecific planned improvements

In this category, no improvements are planned.

4. 2.4.2 Other Uses of Soda Ash (CRT ce¢

4.2.4.2.1 Category description

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 production, as well as in chemical industry and detergents production. The interannual dev
ations in emissions from Soda Ash use are related with changes in soda ash consuirtaonian
industries, such as Glass production and other industries related with soda ash use. Those changes
associated with shamghanges in amounts of import, export and production of soda ash. Table 4.6
shows the results of the GHG inventory in other soda ash use.

Table 4.6Basic data of C@emission inventory results for other soda ash use in 2023

Category code 2.0.4.0b

Soda ash use, kt 54.42
Emissions of CQ kt 22.59
Ch a n g e,emissions fompared to the previous year, % 63.54
Ch a n g e;emissions fompared to the baseline year, % -92.10
Emissions, % of the total emissions in the sector 0.14
The key category No
Detail level (Tier) 1
Emission factor, t/t 0.415
Method for determination of the emission factor D
Uncertainty ofactivity data, % 22.4
Uncertainty of the emission factor, % 7.0
Uncertainty of the emission estimation, % 23.4

4.2.4.2.2 Methodological issues

COz emissions from soda ash use were estimated in accordance with Revised Guideline:
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 import with using analytical study, which includes different approaches
particularly extrapolation, expert judgement and other madhstatistical methods [19] for adjust-
ment of the amounts of soda ash production in 202@23. Data of soda export and import was
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obtained from SSSU [22]. Data of soda production was taken from annual report of enfeprise
ducer. To avoid double accounting of soda ash use in Ukraine the amounts of soda ash used for gle
production were included to the category 2.A.3 Glass pramtucti

4.2.4.2.3 Uncertainties and time seriegonsistency

The uncertainty of data of soda production, exports and imports obtained from statistic date
was set at 22.%. Uncertainty of the default emission factor of (&issions was taken a®4. In
this case the uncertainty of @@mission in soda ash use was taken 2@.4

4.2.4.2.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of emissions@danash use.

4.2.4.2.5 Categoryspecific recalculations
In this category, no recalculations were made.
4.2.4.2.6 Categoryspecific planned improvements

In this category, no improvements are planned.

4.3 Chemical Industry (CRT category 2.B)

Emissions in this category are related with production of various inorganic and organic
chemicals such as Ammonia, Nitric and Adipic acid production, as well as Caprolactam, Carbide,
Titanium dioxide and Petrochemical and carbon black production. TheG@aiemissions occur in
all these categories excluding Nitric, Adipic acid and Caprolactam production wherexGnbcdlrs
as well as Chlemission from Carbide and Petrochemical and carbon black production. The precursors
and SQ emissionccurin almostall these categories. The key sources of emissions are Ammonia
and Nitric acid production with Cand NO emissions respectively where the emissions are related
with the production processes, the correlation of emissions #eG&hd amounts of these products
production are shown on fig 4.5.
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Fig. 4.5. COQ-eq emissions from Key categories in Chemical industry, kt

Emissions from Adipic acid, Caprolactam, Carbide, Titanium dioxide production, as well as
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Petrochemical and carbon black production are not shown on the fig 4.5. due to the fact that the
contributions to the emissions in Chemical industry category are not as significant as those indicate
in graph above and they are not key categories.

The activity data collection, methodological issues as well as QA/QC procedures etc. by the
categories included in Chemical industry are shown by each subcategory in relevant chapters.

4. 3.1 Ammonia Production (CRT category

4.3.1.1 Category description

The feedstock for ammonia production in Ukraine is natural gas. The process for ammonia
production is based on ammonia synthesis from nitrogen and hydrogen at the temperatures of 38
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 is used 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.

CO, emissions from ammonia production are 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 and precursors: CO, NRMVOC also occurs in ammonia production. Table
4.7. shows the basic data on the results of GHG inventory in ammonia production. The sharp declin
of the ammonia production waaused byhefull-scale invasion of Ukrainkey the Russian Federa-
tion which led to a deep crisis of the producers and consumers, who either completely stopped prc
duction/consumption or significantly reduced it.

Table 4.7. The basic data on the results of GHG inventory in ammonia production in 2023

Category code 2.B.1
Ammoniaproduction, kt 972.39
Consumption of natural gas, M°m 1032.24
Gases CO, CO NO« |[NMVOC| SO,
Emissions from production, kt 1505.6/ 0.0058 | 0.97 | 0.087 0.029
Change in emissions compared to the previous yeal 61.78 61.39
Change in emissiormpared to the baseline year, 4 -84.63 -80.01
Emissions, % of the total emissions in the sector 9.09 | 0.024 [10.12] 0.093 | 0.16
Key category ("I'- level, "t" - trend) T L
Method for determination of the emission factor T3 D D D D
Detail level(Tier) 3 2 2 2 2
Emission factor at production, t/t 1.55 | 0.000006 0.001| 0.00009| 0.00003
Uncertainty of activity data, % 2
Uncertainty of the emission factor, % 7
Uncertainty of data on use of urea, % 5
Uncertainty of the emissiogstimation, % 8.83

Activity data, emission factors, and GHG emissions throughout the entire time series in this
category are shown in Table A3.1.1.5, Annex 3.1.1.

4.3.1.2 Methodological issues

Carbon dioxide emissions from ammonia production are calculated in accordance with 200€
IPCC Guidelines (Tier 3 method), according to which consumption of natural gas in calculations is
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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 (natural gas) data directly within the produdiimmdaries of the single enterprise, emis-
sions from energy and namnergy use of natural gas in ammonia produdtionthe subdivision into

raw material and energy use of natural gas were accounted in this category and in order to avoi
double accountingxcluded from category 1.A.2.c (Energy sector).

To account the amount of the excluded>Q€ed for urea (carbamide) production, data of
urea production from enterprises and the stoichiometrigtG@Qrea ratio (44/60) were used, in ac-
cordance with 2006 IPCC Guidelines [1].

The net calorific value of natural gas was taken in accordance to passptftsates of
physical and chemical properties of natural gas in gas production and gas transportation compani
of Ukraine. The determination method and the national valuerbbracontent in natural gas are
presented in Annex P2.5. The value of carbon content in natural gas fe2Q@®@ear was taken
equal to the value of 2004 in accordance with recommendations of ARR 2014, para 30 and ARR 201
para E.10 due to the fact thiae passport certificates data for the 12803 year is absent the corre-
sponding information and justification for the assumption is included in Annex A.2.11.1.

The data of amounts of ammonia and urea production as well as natural gas consumptio
were determinate by data received from manufacturers in 2023.

Estimation of NMVOC, CO, NQand SQ emissions from ammonia production was carried
out in accordance with 2019 EMEP/EEA Emission Inventory Guidebook [6] using the default emis-
sion factors.

4.3.1.3 Uncertainties and timeseries consistency

The key factors that determine 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 production);

The uncertainty of data of natural gas consumption for ammonia production obtained from
enterprises and used as activity data for estimatinge@issions is taken at the level o¥® The
uncertainty of the emission factefined as the total fuel requirement (NCV/ton of ammoniapts 7
as for the average value of specific energy consumption (for modern and older plants). The uncel
tainty of data on C@extracted for further use (urea production) is taken at the levetwofThe total
uncertainty of C@emission from ammonia production estimation amounted t0%.11

4.3.1.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in ammonia pro-
duction. In the framework of quality control procedures, the following were performed:

1 comparison of the national G@missions factors with the default IPCC factors.
4.3.1.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.3.1.6 Categoryspecific planned improvements

In this category, no improvements are planned.
4.3.2 Nitric Acid Production (CRT <cat e

4.3.2.1 Category description
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Nitric acid (HNGy) 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 based on catalytic oxidation of ammonia with the oxy-
gen in the air composition. Thus, the key process steps are:

A contact oxidation of ammonia to obtain
4NHz + 50, = 4NO + 6HO;

A oxidation of nitrogen monoxide to dioxi

by water:

2NO + @ = 2NO;
3N, + H,O = 2HNQ + NO

The resulting concentration of nitric acid is58%. As a result of the production,® and
NOy are emitted as bgroducts.

Currently, nitric acid in Ukraine produces by five companies based on the use of two tech-
nigques: ormediumpressure uniti a pressurized systefh.3 kg/cn?) and on lowpressure units (3.5
kg/cn?) under the combined method.

Nitrous oxide forms by catalytic oxidation of ammonia and is an undesirable byproduct of
nitric acid production. Provided using an efficient catalyst, usual9@®% (maximumi 98 %) of
the fed ammonia converts into nitrogen oxide. The rest of the amount of the ammonia comes int
unwanted reactions that lead to formation of nitrous oxide and other substances. These byproduc
(including nitrous oxide) are emitted into the atmosphEreission calculations were made in view
of 100% concentration nitric adi

Table 4.8 shows the basic data on the results of GHG inventory in nitric acid production.

The interannual deviations that occurs in nitric acid production in 2006/2007 by/aare
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 after global financie
and economic crisis in 2009 which impacted on the decrease in production of nitric acid in 2009
compared witl2008 by 31.56%4. The interannual changes in 2012/2013 by 2B4reconnected
with the economic decrease as a result of the political crisis in Ukraine that began in 2013. The in
crease in nitric acid production in 2018 compared with 2017 b$6%8 well as in 2018/2019 by
52.8% is due to gradual growth in the working capacity at the enterprises because of increase in th
consumption of feedstock for the production of nitric acid associated with a gradual recovery from
the crisis that began in 2013 in accordance with data odt&im enterpriseproducers. The sharp
reduction ofemissions in 2022, 2023 araused byhefull-scale invasion of Ukraingy the Russian
Federatiorwhich led to decrease in nitric acid production respectively.

In the framework of JI projects in enterprises producing nitric acid in Ukraine were installed
secondary catalysts (manufacturer Umicore) for catalytic destruction of nitrous oxide, with the pur-
pose to decomposition o0 emissions. At the same time automated emissions monitoring systems
(AMS) have been installed.

Table 4.8. The basic data on the results of GHG inventory in nitric acid production in 2023

Category code 2.B.2

Nitric acid production, kt 940.38

Gases N20 NOx

Emissions from production, kt 6.58 7.05

Change in emissions compared to the previous year, %| 46.35 46.35

Change in emissions compared to the baseline year, %/| -62.88 -73.88

Emissions, % of the total emissions in the sector 93.39 73.52

Key category ("I'i level, "t"i trend) L

Detail level (Tier) 2 2
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Method for determination of the emission factor CS/D D
Emission factor, kg/t 7.0/5.0 12/7.5
Uncertainty ofactivity data, % 2

Uncertainty of the emission factor, % 22.36

Uncertainty of the emission estimation, % 22.45

Activity data, emission factors, and GHG emissions throughout the entire time series in this
category are shown in Tab8.1.1.6, Annex 3.1.1.

4.3.2.2 Methodological issues

The amount of nitric acid produced in 1992023 was taken in accordance with data ob-
tained from enterprises. Nitric acid in Ukraine produces by five companies based on the use of twi
techniques: on four plants with medium pressure units and on onevglaatow-pressure unitN.O
emissions was calculated with using default emission factors (5 kg/t for low pressure and 7 kg/t fo
medium pressure units) in accordance with 2006 IPCC Guidelines [1]. Nitric acid production on the
plant with alow-pressure nit was stopped since 2014 thereforgONand NQ emissions were not
reported for 2015 onward.

Estimation of emissions of nitrogen oxides was conducted in accordance with 2019
EMEP/EEA emission inventory guidebook [6] using default emission factors.

4.3.2.3 Uncertainties and timeseries consistency

In accordance with the Guidelines [1], the values of the activity data uncertainty are taken alt
the level of 2%. The values of the uncertainty of emission factors for this category were taken at the
level of 22.36%, in accordance with the recommendatiénisen2006 IPCC Guidelines [4]. Thus,

the total uncertainty of the estimates of nitrous oxide emissions from nitric acid production amounts
to 22.45%.

4.3.2.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in production of
nitric acid.

4.3.2.5 Categoryspecific recalculations
In this category, no recalculations were made.
4.3.2.6 Categoryspecific planned improvements

In this category, no improvements are planned.

4. 3.3 Adipic Acid Production (CRT <cat e

4.3.3.1 Category description

Adipic acid (HOOC(CH)4COON) is a dicarboxylic acid, which is produced by oxidation
of a mixture of cyclohexanone and cyclohexanol with nitric acid in the presence of a vanadium cata
lyst. The oxidation process with nitric acid releases nitrous oxide as an undesirable by@gd)ct
Adipic acid production is also accompanied by emissions of NMVOC, CO, ard NO
In Ukraine, the technique of thermal destruction @ONs used at adipic acid production.
The unit for thermal destruction o8N was developed by Severodonetsk branch of the "Institute of
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Nitric Industry” together with BASF, which was the supplier of the technology and 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 activity data provided by producing enterprises atitelfytate 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 whole time series are
shown in the table A3.1.1.7 in Annex 3 and the CRT tables.

4.3.3.2 Methodological issues

Data of adipic acid production were provided by the enterppssducers. For estimation
of N2O emissions from adipic acid production, 2006 IPCC Guidelines [1], using Tier 2 method with
default emission factors were used. Estimation of emissions of NMVOC, CO, avaad©onducted
in accordance with 2019 EMEP/EEA emission inventory guidebook [6] using default emission fac-
tors.

4.3.3.3 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, so the uncertainties in this
category were not calculated.

4.3.3.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in adipic acid
production.

4.3.3.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.3.3.6 Categoryspecific planned improvements

In this category, no improvements are planned.

434Caprol actam, Glyoxal, and Glyoxylic

4.3.4.1 Category description

This section is dedicated to production of three chemicaégprolactam, glyoxal, and gly-
oxylic acid, which are potentially important sources of nitrous oxid®Jdmissions in the countries
where they are produced.

In Ukraine, glyoxal and glyoxylic acid are not produc&linost all of the annual production
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, as agEBeltkmann 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 dioxide. Aronia gas and air are fed to a converter where ammonia
is converted to hydroxylamine disulphonate by contacting it with ammonium carbonate and sulphul
dioxide in series. Ammonium carbonagsegroduced by dissolving ammonia and carbon dioxide in
water, and sulphur dioxide by burning sulphur. The disulphonate is hydrolysed to hydroxylamine
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sulphate and ammonium sulphate. The addition of hydroxylamine sulphate to cyclohexanone pro
duces cyclohexanone oxime which is converted to caprolactam by the Beckmann rearrangement.

4.3.4.2 Methodological issues
According to the activity data provided by enterprpesducers and by the State Enterprise
"Cherkasky NIITEKHIM", caprolactam has not been produced since 2014, so the emissions in this

category were not estimated. For estimation £ Mmissions from caprolactam production for 1990
- 2013, 2006 IPCC Guidelines [1], using Tier 1 method with default emission factor was used.

4.3.4.3 Uncertainties and timeseries consistency
According to the activity data provided by producing enterprises atitelfytate Enterprise

"Cherkasky NIITEKHIM', caprolactam has not been produced since 2014, so the uncertainties in this
category were not calculated.

4.3.4.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in caprolactam
production.

4.3.4.5 Categoryspecific recalculations
In this category, no recalculations were made.
4.3.4.6 Categoryspecific plannedimprovements
In this category, no improvements are planned.
4. 3.5 Carbide Production and Use (CRT
4.3.5.1 Category description

Calcium carbide Cafds obtained by calcination of a mixture of limestone with coal dust in
electric furnaces and subsequent recovery of lime. Silicon carbide is produced in electric furnaces ¢
2000-2200eC from t he mi-5%)ucoke (380 %) gith the additionsobsaddim ( 5 1
chloride (15 %) and sawdust (30 %). In this category, C&emissions occur 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@as CH emissions. The data about silicon and calcium carbide
production in Ukraine is confidential. Table 4.9 shows data oped@ssions from production and
use of calcium carbide and @Emissions from silicon carbide production.

Table 4.9. The basic data on the results of GHG inventory in carbide production and use ir

2023

Category code 2.B.5
Carbide Production and Use, kt C
Greenhouse gas g [o 14
Emissions, kt 43.42 0.192
Change in emissions compared to the previous year, | 0.43 0.43
Change in emissions compared to the baseline year, | 27.30 -64.44
Emissions, % of the total emissions in the sector 0.26 3.07
The key category No
Detail level (Tier) 1 1
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Category code 2.B.5
Method for determination of the emission factor D D
Uncertainty of activity data, % 5 5
Uncertainty of the emission factor, % 10 10
Uncertainty of the emission estimation, % 11.180

4.3.5.2 Methodological issues

The data of calcium and silicon carbide production were provided lentbeprisegproduc-
ers and SSSU [2For calculation of emission factors of €and CH for silicon carbide production,
as well as in calcium carbide using, the default factors were used [1].

4.3.5.3 Uncertainties and timeseries consistency

The uncertainty of the default GACHs emission factors is taken at the level of%A0The
uncertainty of the data of calcium and silicon carbide production provided by the enteppothes
ers is taken at the level of%.

Thus, the total uncertainty of G@nd CH emissions in calcium carbide and silicon carbide
production amounts to 11.186.

4.3.5.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in production
and use of calcium carbide.

4.3.5.5 Categoryspecific recalculations
In this category, no recalculations were made.

4.3.5.6 Categoryspecific planned improvements
In this category, no improvements are planned.

436Ti tanium Dioxide Production (CRT cat

4.3.6.1 Categorydescription

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, floor covering, printing
ink, and other miscellaneous uses.

There are three processes that are used in the production.dh@i@ad to process green-
house gas emissions: titanium slag production in electric furnaces, synthetic rutile production usin
the Becher process, and rutile Bi@oduction 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 furnace smelting reduces tihenferric
containedas an impurity in ilmenite. Rutile T&Onay be produced by further processing of the ana-
tase TiQ..

Process emissions arise from the reductant used in the pfaehsction of synthetic rutile
can give rise to C&emissions where the Becher process is used. This process reduces the iron oxid
in ilmenite to metallic iron and then reoxidises it to iron oxide, and in the process separates out th
titanium dioxide as synthetic rutile of about 91 to 93 percent puEinenlink, 1997)Black coal is
used as the reductant and thec@@issions arising should be treated as industrial process emissions.
The man route for the production of rutile T¥@s the chloride route. Rutile Tgds produced through
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the carbothermal chlorination of rutile ore or synthetic rutile to produce titanium tetrachloridg (TiCl
and oxidation of the TiGlvapours to TiQ. Table4.10shows the basic data on the results of GHG
inventory in titanium dioxide production.

Table 4.10. The basic data on the results of GHG inventory in dioxide titanium production
in 2023

Category code 2.1.6
Titanium Dioxide Production, kt 84.70
Gases g o N[x (& |Sk
Emissions, kt 113.49 |0.008 |[13.470.097
Emission factors, t/t 1.34 0.0001{0.159 0.00114
Change in emissions compared to the previous year, % -1.36
Change in emissions compared to the baseline year, % -49.85
Emissions, % of the total emissions in Heetor 0.69 | 0.08 |54.84 0.22
The key category No
Detail level (Tier) 1 2 2 2
Method for determination of the emission factor D D D D
Uncertainty of activity data, % 25
Uncertainty of the emission factor, % 5
Uncertainty of theemission estimation, % 25.5

4.3.6.2 Methodological issues

Data of titanium dioxide production was obtained from the enterppigeRicers with using
analytical study, which includes different approaches, particularly extrapolation, gigment
and other math and statistical methods [19] for adjustment of the amounts of titanium dioxide pro-
duction in 20171 2023. For estimation of CGGemissions from titanium dioxide production, 2006
IPCC Guidelines [1] with default emission factors were used. Calculation of®and S@emis-
sions was performed for the first time in accordance with 2019 EMEP/EEA emission inventory guide-
book [6] using default emission factors.
4.3.6.3 Uncertainties and timeseries consistency

The uncertainty of production data is estimated at 25%. The uncertainty of the default CO
emission factors is set abb. Thus, the uncertainty of G@&mission from titanium dioxide production
in Ukraine amounts to 25%.
4.3.6.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in production of
titanium.

4.3.6.5 Categoryspecific recalculations
In this category, no recalculations were made.
4.3.6.6 Categoryspecific planned improvements
In this category, no improvements are planned.

437Soda Ash Production (CRT category 2.

4.3.7.1 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 carbon dioxide released during the occurrence of side reaction
(such as calcining limestone with metallurgical grade coke oramith) and return it to the process,
assessment of G@missions from the production process does not performs, which does not disagree
with the requirements of the IPCC, according to research Vimkelopment of the method of cal-
culation and determinatn of GHG emissions in the chemical industry with the construction of par-
ticular timeseries" [7]

4.3.8. Petrochemical and Carbon Black Production (CRT category 2.B.8)

4.3.8.1 Category description

In this category, estimation of carbon dioxide and methane emissions in carbon black, eth-
ylene and methanol production, as well as precursors (CQNM/OCs) and S@in manufacture
of chemical products: carbon black, ethylene, vinyl chloride monomer, methanol, polystyrene, pro-
pylene, polypropylene, polyethylene, sulfuric acid, and phthalic anhydride was made.

According to the data obtained from enterprpesducers carbon black in Ukraine produces
with using (default) furnace black with thermal treatment process and it uses as a reinforcing compc
nent in production of rubbers and other plastic masses. In gir@mdo€ carbon black occurs emissions
of COp, CHg4, and all precursors GHGINOy, CO, SQand NMVOCs. Since 2007, statistics of carbon
black production in Ukraine is confidential. Data of carbon black production in 2023 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 chloride. In ethylene production occgrs CO
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
production in 2009, 2018 2016. Production has been resumedtesi2017. However, with the be-
ginning of thefull-scale invasion of Ukrainky the Russian Federatiothe enterprise stopped the
production of chemical products. The lack of production in 2009 is explained by the global financial
and economic crisis in 20082009 and the economic decrease as a result of the political crisis in
Ukraine that began in 201@&hich has had a significant impact on production in major industries.

According to the data obtained from enterpripesducers methanol (methyl alcohol)
CHsOH was produced with using (default) conventional steam reforming without primary reformer
process. It is used for denaturing ethyl alcohol, formaldehyde production and as a solvent and reage
in organic synthesis. In production of methanol occurs &@ CH emissions. Since 2006, statistics
of methanol production in Ukraine is confidential. Data of methanol production in 2023 was provided
by the enterpris@roducer

According to the data obtained from enterppseducer VCM (vinyl chloride monomer) in
Ukraine produces with using (default) balanced process for VCM production with integrated VCM
production plant which is used for further production of polyvinyl chirid vinyl chloride mono-
mer production occurs GOCHs, and NMVOC emissions. Data about vinyl chloride monomer pro-
duction in Ukraine is confidentiaRccording to the data obtained from only one plant producer of
vinyl chloride monomer in Ukraine there svao production in 2009 and since 2014 till 2016, in 2017
- 2023 production resumed. However, with the beginning ofuihescale invasion of Ukrainiey the
Russian Federatighe enterprise stopped the production of chemical products. The lack of produc-
tion in 2009 is explained by the global financial and economic crisis in-280@ and the economic
decrease as a result of the political crisis in Ukraine that began in @Btk has had a significant
impact on production in major industries.

Polystyrene is obtained by catalytic dehydrogenation of ethylbenzene 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 polystyrendyrction in Ukraine is confidential.

Data of polystyrene production in 2023 were provided by SSSU [24].

Propylene (GHe) 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
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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 ictemftial. Since 2013 till 2016, propylene

has not been produced in Ukraine, due to lack of raw materials for production caused by the econom
decrease as a result of the political crisis in Ukraine that began in 2013, which was confirmed witt
data providd by theSE "Cherkasky NIITEKHIM According to the data provided by enterprise
producer and SSSU [2] propylene production in 202023 was resume#iowever, with the begin-

ning of thefull-scale invasion of Ukrainky the Russian Federatiothe enterprise stopped the pro-
duction of chemical products.

Polypropylene is obtained by polymerizing propylene in the presence of metal catalysts. It
is used for films (especially packaging ones), containers, pipes, technical equipment parts, househo
items, electrical insulation and naoven materials productm In production of polypropylene, only
NMVOC emissions take place. Since 2005, statistics of polypropylene production in Ukraine is con-
fidential. Since 2013 till 2016, polypropylene has not been produced in Ukraine, due to lack of raw
materials for produn caused by the economic decrease as a result of the political crisis in Ukraine
that began in 2013 which was confirmed with data provided b8Eh&herkasky NIITEKHIM"in
2017- 2023 polypropylene production resumed, according to data obtained from SSSU [24]

Polyethylene is produced by polymerization of ethylene at high temperature and pressure ir
the presence of catalysts. It is used primarily as a packaging material. In polyethylene production onl
NMVOC emissions take place. Since 2005, statistics of gofjete production in Ukraine is confi-
dential information. Data of polyethylene production in 2022 (for January and February only) was
received from the enterpriggoducer. With the beginning of tliell-scale invasion of Ukrainkby
theRussian Federatigmhe enterprise stopped the production of chemical products.

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 the SSSU [24] was used.

Phthalic anhydride is a raw material for a wide range of plasticizers -s@tdile polyester
resins production, the raw material for which is orthoxylene or naphthalene. In 2010, phthalic anhy-
dride production from naphthalene use was stopped in Uktai@011, phthalic anhydride was pro-
duced only from orthoxylene. In production of phthalic anhydride only NMVOC emissions take
place. Since 2006, statistics of phthalic anhydride production in Ukraine is confidential. Since 2013,
phthalic anhydride has nbeen produced in Ukraine, which was confirmed with data provided by
the SE "Cherkasky NIITEKHIM".

The sharp reduction of emissions in 2022, 2023catesed bythe full-scale invasion of
Ukraine by the Russian Federatiowhich led to decrease in chemical products production respec-
tively.

Table 4.11 shows the basic data on the results of GHG inventory in this category.

Table 4.11. The basic data on the results of GHG inventory in the category Petrochemica
and Carbon Black Production in 2023

Category code 2.B.8
Gases g [ 14 N [z CO |NMVOC| SO
Emissions in production, kt 68.38 | 0.002 0.39 | 0.078| 0.019 | 2.073
Change in emissions compared to the previous yea| -64.73 | -99.99 | -36.96 | -36.96| -91.29 | -7.39
Change in emissions compared to the baseline yeal -96.52 | -99.94 | -89.96 | -99.00| -97.22 | -95.94
Emissions, % of the total emissions in the sector 0.41 0.03 4.07 0.32 0.02 11.58
in the sector
Key category ("I'- level, "t" - trend) No No
Detail level (Tier) 1 1 2 2 2 2
Method for determination of the emission factor D D D D D D
The uncertainty of the activity data, % 17.52 | 17.52
The uncertainty of the emission factor, % 15.00 | 17.40
The total uncertainty for the category, % 23.06 | 24.69
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GHG emission data throughout the entire time series inctesgory are shown in Table
A3.1.1.8, Annex 3.1.1.

4.3.8.2 Methodological issues

For calculation of C@and CH emissions from the petrochemical industry 2006 IPCC
Guidelines [1] with the default emission factors was used. Indirect GHG emission estimation in the
category was conducted in accordance with 2019 EMEP/EEA Emission 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 by State EnterprisSgkrainian Research Institute of Transport Medicine" of the
Ministry of Health of Ukraine, using the method of calculation of Cherkassy NIITEKHIM. The ac-
tivity data were provided by the enterpriggsducersSE "Cherkassy NIITEKHIM"SSSU [2] and
SSSU [24], with using analytical study, which includes different approaches, particularly extrapola-
tion, expert judgement and other math and statistical methods [19] for adjustment of the amounts ¢
petrochemical products production in 2014.

4.3.8.3 Uncertainties and timeseries consistency

Out of GHGs, in this category carbon dioxide and methane emissions from carbon black,
ethylene, and methanol production are accounted. The uncertainty of activity data is estimated fc
CO at 17.52% and for CiHat 17.52% The uncertainty of the default emission factors is set for CO
at 15.00% and for CiHat 17.40%. Thus, the total uncertainty of {&nission from category Petro-
chemical and Carbon Black Production amounts fos &Q3.06% and for CiHat 24.69%.

4.3.8.4 Categoryspecific QA/QC procedures
General QA/QC procedures were applied for estimation of GHG emissions in chemical pro-
duction.

4.3.8.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.3.8.6 Planned improvements
In this category, no improvements are planned.

4.3.9 Fluorochemical Production (CRT category 2.B.9)

In accordance with the scientdtesearch works: by the Ukrainian Research Institute of
Medicine and Transport of the Ministry of Health of UkralbDevelopment of methods of estimation
and determination of emissionstofdrofluorocarbons, perfluorocarbons, and sulfur hexafludiigle”
and by Cherkasy NIITEKHIM* "Development of methods of estimation and determination of emis-
sions of hydrofluorocarbons, perfluorocarbons, and sulfur hexafluorideth{@®] is no fluorochem-
ical production in Ukraine, therefore emissions in this category are not estimated.

4.4 Metal Industry (CRT category 2.C)

Emissions in this category are the result from the production of metals such as Iron, Steel
Sinter, Pellets, Ferroalloy8Juminium, Lead and Zinc production, as well as limestone and dolomite
use. The main C£emissions occur in all these categories as well age@itssion from Iron, Sinter
and Ferroalloys production and PFCs emissions fkminium production. The precursors and SO
emissions occurs only from Iron and Steel production. The key sources of emissions are Iron, Stet
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and Ferroalloys production with G@nd CH emissions respectively where the emissions are related
with the production processes, the correlation of emissions #eG&hd amounts of these products
production are shown on fig 4.6.
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Fig. 4.6. CQ-eq emissions from Key categories in Metal industry, kt

Emissions from Sinter, Pelle&luminium, Lead and Zinc production are not shown on
the fig 4.6. due to the fact that their contributions to the emissions in Metal industry category are no
as significant as those indicated in graph above and they are not key categories.

The activity data collection, methodological issues as well as QA/QC procedures etc. by
the categories included in Metal industry are shown by each subcategory in relevant chapters.

4. 4.1 1l ron and Steel Production (CRT c

4.4.1.1 Category description

Category Iron and Steel production is the key category and the largest source of GHG emis
sions in the sector.

The greatest emissiomecurfrom pig iron production, which is produced by reduction of
iron ore in blast furnace process. Carbon contained in coke is used both as fuel, and as a reduci
agent. In accordance with 2006 IPCC Guidelines [1], emissions from energy ardergy use of
coke in the blast furnace process for iron production were accounted in the sector "Industrial Pro
cesses and Product Use". Table 4.12 shows the basic data on the results of GHG inventory in iron a
steel production.

Table 4.12 Basic data on the results of GHG inventory in iron and steel production in 2023

Category code 2. 4.1
Iron production, kt 6003.00
Steelproduction, kt 6226.80
Sinter production, kt 9353.00
Pellet production, kt 9128.47
Consumption of natural gas, M m3 0.435
Limestone use, kt 2301.7
Dolomite use, kt 0.3
CH, (pig | CHy (sin-
Gases All GHGs| & [» iron) ter) NOx | CO |[NMVOC| SO
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Category code 2.4.1
Emissionskt 9694.34| 9524.7 | 5.40 0.65 |059]|7.82| 222 | 12.05
5:;”%/‘3 in emissions compared to the previq ;1 gg | 1503 | -4.19 | 1544 |-3.83|-4.23| -0.18 | -4.15
;3:;”%/‘3 in emissions compared to the basell _gg > | _gg 05 | -86.64 | -84.65 |-85.73-86.64 -86.64 | -86.62
Emissions, % of the total emissions in the se 57.53 | 86.24 10.38 | 6.15]31.85 2.36 | 67.29
Key category ("I'- level, "t" - trend) LT No No
Detail level (Tier) 3 1 1 1 1 1 1
Emission factor for pig iron, t/t 1.29 0.0009 | 0.00007
Emission factor for steel, t/t 0.124
Emission factor for limestone, kg/t 0.4337
Emission factor for dolomite, kg/t 0.4645
Method for determination of the emission fac CS D D D D D D
Uncertainty ofactivity data, % 5.27 5
Uncertainty of the emission factor, % 4.54 20
Uncertainty of the emission estimation, % 6.95 20.6

The decrease in emissions from iron and steel production in 2021 compared to the baselin
year was due to reduction in the volume of their production after the collapse of the USSR. The
growth of emissions in 2021 compared to 2020 an increase in the iron and steel production, as
well as in coke consumption for iron production and, as a result, the reduction of pulverized coal
consumption in 2021 after start of its application at metallurgical enterprises of after the 2008/200¢
crisis. Activity data, emission factors, and GHG emissions for the entire time series in this category
are listed in Tables A3.1.1.9, annex A3.1.1.10. The sharp decline of iron and steel production wa
caused byhe full-scale invasion of Ukrainky the Russian Federatiomhich led to a deep crisis of
the producers and consumers, who either completely stopped production/consumption or signifi
cantly reduced it.

4.4.1.2 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 data of the amount of iron produced were obtained from enterprises pro-
ducers. The amounts of coke, coal, and natural gas consumption for irontjmmodvere taken with
using extrapolation method, based on data of the decrease of pig iron production in Ukraine in 2021
2023 obtained from Association "Ukrmetalurgprom”, in accordance with 2006 IPCC Guidelines,
Chapter 5.3 Resolving data gaps [1].

The carbon content in iron and coke was taken in accordance with the data obtained fron
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 pdsemAnnex 2.5. The net 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 tadn on the basis of the values of net calorific value of coal and sulfur content in
coal in accordance with data obtained from the enterppisehicers. The ore used for iron produc-
tion in Ukraine does not contains carbon. In the estimation assessmesaietiigicresearch works
were used: "Development of methods of estimation and prediction of GHG emissions at the metal
lurgical enterprises of Ukraine" [10] and "Development of the method of estimation and determina-
tion of carbon dioxide emissions in iramd steel production” [13]. Use of these scientiéisearch
works made it possible to specify all the details of production components at each Ukrainian enter
prise. Since iron production processes in Ukraine are characterized by use of fuel resoejce (cok
directly within the production boundaries of the single enterprise, emissions from energy and non
energy use of coke in iron productionn subdivision into raw material and energy use of the coke
were accounted in this category and in order to avoitbld accounting excluded from category
1.A.2.a (Energy sector).
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Annex 3.1.3 presents the method of determining the emission factor when using coal anc
coke, and Annex 3.1#4thecarbon balance in the blast furnace process developed as a result of the
research [10] conducted for 2023.

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 factors for precursors in this category were taken as equal t
the default values in 2019 EMEP/EEA Emission Inventory Guidke@).

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)), taking into account the specific consoimgt iron and carbon content in
each type of steel (Tier 3 method) in accordance with data obtained from entgyprthesers. For
2016, the analytical study, which includes different approaches, particularly extrapolation, expert
judgement and other rmaand statistical methods [19] was taken into account in adjustment of
amounts of steel production and iron, scrap metal and carbon electrodes consumption. As a result
conducted scientificesearch work [10], it was found out that in the steel prodicti is also neces-
sary to account the carbon that enters to steel making furnaces with scrap metal. Therefore, the c:
culation was extended with the component that takes into account the carbon entering the furnac
with scrap metal. The amounts of ir@md scrap metal consumption for steel (in basic oxygen fur-
naces (BOF) and electric arc furnaces (EAF) production were determinate by using specific values ¢
these amounts for emission calculations in 2022, 2023 due to the lack of all data receivednirom ma
ufacturers in 2022, 2023.

The emission factors for precursors in this category were taken as equal to the default value
in 2019 EMEP/EEA Emission Inventory Guidebook [6].

4.4.12.3 Sinter and Pellet Production

In statistical reporting Form-BATP [20], coke consumption in sinter and pellet production
is shown along with coke consumption for iron production. Therefore, emissions from sinter and
pellet production are accounted together with the emissions frorpriodiction.

Estimation of methane emissions from sinter production was carried out in accordance with
the recommendations [1] using the default factor. According to 2019 EMEP/CORINAIR Emission
Inventory Guidebook [6], assessment of NMVOC emissions from sinter amtsgadbduction with
the default factors was conducted, the emissions were combined with the total emissions of precurso
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 the category. The amoun
of limestone, dolomite limestone, and dolomite used in metallurgy was taken on the ok of
obtained from the iron, steel, sinter and pellets enterppisehicers.

In the estimations in the category, the scientiisearch works were 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 detdrmination of carbon dioxide
emissions in limestone and dolomite use" [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 possiltb specify the details of all components used as fluxes in met-
allurgical production at each Ukrainian enterprise, as well as data of the content af0dG@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 CQemission factor in limestone and dolomite use in 2023 resulted
0.4337 t/t.
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4.4.1.3 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 reducersaandactured 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, reducing agents, 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 by generalization of data on physical and chemical properties of re
ducing agents and the products.

The findings of study [10] made possible to estimate the uncertainty of the activity data
obtained for iron production at the level of 2%7and of steei at the level of 0.7%.

The uncertainty of emission factors for iron and steel production is estimated at the level of,
respectively, 2.7%0 and 1.6%%.

Taking into account emissions from iron and steel production, the total uncertainty of the
activity data for production of iron and steel is 5%/the uncertainty of emission factarg.54%,
and the uncertainty of emission volunmies.95%.

The uncertainty of the methane emission factor in iron production is taken t&hezen
the uncertainty of the activity data¥®), the total uncertainty of the methane emission estimation in
iron production amounted to 20%6.

4.4.1.4 Categoryspecific QA/QC procedures
General QA/QC procedures were applied to estimation of carbon dioxide emissions from
iron and steel production, including:
1 analysis of the timseries of the activity data (iron and steel production volumes) and
emission factors;
1 comparison of data of iron production obtained from SSSU [2] with those provided by
Association "Ukrmetalurgprom";

1 carbon balance analysis in the blast furnace process (Annex 3.1.4);
1 analysis of the coke balance in Ukraine (Annex 2.8).

4.4.1.5 Categoryspecific recalculations
In this category, no recalculations were made.
4.4.1.6Category-specific planned improvements
In this category, no improvements are planned.

4. 4.2 Ferroall oys Production (CRT <cat e

4.4.2.1 Category description
Ferroalloys are senfinished metal production productsron alloys with silicon, manga-

nese, chromium, and other elements used in steel production (for deoxidation and alloying of stee
binding of harmful impurities, ensuring the desired metal struetutleproperties). Ferroalloys differ
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in content of the key elements, carbon, and impurities. Ferroalloys are obtained through pyrometal
lurgical methods of basic metal and iron oxides reduction. The most common method of producing
ferroalloys is the electrothermal one. By the type of the iaduagent, it is subdivided into carbon
reduction one, producing carbon ferroalloys @.&) and all silicon alloys, and metaitbermal one
(conventionally including the silicothermic one), which produces alloys with low carbon content
(0.02:2.5%C). Feroalloy smelting is carried out in thrgdnase 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 agent in accordance w
the direct reduction technology. Thus, the reduction produerison moneoxide and dioxide (CO
and CQ). There are only ferrosilicon, ferromanganese, ferrosilicomanganese (silicon manganese) an
ferronickel production in Ukraine. Table 4.13 shows the basic data of GHG inventory for carbon
dioxide and methane in proction of ferroalloys in Ukraine. The sharp reduction of emissions in
2022 arecaused byhefull-scale invasion of Ukraingy theRussian Federatiomhich led to decrease
in ferroalloys production respectively.

Table 4.13. The basic data on the results of GHG inventory in ferroalloys production in 2023

Category code 2. 4.2
Ferroalloys Production, kt 219.84
Limestone use, kt 0.214
Gas g [o CH,
Emissions, kt 351.45 0.010
Change in emissions compared to the previous year, % -60.60 -54.58
Change in emissions compared to the baseline year, % -90.05 -98.27
Emissions, % of the total emissions in the sector 2.12 0.16
Key category ("I'- level, "t" - trend) No
The level of detail for ferroalloys (Tier) 3 1
Emission factor, t/t 1.49 0.001
Method for determination of the emission factor for ferroalloys |CS D
Uncertainty of activity data, % 21.2 5.3
Uncertainty of the emission factor, % 5 31.3
Uncertainty of the emission estimation, % 21.8 31.7

Activity data, emission factors, and GHG emissions throughout the entire time series in this
category are shown in Table 3.1.1.11, Annex 3.1.1.

4.4.2.2 Methodological issues

As the activity data in the inventory of emissions in this category, statistical data of ferroal-
loys production provided by SSSU [2] and the five largest Ukrainian ferroalloy enterprises were used
with usinganalytical study, which includes different approaches, particularly extrapolation, expert
judgement and other math and statistical methods [19] for adjustment of amounts of ferroalloys pro
duction for 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, concesititgie and ferroalloys obtained from
the five largest ferroalloys enterprisgoducers. The amounts of ferroalloys production, the weight
of the used ore, concentrate, sinter, reducing agentsfaslaghg materials and waste, as the carbon
content in educing agents, ore, concentrate, sinter, and ferroalloys production for one of this enter-
prisesmanufacturers were determinate by using specific values of these amounts for calculations i
2022, 2023 due to the lack of data received from this manufaatuterse years.

The methodology of calculating emissions in this category corresponds to Tier 3, described
in [1]. In calculations, the scientifiesearch work "Development of methodological recommenda-
tions of greenhouse gas emission factors assessment by refiniagetiod tthe composition of reduc-
ing agents used in ferroalloys production and the carbon content in or&retgg materials, and
waste" [9] was used, applying the calculation methodology of the SE "UKrRTC "Energostal”, which
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made possible to clarify the details of all components used as reducing agetitsnsiag materials,
waste, and fluxes in production of various types of ferroalloys at all enterprises in Ukraine. In fer-
roalloys production, limestone is used as flux,sains from the use of which are accounted in the
total emissions from ferroalloys production in Table 4.19. Besides 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.

4.4.2.3 Uncertainties and timeseries consistency

The key factors that determine uncertainty of the inventory results in this category are the
uncertainty 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 of the enterprises is estimated a¥2IT.Be uncertainty of
the data to estimate the weighted average rate of carbon dioxide emissions in ferroalloys productio
at all enterprises of the sector is estimated %t Fhe uncertainty of data to estimate the average
weighted methane emission factor in ferroalloys production is 34.ZFhe uncertainty of activity
data for methane emission assessment is estimated & 512t uncertainty of estimates of carbon
dioxide emissias in production of ferroalloys for 2023 was 2%8The uncertainty of estimates of
methane emissions in production of ferroalloys for 2023 was 34.68

4.4.2.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of emissions in ferroalloys produc-
tion: analysis of the timseries of activity data (ferroalloy production volumes) and emissions.

4.4.2.5 Categoryspecific recalculations
In this category, no recalculations were made.
4.4.2.6 Categoryspecific planned improvements
In this category, no improvements are planned.

4. 4.3 Al uminium Production (CRT categc

4.4.3.1 Category description

This section is dedicated to aluminium production which is a potentially important source of
carbone dioxide (C¢), and Ck and GFsemissions in the countries where they are produtetthe
only aluminiumplant in Ukraine from 2011 to 2028luminiumproduction was stopped due to lack
of costeffectiveness and high cost of electricity. Estimation of GHG emissions from 2011 till 2022
was no performed in this category. The data ablwhiniumproduction in Ukraine is confidential.

4.4.3.2 Methodological issues
Data of aluminium production was provided by the enterfpiseucer. According to 2006

IPCC Guidelines [1] Tier 1 method for estimatiorGgd, emissions and Tier 2 method for estimation
of Ck and GFsemissiondrom aluminium production, were used.
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4.4.3.3 Uncertainties and timeseries consistency

According to the activity data provided by producing enterprise aluminium has not been
produced since 2010, so the uncertainties in this category were not calculated.

4.4.3.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in aluminium
production.

4.4.3.5 Categoryspecific recalculations

In this category, no recalculations were made

4.4.3.6 Categoryspecific planned improvements
In this category, no improvements are planned.

4. 4.4 Magnesium Production (CRT categc

There is no magnesium production in Ukraine, therefore emissions in this category are no
estimated.

4. 4.5 Lead Production (CRT category 2.

4.4.5.1 Category description

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 are used as a basis forattamefof 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 1990. Table 4.14 shows
the basic data d6HG inventory for carbon dioxide in lead production in Ukraine. The sharp reduc-
tion of emissions in 2022, 2023 araused byhe full-scale invasion of Ukrainey the Russian Fed-
erationwhich led to decrease in lead production respectively.

Table 4.14. The basic data on the results of GHG inventory in lead production in 2023

Category code 2. 4.
Lead Production, kt 2.82
Gas g [
Emissions, kt eq. 1.46
Change in emissions compared to the previous year, % -53.70
Change iremissions compared to the baseline year, % -93.37
Emissions, % of the total emissions in the sector 0.009
The key category No
The level of detail for lead (Tier) 1
Emission factor, t/t 0.52
Method for determination of the emission factorlé&ad D
Uncertainty of activity data, % 20
Uncertainty of the emission factor, % 50
Uncertainty of the emission estimation, % 53.85

4.4.5.2 Methodological issues
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Data of lead production in 2023 were obtained from SSSU [24]. For estimation en@$
sions from lead production, 2006 IPCC Guidelines [1] with default emission factors were used.

4.4.5.3 Uncertainties and timeseries consistency
The uncertainty of activity data of the enterprises is estimated at 20 %. The uncertainty of

data of the default carbon dioxide emission factor in lead production is estimated at 50%. The uncel
tainty of estimates of carbon dioxide emissions in lead praduftdr 2023 was 53.85%.

4.4.5.4 Categoryspecific QA/QC procedures
General QA/QC procedures were applied for estimation of emissions from lead production.
4.4.5.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.4.5.6 Categoryspecific planned improvements

In this category, no improvements are planned.
446 ZincProduction (CRT category 2.4.6)

4.4.6.1 Category description

Zinc is brittle metal, it melts at 419AC
extracted from polymetal ores containing% of Zn in the form of sulfide. Possessing atirosion
properties, zinc uses for galvanizing steel sheet, telegvaph, pipes for various purposes, it is a
component of some pharmaceuticals..@@issions from zinc production form during the smelting
process. The data about zinc production in Ukraine is confidential. Between 1998 and 2005, ther
was no zinc produath in Ukraine. The sharp reduction of emissions in 2022, 2028aased by
thefull-scale invasion of Ukrainey theRussian Federatiomhich led to decrease in zinc production
respectively.

Table 4.15 shows the basic data of the inventory for carbon dioxide in zinc production in
Ukraine.

Table 4.15. The basic data on the results of GHG inventory in zinc production in 2023

Category code . 4.6
Zinc Production, kt o
Gas g [
Emissions, kt eq. 0.10
Change in emissions compared to the previous year, % -53.70
Change in emissions compared to the baseline year, % -99.59
Emissions, % of the total emissions in the sector 0.0006
The keycategory 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, % 20
Uncertainty of the emission factor, % 50
Uncertainty of the emissiagstimation, % 53.85

4.4.6.2 Methodological issues
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Data of zinc production in 2023 were obtained from SSSU [24]. For estimation&i&
sions from zinc production, 2006 IPCC Guidelines [1] with default emission factors were used.

4.4.6.3 Uncertainties and timeseries consistency

The uncertainty of activity data of the enterprises is estimated at 20 %. 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 emissions in zinc praoluddr 2023 is 53.85%.

4.4.6.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of emissions in zinc production.

4.4.6.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.4.6.6 Categoryspecific planned improvements

In this category, no improvements are planned.

4.5 Non-energy Products from Fuels and Solvent USEERT category 2.D)

Emissions in this category are estimating as a result of the first use of fossil fuels as a produc
for primary purposes such as Lubricant, Paraffin Waphalt and Solvent us&he main CQemis-
sions occur only from Lubricant and Paraffin Wax use. In other categories only the precursors ant
SO emissions occurs. The subcategories in this category are not the key sources of emissions. T
activity data collection, methodological issues as well as QA/QC procedures etc. by the categorie
included in this category are shown by each subcategoejeant chapters.

4.5.1Lubricant Use (CRT category 2.D.1)
4.5.1.1 Category description

Category description

Lubricants are mostly used in industrial and transportation applications. Lubricants are pro-
duced either at refineries through separation from crude oil or at petrochemical facilities. They car
be subdivided into (a) motor oils and industrial oils, andj(bases, which differ in terms of physical
characteristics (e.g., viscosity), commercial applications, and environmental iatenterannual
deviations that occur in lubricants use for 1996, 1997, 1998 was associated with start of the importe
tion to Ukraine of lubricants use since 1996 as well as the changes in 2007 which occurred due t
sharp growth of production and importation of lubricants in Ukraine. The sharp decline of lubricants
consumption wasaused byhefull-scale invasion of Ukrainky the Russian Federatiomwhich led
to a deep crisis of the producers and consumers, who either completely stopped production/consum
tion or significantly reduced ifTable4.16 shows the basic data on the results of GHG inventory in
lubricant use.
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Table 4.16. The basic data on the results of GHG inventory in lubricant use in 2023

Category code 2.D.1
Lubricant Use, TJ 6592.58
Emissions of CQ kt 96.69
Ch a n g eemissions fompared to the previous year, % 3.74
Ch a n g e:emissions fompared to the baseline year, % -68.28
Emissions, % of the total emissions in the sector 0.58
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, % 22.36
Uncertainty of the emission factor, % 50.09
Uncertainty of the emission estimation, % 54.85

Activity data, emissioffiactors, and GHG emissions throughout the entire-8arees in this
category are shown in Tab%8.1.1.13, Annex 3.1.1.

4.5.1.2 Methodological issues

Estimation of emissions from lubricants use was carried out in accordance with 2006 IPCC
Guidelines (Tier 1) with application of ODU and the default carbon content factor [1]. The data of
lubricants norenergy consumption in 2023 was taken with using pgtedion method, based on data
of crude oil production in Ukraine in 202023, in accordance wi2006 IPCC Guidelines, Chapter
5.3 Resolving data gaps [1J.0 avoid double counting between the Energy and IPPU sectors, data
of lubricants norenergy consmption from 1990 till 2021 are not accounted in emission estimations
in the "Energy sector'FFor 2014- 2023, the analytical study, which includes different approaches,

particularly extrapolation, expert judgement and other math and statistical methods [19] was takel
into account in adjustment of amounts of lubricants consumption.

4.5.1.3Uncertainties and timeseries consistency

The uncertainty of data of lubricants consumption obtained from statistical data is taken at
22.36%. The uncertainty of the default emission factors (ODU) is set at 50I6@%ncertainty of
CO; emissions from lubricant use in Ukraine amounts to 54.85%.

4.5.1.4 Categoryspecific QA/QC procedures
General QA/QC procedures were applied for estimation for GHG emissions in lubricant use.
4.5.1.5 Categoryspecific recalculations
In this category, no recalculations were made.
4.5.1.6 Categoryspecific planned improvements
In this category, no improvements are planned.
4.5.2Paraffin Wax Use (CRT category 2.D.2)

4.5.2.1 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
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waxes are separated from crude oil during the production of light (distillate) lubricating oils. Paraffin
waxes are categorized by oil content and the amount of refineGadiat paraffins are recovered from
crude oil production in production of light (distillation) lubricating oils, and they areckasgsified

based on oil content and purity. Waxes are used in a number of different applications, for example
in applicationsuch as: candles, corrugated boxes, paper coating, board sizing, food prodaction, w
polishes, surfactants (as used in detergents) and many others. Emissions from the use of waxes der
primarily when the waxes or derivatives of paraffins are combusted during use (e.g., caihéles).
sharp decline of solid paraffin wax consumption wassed byhefull-scale invasion of Ukrainiey

the Russian Federatiowhich led to a deep crisis of the producers and consumers, who either com-
pletely stopped production/consumption or significantly reducédhlile4.17 shows the basic data

on the results of GHG inventory in wax use.

Table 4.17. The basic data on the results of GHG inventory in solid paraffin wax use in 2023

Category code 2.D.2
Solid Paraffin use, TJ 515.96
Emissions of CQ kt 7.57
Ch a n g eemissions fompared to the previous year, % 31.63
Ch a n g e:emissions fompared to the baseline year, % -93.84
Emissions, % of the tot@missions in the sector 0.05
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, % 22.36
Uncertainty of the emission factor, % 100.12
Uncertainty of the emission estimation, % 102.59

Activity data, emission factors, and GHG emissions throughout the entirsdines in this
category are shown in Tab%8.1.1.14, Annex 3.1.1.

4.5.2.2 Methodological issues

Estimation of emissions from solid paraffins use was carried out in accordance with 2006
IPCC Guidelines (Tier 1) with application of ODU and the default carbon content factor [1]. The data
of paraffin waxes production in 2023 was taken with using exta#ipal method, based on data of
crude oil production in Ukraine in 202D23. The data of exports, and imports of paraffin waxes
were obtained fron8SSU[22]. For 20142023, the analytical study, which includes different ap-
proaches, particularly extrapolati, expert judgement and other math and statistical methods [19]
was taken into account in adjustment of amounfsacdffinsconsumption.

To convert consumption data in mass units into the conventional energy units (TJ), default
coefficients ofcalorific value according to the Guidelines in Section 1.4.1.2, Chapter 1, Volume 2
(Energy) were used.

4.5.2.3 Uncertainties and timeseries consistency

The uncertainty of data of production, exports, and imports of lubricants obtained from sta-
tistical data is estimated at 22.36%. The uncertainty of the default factors (ODU) and the carbor
content is taken at the level of 100.12% due to the fact thatthers are associated with highly
limited information of national use of solid paraffifgus, the uncertainty of G@mission from
solid paraffins use in Ukraine amounts to 102.59%.

4.5.2.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in paraffin wax
use.
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4.5.2.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.5.2.6 Categoryspecific planned improvements

In this category, no improvements are planned.

4.53 Other (CRT category 2.D.3)
4.5.3.1 Solvent use (CRT category 2.D.3.a)

4.5.3.1.1 Categonrydescription

The category Solvents Use, accounts emissions from paints and solvents use in industry ar
households. Solvents and paints contain substances, use of which results in emissions into the air
nortmethane volatile organic compounds (NMVOC). Besides, #isos also includes NMVOC
emissions from production and processing of certain chemical products.

In the current inventory, in GHG emission estimations for the period of-2998 results
obtained in the framework of tteeientificresearclhwork "Development of methods for estimation
determination of greenhouse gas emissions from use of varnishes and paints" (the pietforoer
vationCenter "Ecosystem") [14] were used.

NMVOC emissions in the Solvents Use category in 2023 amounted to 47.85 kt, having de-
creased compared to the baseline 1990 (274.46 ki§2$6 %. The significant reduction in emis-
sions is due to the sharp decline in oil processing and consumption afgaintarnishes for indus-
trial and household purposes.

4.5.3.1.2 Varnishes and Paints Use

4.5.3.12.1 Category description

The category Varnishes and Paints Use includes 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: machineenng, wood processing, repair
and construction, and textile industry. As a result of doing business in these sectors, NMVOCs emit
ted into the air as vapor of volatile organic solvents at paiiit@30 %, while dryingi therest of
the volatile compnent [46].

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 equipment, aomhatings composition. They are calculated separately
for decorative and industrial coatings, due to significant technological differences [15].

In accordance to results of the current inventory, NMVOC emissions from paints use in
Ukraine in 2023 amounted to 40.99 kt, having decreased compared to the baseline 1990 (154.16 |
by 73.41% 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.

4.5.3.12.2 Methodological issues

In this inventory, for the time series of 1992023 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 saeasgarch work [14], which
was implemented by the Innovation Center "Ecosystem".
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The basis of NMVOC emission calculations in this category, in accordance with [14], was
the principles described in 2013 EMEP/EEA [6], and the emission equation, which meets the require
ments and methodological approaches of Tier 2. NMVOC emissions améatedcaccording to the
equation:

0 03— 00— 0 3—0— |, (1)
where:Q; - volume of NMVOC emissions in the inventory yeatr, t;

P 1 setamount of coating consumption;

Korg T share of organically soluble coatings in the product consumption structure;
Kw i share ofwatersolublecoatings in the consumption structure;

KrorgT NMVOC emission factor for organically soluble coatings;

KewT 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 subcatgisrused, namely:

1 by the key uses of coatings, which at the same time are the key air pollutants in this
category: decorative coatings (construction and building, household use), as well as in-
dustrial coatings (protective coatings for metal surfaces, treatment and pairtiimg
ber, automotive, repair of motor vehicles, painted rolled metal, other industrial use);

1 by solvent type (organibased coatings, watbased coatings);

1 by the coating use structure according to the type of use and the type of solvent;

1 by the inventory number in the tinseries of 1992023.

The basis of the activity data is data of the amount of coating consumption in Ukraine in

1990- 2023 taken based on production, exports, and imports data obtaine83®Uuj2, 22].

NMVOC emission factors (kKrgand Kew). Given that after work using coatings NMVOCs
contained in the coatings 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 bvolatile organic compounds in coatings. The only exceptions are oil 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 pafrsn 12 to

19%. For oil paints, the volatile substance is mostly an organic solvent. Accordingly, we assume the
the limits of volatile substance content in oil paints meet the limits of volatile organic substances in
the commercial product. At the sarmme, starting from 2007, according to the State Classifier of
Industrial Products SCIP 04897, a number of adjustments were introduced into the statistical re-
porting on the commodity grodPaints and Varnishes Dissolved in a Different Medium®, for statis-
tical reporting of organically soluble coating producers.

Scientificresearch work [14] analyzes and systematizes the state standards, as well as prc
ducers data of the content of volatile organic compounds in paints in Ukraine, the results of the re
search are summarized in Table 4.18.

Table 4.18. Content of volatile organic compounds in coatings in Ukraine

h h h NMVOC emission factor, g/kg
Type of coating T Ci;[?ﬁ;oi;v; p(;i?aé € Organically solu- | Water soluble
ble (KPorg) (KPW)

. . I* 230 33
Decorativecoating I 530 33
e 740 33
v* 800 33
) , V* 500 33
Industrial coating VI 720 33
VII* 480 33
VII* 740 33

**| - for construction and building (professional coating); ibusehold use of coating (npnofessionatoating); - protective covers
for metal surfaces; IV treatment and painting of timber; \automotive; VI- repair of motor vehicles of all kinds; VIpainted rolled metal; VIt
other industrial coating.
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4.5.3.12.3 Uncertainties and timeseries consistency

For emissions in this category, uncertainties were not estimated.

4.5.3.12.4 Categoryspecific QA/QC procedures

For estimation of emissions in the category, the following quality control procedures were
applied:

1 comparison ohctivity data from different sources;

1 comparison of emission along the thseries and analysis of activity data trends.

4.5.3.12.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.5.3.12.6 Category-specific planned improvements

In this category, no improvements are planned.
4.5.3.1.3 Degreasing and Dry Cleaning

4.5.3.1.31 Category description

NMVOC emissions in this category are related to technical kerosene and white spirits use
for degreasing, as well as to trichlorethylene and tetrachlorethylene (perchlorethylene) use by dry
cleaning companies. NMVOC emissions from degreasing digietleaning processes in 2023
amounted to 0.69 kt, which is 96.3% less than the same indicator for 1990 (18.41 kt). Emission dat
for the entire time series are displayed in Fig. 4.7.

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 4.7. NMVOC emissions from degreasing and dry cleaning
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4.5.3.13.2 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 kerosene. T
data ofwhite spirit and technical kerosemere taken from SSSU [24Data of trichlorethylene and
tetrachlorethylene (perchlorethylene) imports were provide8®$U[22]. The NMVOC emission
factor for degreasing agents was taken as default value of 1.0; for chemicals used in dry icleaning
0.8, according to [16].

4.5.3.13.3 Uncertainties and timeseries consistency

For emissions in this category, uncertainties were not estimated.
4.5.3.13.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of emissions in the category.
4.5.3.13.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.5.3.13.6 Categoryspecific planned improvements

In this category, no improvements are planned.

4.5.3.1.4 Chemical Products: Production and Processing

4.5.3.1.41 Category description

The category covers NMVOC emissions from production and processing of various chemi-
cal products. In this inventory, estimation of NMVOC emissions fronfdhewing industries are
included:
oil refining;
production of benzene and xylene;
production of paints and varnishes;
production of chemical fibers and threads;
manufacture of glass fibers
production of rubber products, tire, and rubber footwear.

Due to the fact that Ukraine has a wead#veloped chemical industry, NMVOC emissions in
this category are significant (petrol oil, cyclohexane, acetone, cyclohexanone, etc.). In 2023, NMVOC
emissions from production and processing of chemical productseaaio 6.2 kt, which is 93.9%
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 emissionsiithe category is presented in Fig. 4.8.
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Figure 4.8. NMVOC emissions from chemical production and processing
The data of volumes of chemical production and were taken accordB§30[24]. The
amounts of primary oil refining were obtained from enterpsgeslucers.
Due to the fact that there is insufficient 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[27]) were used, which are similar to
Ukrainian chemical industry technologies.

4.5.3.14.3 Uncertainties and timeseries consistency
For emissions in this category, uncertainties were not estimated.

4.5.3.14.3 Category-specific QA/QC procedures

General QA/QC procedures were applied for estimation of emissions.

4.5.3.14.5 Categoryspecific recalculations

In this category, no recalculations were made.
4.5.3.14 .6 Categoryspecific plannedimprovements

In this category, no improvements are planned.
4.5.3.2Road paving with asphalt (CRT category 2.D.3.b)

4.53.2.1 Category description

In the category Road paving, road bitumen is accounted for, which is produceididtyon
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 residue of dittistillation. GHG emissions take place in road bitumen
production at enterprises and when paving asphalt. In road bitumen productioNCOXOCO, and
NMVOC emissions ta& place, and while laying asphalonly NMVOC. No GHGs occurs in this
category. Table 4.19 shows the basic data on the results of GHG inventory in road paving with as
phalt.
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Table 4.19. The basic data on the results of GHG inventory in road paving with asphalt in 20232

Category code 2.D.3.b
Production of road bitumen, kt 17.21
Gases NOXx CO NMVOC | SO,
Emissions from production, kt 0.0006 0.003 |0.00039 |0.0003
Emissions from paving, kt 0.275

Change in emissions compared to the previous yea|-31.4
Change in emissions compared to the baseline yeal -99.2
Emissions at production, % of thetal in the sector | 0.0062 0.012 |0.0004 0.0017

Method for determination of the emission factor D D D D

Detail level (Tier) 1 1 1 1
Emission factor at production, t/t 0.00003564 0.0002 |0.000023 | 0.0000177
Emission factor at paving, kg/t 0.016

4.53.2.2 Methodological issues

Road bitumen production volumesreobtained from SSS[P]. In accordance with 2019
EMEP/EEArecommendation] the default emission factors of GHG emissions for asphalt produc-
tion were used.

4.53.2.3 Uncertainties and timeseries consistency

The uncertainty of N@Q CO, NMVOC and S@emission estimation results was not deter-
mined in this category.

4.53.2.4 Category-specific QA/QC procedures

The general quality control and assurance procedures were applied to estimation of GHC
emissions at road paving 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.

4.5.3.3 Asphalt roofing (CRT category 2.D.3.c)

4.53.3.1 Category description

Petroleum bitumen is produced by oxidation of residual productkredt 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 used. In the process
of their production emissions of CO and NMVOCs occurs. No GHGs occurs in this category. Ac-
cording to the data obtained, there was no roofing bitumen productidirame in 2023 (see Table
4.20).
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Table 4.20. The basic data on the results of GHG inventory in construction and roofing bi-
tumen production in 2023

Category code 2.D.3.c
Bitumen Production, kt o
Gases g [ NMVOC
Emissions, kt 0.00 0.00

Change in emissions compared to the previous ye -100.0
Change in emissions compared to the baseline ye -100.0

Emissions, % of the total emissions in the sector |0.00 0.00
Method for determination of the emission factor D D

Detail level (Tier) 1 1
Emission factor, n/t 0.00001 0.000005

4.53.3.2 Methodological issues

Data of production volumes @bnstruction 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 production were obtained from
SSSU[2].

Estimation of CO and NMVOC emissions was conducted in accordancd 986 IPCC
Guidelined5] (section 2.7.1.1), using the default emission factors for oxidized bitumen.

4.53.3.3 Uncertainties and timeseries consistency

The uncertainty of CO and NMVOC emission estimation results was not determined in this
category.

4.53.3.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions from construc-
tion and roofing bitumen production.

4.53.3.5Category-specific recalculations
In this category, no recalculations were made.
4.53.3.6 Category-specific planned improvements

In this category, no improvements are planned.
4.6 Electronics Industry (CRT category 2.E)

In Ukraine, theelectronics 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 is no emission assessment in this category.

4.7 Product Uses as Substitutes for OzonBepleting Substances(CRT 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 solvents was 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 of estimation and determination of emissions of
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hydrofluorocarbons, perfluorocarbons, and sulfur hexafludridi@hd by Cherkasy NIITEKHIM*
"Development of methods of estimation and determination of emissions of hydrofluorocarbons, per-
fluorocarbons, and sulfurexafluoride” [12]. 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 mamaaictstallation, 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 Systems
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, installations, machinery, plants, etc.). In 2023,
the level of disaggregation of the refrigeration equipment categasydeepened to four key sub
categories.

In 2022 in subcategory of domestic refrigerators only manufacturer in Ukraine, which as a
refrigerant used isobutane@®0a and HF€134a tocheck tightness of evaporator units of domestic
refrigerators ceased its activities, therefore in 2023 refrigerants for domestic refrigerators were no
consumed.

More than 20 producers in Ukraine manufacture commercial and industrial refrigeration
equipment. As part of the NIR preparation, industrial activity of producers of cooling systems whose
production structure is dominated by autonomous systems was analyzed.

According to data obtained from the State Customs Service of Ukraine in production of au-
tonomous commercial equipment, they use HRB3a, HFG404a and also HFG07a and in some
years, such as 2002013, there was a separate delivery of HEGa and HF&L25 refrigerants in
containers used for new filling of equipment. As for industrial refrigeration equipment from year to
year there was importation approximately 60 per cent for-dB4a and 40 per cent for HHDA4a,
plus in some years there was a separdieetly of HFG-143a and HFEL25 refrigerants in containers
for additional charging of equipment. Industrial refrigeration equipment ini2000 was supplied
in small quantities and contained HA@3a and HF€134a as refrigerants. Imports of refrigeration
equipment containing HF@25 began in 2002, as well as refrigerant HF34a start since 2004.

As the refrigerants in transport refrigeration HE84a, HFC404a also in some years HFC
410a, HFG402a, HFG452a and HFE&07a were used.

Data on activities in the refrigeration equipment category are based on data received fron
refrigeration equipment manufacturers, as well as the data obtained from SSSU. Table 4.21 summ
rizes results of GHG inventory in production and operation of re&iger equipment in Ukraine.

Table 4.21. Basic data on results of GHG inventory in production and operation of refriger-
ation equipment in Ukraine in 2023

Category code 2.F.1.A 2.F.1.B 2.F.1.C 2.F.1.D
Types of refrigeration Commercial Domestic Industrial Transport
equipment
Gas* HFC- HFC- | HFC- HFC- HFC- HFC- HFC- HFC- | HFC | HFC- | HFC-
134 125 143a 134a 1314 125 143a 134 -125 | 143a 32

Activity data

Filled into new manufac-

tured products (primary | 43.57 | 2.99 3.49 0.0 5.8 0.00071| 0.00081| 1.07 0.58 0.62 0.004
filling + tightness test), t
HFCbalance after the init o5 20| 593 | 341 0.0 5.67 | 0.00068| 0.00079| 1.07 | 0.61 | 0.65 | 0.004

tial filling, t
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Category code 2.F1.A 2.F.1.B 2.F1.C 2.F.1.D
Types of refrigeration Commercial Domestic Industrial Transport
equipment
Gas* HFC- | HFC- | HFC- | HFC- | HFC- | HFC- | HFC- | HFC- | HFC | HFC- | HFC-
134 125 143a 134a 134 125 143a 134¢( -125 143a 32
Amount of HFC in exportel ¢ 1 | 50031 | 0.0026| 00 | 1.15 - - ; - - -
equipment, t
Amountof HFCInim- | 1, 35| g1g | §23 | 2033 | 152 | 034 0.26 | 0.003 | 0.000| 0.00 | 0.00
ported equipment, t
In operating Systems (av1 559 34 7102 | 60.85 | 1103.28| 3532 | 2.34 1.49 | 16.84 | 12.09| 13.91 | 0.016
erage annuatocks)
Category characteristics and estimated factors
Key category L/T
Detail level (Tier) 20 2a 20 2b 2b 20 2b 2a 2a 2a 2a
Methodfqrdetermlnatlon D D D D D D D D D D D
of the emission factor
Emission factor at pri-
mary (initial) filling, % 2 2 2 05 3 3 3 2 2 2 2
Emission factor when
testing equipment for HFCs are not applied 100 HFCs are not applied
tightness%
Emission factor at opera-
tion of the equipmen 15 15 15 0.5 25 25 25 15 15 15 15
Initial charge remaining
factor,% 80 80 80 70 100 100 100 50 50 50 50
Average life of equipmen| 15 15 15 18 25 25 25 15 15 15 15
GHG emissions
HFCs emissions
at the primary (initial) fill-
ing of the equipment 0.87 0.06 0.06 0.0 0.18 | 0.00002 | 0.000025| 0.021 | 0.01 | 0.012 |0.00007
(from manufacturing), t
at exploitation of the 53.90| 10.65 | 9.04 | 5.52 8.83 | 0.58 0373 | 253 | 1.81 | 2.08 | 0.0024
equipmen{from stocks), t
from liquidation ofthe | 3 45| 346 | 528 | 5774 | - : : 030 | 041 | 049 | -
equipment, t
Emissions of HFCs in the
refrigeration equipment | 89.26 | 14.17 | 14.37 63.26 9.01 0.59 0.373 2.84 2.24 2.59 | 0.0025
category, total, t
Global Warming Potentia
(GWP), t CQucq It 1300 3170 4800 1300 1300 3170 4800 1300 3170 | 4800 677
ggzeem'ss'ons' ktof | 116.0| 4493 | 68.99 | 8223 | 117 | 187 1.79 3.60 | 7.10 | 12.42 | 0.003
eq
Change in emissions con|
pared to the previous 11.53 -3.04 -6.96 -27.61 | -9.27 -12.27 -8.93 -23.99 | -33.2 | -33.76 | -9.44
year,% '
Uncertainty level estimation

Uncertainty of activity 34.02 26.13 39.78 39.49
data, %
U_ncertalnty of the emis- 2437 20.6 3278 2437
sion factor, %
Total uncertainty of the 4185 3327 5154 46.40

emission estimation, %

* Mixed fluoro-gases aregepresented by components.

4.7.1.1.2 Methodological issues
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4.7.1.1.2.1 Commercial, domestic and industrial refrigeration

Estimation of hydrofluorocarbon emissions from domestic, commercial and industrial re-
frigeration for production, operation and liquidation of refrigeration equipment was performed with
using method 2a and 2b.

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-
bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg &6the national level (State En-
terprise "Cherkasky NIITEKHIM", 2012) [12] was used, which is base@@f}6 IPCC Guidelines
[1] and2000 IPCC Guidelinept].

Activity data were obtained or calculated on the basis of the raw data obtained from enter-
prisesproducers of refrigeration equipmefor 2014- 2023, the analytical study, which includes
different approaches, particularly extrapolation, expert judgement and other math and statistical mett
ods [19] was taken into account in adjustment of amourtgdybfluorocarbonsonsumption, export
and import.

Estimation of HFC emissions in production was based on data of the enteppodesers
on the amount of HFCs used for initial filling and tightness testing of the equipment (if such technical
operation was executed). When calculating the total of HF@icurrent stock of equipment, the
average factor of filling a piece of equipment with refrigerant is used, which was adopted taking into
account the amount of filling for each type of cooling systems. Estimation of emissions from opera-
tion of imported quipment, which constitutes the current HFC bank in the refrigeration equipment
category, was made based on the stock of refrigeration equipment imported into Ukraine by the ke
types of equipment and the estimated total content of the cooling agenbhakedelevant factors.

The calculations of emissions from disposal in domestic refrigeration was calculated using the defaul
factor, in accordance with IPCC 2006 guidelines [1] and sciem&fiearch work [12]. The calcula-

tion of emissions from liquideon of the equipment from domestic refrigeration was performed since
2017 in relation with use of assumed life time of the domestic equipment as 18 years, what is relate
with unstable economic situation in Ukraine which influenced on the reducingmirtieasing abil-

ity of the population and accordingly 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 popt
lation for the repair of domestic refarators in accordance with expert assessment [23] of the scien-
tific 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.

4.7.1.1.2.2 Transport refrigeration

Estimation of emissions from manufacturing, exploitation and disposal in transport refriger-
ation was carried out in accordance with IPCC 2006 guiddlijegcording to the Tier 2a using the
default factorThe activity datavere obtained from the main companies using HFCs as a refrigerant
in automobile and railroad refrigerators for 202023, such as "Ukrzaliznytsia" and largest certified
companies of the installation of refrigeration equipment on motor vehicles, withthseimethod of
extrapolation to determine the amount of used HFCs in @4 in accordance with IPCC 2006,
Chapter 5: Time series consistency, Section 5.3 Resolving data gaps.

Emissions in 1990999 years did naiccur, because according to customs statistics HFCs
used as refrigerant in refrigerating equipment to Ukraine were not imported, 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 on the Methods of determination and results of calculations for est
mating the uncertainty of activity data and emission factdngdiofluorocarbons (HFCs), perfluoro-
carbons (PFCs), and sulfur hexafluorided)Si the major categories (SE "Cherkasky NIITEKHIM",
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Cherkasy 2012) [12], based on the specific characteristics of source and calculated data formation
2020.

The calculated uncertainty of the activity data in the category of domestic refrigeration
equipment in 2023 amounted to 26%3of commercial refrigeration system34.02%, of industrial
cooling systems 39.79% and transport refrigeratidn39.49%. The uncertainty of the default HFC
emission factors used in the subcategory of domestic refrigeration equipment in 2023 Was 20.6
commercial refrigeration systerns24.37%, industrial cooling systenis32.78% and transport re-
frigerationi 24.37%. The ptal emission estimation uncertainty in 2023 made up in the domestic
refrigeration sukcategoryi 33.27%, commercial refrigeration systemg1.85%, industrial cooling
systemd 51.54% and transport refrigeratian46.40%.

4.7.1.1.4. Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in HFC use.

4.7.1.1.5. Categoryspecific recalculations

In this category, no recalculations were made.
4.7.1.1.6. Categoryspecific planned improvements

See in Annex A8.2 Improvement plan for NIR.

4.7.1.2 Mobile Air-Conditioning

4.7.1.2.1 Category description

The object of HFC emission estimates in this category is mob#epaditioning 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 2023, 11 vehicle 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 the periddrureview reduced significantly com-
pared with the previous years. Manufacture of vehicles equipped witbraditioning decreased in
the reporting year.

The refrigerant used in automotive and bus air conditioning systems was exclusively HFC
134a.

In accordance with recommendation of ARR 2023 1.13 calculation of emissions was con-
ducted with concerning of refilling of the MAC from year to year starting from 2001 due to the fact
that the average refilling period for mobile air conditioners in Ukrair2e3 years.

In Ukraine, production of transport aonditioning (for railway transportation, heavy vehi-
cles in the construction and mining industries) is performed by six companies, three of them-use HFC
134a, HFC407Cc in production of aiconditioning systems.

Manufacture of air conditioning systems for river and marine vehicles in 2023 in Ukraine
was performed by 2 producers. They mainly used fresh or sea water as refrigerants for main air coa

ing.

Table 4.22. Basic data on results of GHG inventory in production and operation of vehicle
SACs in Ukraine in 2023
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Category code 2.F.1.E
Mobile Air Conditioning Systems
Category (type of equipment
gory (typ aup ) for au- for railway transport for sea

tomo- and

tive ve- river

hicles transport

Gas HFC- HFC- HFC-
134 | HFC32 1 155 134d
Activity data
fLijlﬁr?gc))f :he refrigerant in MAC manufacturing (primary 1,923 0.014 0.000 0.422 NA
HFC stock after the initial filling, t 1.216 0.014 0.000 0.420 NA
Amount of HFCs in exported MACs as parts of vehicleg 102.73 0.0 0.0 0.0036 NA
Amount of HFCs in imported MACs as parts of vehicleg 388.16 | 0.00004 | 0.000049 | 0.00009 NA
Amount of HFCs refilled for MACs in vehicles, t 120.45 NA NA NA NA
HFC stock in MACs as parts of vehicles, t 2331.4 0.16 0.13 1.43 NA
Category characteristics and estimated factors
Key category T
Detail level (Tier) 20 20 20
Method for determination of the emission factor D D D
Emission factor agprimary (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
Emission factor at refilling of the equipment, % 2 NA NA
Disposalemission factor, % 50 50 50
Average lifetime of the equipment, years 18 25 15
GHG emissions
HFCs emissions
at the primary (initial) filling of the equipment, t 0.006 | 0.00007 | 0.00007 0.0021 NA
at operation of the equipment, t 349.71| 0.024 0.019 0.245 NA
at the refiling of the equipment, t 2.41 NA NA NA NA
at liquidation of the equipment, t 188.53 - - - NA
Emissions of HFCs in category, total, t 538.25| 0.024 0.019 0.247 NA
GWHP, t CQqlt 1300 677 3170 1430 NA
GHG emissions, kt of CQq 699.72| 0.016 0.061 0.321 NA
Change in emissions compared to the previous year, % 13.86 -6.73 -15.23 14.14 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 emission estimation, % 35.11 45.04 NA

4.7.1.2.2 Methodological issues

Estimation of emissions of hydrofluorocarbons in the category of mobi®aditioning
systems was performed for production and operation @baiditioning systems as parts of vehicles
using Tier 2a approach. Disaggregation objects in this category were SACs for vehicles and rai
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) [12] was used, which is base@@f)6 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 MAC filling and tightness testing of the equipment (if such a tech-
nical operation was executed). When calculating the total of HF@® inurrent stock of vehicles,
the average coefficient of filling a piece of equipment with refrigerant was used, which was adoptec
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taking into account the amount of filling for each type and class of MAC. 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 indpotteUkraine by the key types of equip-
ment and the estimated total content of HFCs in it based on the relevant factors. Estimation of emis
sions from liquidation of equipment was carried out in accordance with IPCC 2006 guidelines [1]
using the default fator. Estimation of emissions from refiling of the equipment was carried out in
accordance with IPCC 2006 guidelines [1] using the default factor with esirepolation methods

[1], for 20017 2010 and 2014 2017 based othe data obtained from enterprisagorters and the
current bank of HFC134a.

Official data of thesSSU22] 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 in Ukraine.

Activity data for the MAC sultategory 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 vehicle
[1, 23]. According to the data obtained from enterprise®02here was no HFC25 and HFE32
use forprimary filling in rail transport and heavy machinery. In 2021 the use of the 325Gnd
HFC-32 forprimary filling in rail transport and heavy machinery resumed in accordance with data
obtained from enterpriselSor 2014 2023, the analytical study, which includes different approaches,
particularly extrapolation, expert judgement and other math and statistical methods [19] was takel
into account in adjustment of amountshgtirofluorocarbonsonsumption, export and import.

Calculation of emission®r railway transport from production was performed on the basis
of the data of the amount of HFCs used for the initial MAC filling. When calculating the total HFC
stock in the operated fleet of railway transport, the maximum refrigerant filling of tigeenut unit
factor (6 kg) was used, which was adopted taking into account data obtained from experts in the fiel
of air conditioning 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
current unstable economic situation in Ukraine, the small saiesw cars and the insignificant im-
portation 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 yedraking into account the national circumstances like
unstable economisituation after the collapse of the USSR in 1991 automobile vehicles in Ukraine
were produced at only one plant, which does not produce cars witbraiitioned equipment till
2000. In accordance with scientific research work [13] the import of theoaditoned 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 SSSU [22] of the total import of cars from
Europe and other countries were disehich covers all imports, both public and private. Since the
import of cars in 19981999 compared to 2000 was not significant, and accordingly the use of HFC
in automotive air conditioners was also insignificant, a conservative decision was taksscmiot
for HFCs emissions use from automobile@nditioners beginning from 2000, since there was more
accurate information starting from the year 2000. And according to the data received from the SSSI
[22], import of cars before 1998 was very insigraht, 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 of the import of cars in 198809, obtained from
SSSU [22] and using extrapolation methods, the calculation of emissions from Mobile air condition-
ing systems in automotive vehicles for the period of 199899 was made. The values of the bank
in existing equipment for 2000 was cdkted taking into account the estites of HFCs included in
imported automobile vehicles in 1998 and 1999 basing on the data of the total import of cars obtaine
from the SSSU [22] in accordance with scientigsearch work [12].

4.7.1.2.3. Uncertainties and timeseries consistency
The uncertainty level of the activity data and emission factors in the mobderalitioning

system (MAC) category was determined based on the Methods of determination and results of calct
lations for estimating the uncertainty of activity data and eomsgctor of hydrofluorocarbons
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(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride) (fBRhe major categories (SE "Cher-
kasky NIITEKHIM", Cherkasy 2012) [12].

For each MAC category (road, railway vehicles), the specific uncertainty factors that af-
fected calculation of the uncertainty level of the activity data and emission factors in 2022 were de:
termined.

The uncertainty level of activity data in the MAC subcategory for the road transport in 2023
amounted to 26.1%, that of default emission factar23.45%, the total emission estimation uncer-
tainty for the MAC category for road transport accounted for 3%11

The uncertainty level in the MAC sector for road transport in 2022 remained at the level of
the previous year: the uncertainty of activity da@6.13%, the default emission factors23.45%,
the total emission estimation uncertainty in the-sategoryi 35.11%.

The key factors contributing into uncertainty of activity data estimation in the MAC 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 of imported railway transport vehicles
equipped with MACs with HFC refrigerants.

The uncertainty level of activity data in the SAC subcategory for the railway transport in
2023 amounted to 34.38, that of default emission factors29.15%, the total emission estimation
uncertainty for the MACs category for railway transport accounted for 45.04

4.7.1.2.4. Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in HFC use.

4.7.1.2.5. Categoryspecific recalculations

In this category, no recalculations were made.

4.7.1.2.6. Categoryspecific planned improvements

See in Annex A8.2 Improvement plan for NIR.

4.7.1.3. Stationary Air Conditioning

4.7.1.3.1 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 aiconditioning equipment 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 comditare imported to Ukraine.

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);

1 industrial air conditioning systems, including autonomous (with a-lsuréfrigeration

unit) ones.

In accordance with provisional main finding 1.14 of the Review of the 2023 annual submis-

sion of Ukraine calculation of emissions from industrial air conditioning systems wasfondde

T
T
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dustrial AC categoryThe input data characterizing the status of the stationary air conditioning cate-
gory, as well as data on results of the GHG inventory in 2023 in Ukraine are summarized in Table

Category code 2.F.1F
Domestic air conditioners Semtindustrial air conditioners
Category (type of equipment) (split systems, floor domestic
air-conditioners)
Gas* HFC- HFC- HFC- HFC- HFC- HFC- HFC-
32 134¢ 125 32 125 1344 143
Activity data
Use of a refrigerant in equipment manufa
turing (primary filling + tightness test), t - - - - - - -
When testing tightness, HFCs are not use
HFC-balance after the initial filling, t - - - - - - -
Amount of HFC in exported equipment, t - - - - - - -
Amount of HFC in imported equipment, t| 531.98 - 372.68 | 45.1 28.36 14.21 0.002
HFC balance in operated equipment, t 5864.93| 30.92 | 3538.38| 353.55| 207.82 136.15 2.31
Category characteristics and estimated factors
Key category 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
Emission factor at primary (initial) filing/ 0.7 0.7 0.7 1.0 1.0 1.0 1.0
Em|SS|onfactor when testing equipment fq HECs are not used
tightness%
Emission factor at operation of the equip- 5 5 5 15 15 15 15
ment,%
Disposal emission factotp 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 of the equip-
ment (from manufacturing), t i i i i i i i
S"’t‘gg’(f)"c’fat'on of the equipment (from | ,q3 55 | 155 | 176.92 | 53.03 | 3117 | 2042 | 0.347
from liquidation of the equipment, t 44.23 1.83 44.29 - - - -
Emissions of HFCs in the air conditioning 557 47| 337 | 22121 | 5303 | 3117 | 2042 | 0.347
category, total, t
GWP, t CQ.edt 677 1300 3170 677 3170 1300 4800
GHG emissions, kt of CQq 228.47 4.383 701.24 | 35.90 98.82 26.55 1.67
Change in emissions compared o the prg 5 g3 | 947 | 768 | -256 | -1.57 | -5.00 | -14.92
ous year%
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.

4.7.1.3.2 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 é6the national level (State En-
terprise "Cherkasky NIITEKHIM", 2012) [12] was used, which is base@@f)6 IPCC Guidelines
[1] and2000 IPCC Guidelinept].

Activity data were obtained from State Custom Service of Ukraine on import and export of
air-conditioning equipment in 2023 and from companies producing conditioning equipine2d14
- 2023, the analytical study, which includes different approaches, particularly extrapolation, expert
judgement and other math and statistical methods [19] was taken into account in adjustment c
amounts ohydrofluorocarbonsonsumption, 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, which was adopted taking into account
the amount of filling for each type and capacity class of SA€d&mestic air conditioners, the factor
of 1.5 kg/unit was used, for sefnidustrial and industrial onés5 kg/unit of equipment.

Estimation of emissions from 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 HF€Cbased on the relevant factors.

Estimation of emissions from liquidation of equipment was carried out in accordance with
IPCC 2006 guidelines [1] using the default factor.

4.7.1.3.3. Uncertainty factors and timeseries

The uncertainty level of the activity data and emission factors iaitteenditioning 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 hexaitide (Sk) in the major categories (SE "Cherkasky NIITEKHIM",
Cherkasy 2012) [12].

For each sulzategory of stationary air conditioning systems, the specific uncertainty factors
that affected calculation of the uncertainty level of the activity data and emission factors in 2022 were
determined.

In the subcategory of domestic agonditioning systems, the main uncertainty factors were:

1 complexity of statistical data samples for identification of the commquidguct range

and establishing import volumes of stationary air conditioning systems withcdC
taining refrigerants;

1 complexity of identification of equipment for domestic, industrial, and seduistrial
air-conditioning in analysis of customs statistics, in particular for those manufacturers
andtrademarksvhere 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 the different con-
ditions of operation of the equipment.

The calculated uncertainty of activity data in 2022 was 20i8 the category of domestic
air-conditioning systems, of the default coefficients usei#.14%, the combined uncertainty of
GHG emission estimation is 25.%.

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 sémdustrial and in-

dustrial airconditioning systems;

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 oirseusirial,
and especially industrial SACs (selection of the refrigerant type, the period of filling the
system with refrigerant, high conditionality of typical emission facabisystem filling
and operation, etc.);

1 difficulty of establishing the average operation period of the equipment in Ukraine.
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The calculated uncertainty level of activity data in the catiegory in 2022 was 44.44, of
the default coefficients uséd29.93%, the combined uncertainty of GHG emission estimation is
51.96%. The highuncertainty level 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 accurat:
count of the number of air conditioning equipment imported to Ukraine.

4.7.1.3.4. Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in HFC use.

4.7.1.3.5. Categoryspecific recalculations
In this category, no recalculations were made.
4.7.1.3.6.Category-specific planned improvements

See in Annex A8.2 Improvement plan for NIR.

4.7.2 Foam Blowing Agents (CRT 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 all types of foam materials and products based on them where hydrofluorocarbon
based foaming agents are used. These subcategories are:

1 onecomponent polyurethane foams (OPF);

1 panels and sandwich panels made of rigid polyurethane foams (RPUF);

T rigid polyurethane foam (PUF insulation by spraying, pouring, injection);

1 extruded polystyrene foam (XPS).

In 2023, hydrofluorocarbons HFC34a, HFGC245fa, HFGC365mfc, HFG227ea, HFEL52a
were used as blowing agents for production and in composition of imports of foam materials (prod-
ucts).

In the subcategory of ormomponent polyurethane foams in 2023 one producer operated,
which used as a blowing agent a mixture of progautane, Freons22 and R406. Imports of OPFs
containing HFCs were minimal.

In the subcategory of PUF panels and sandwich panels in 2023, out of the 15 producer:
operating 10 companies used as blowing agentgH20), pentane, HCFC 14ihased polyols. Im-
ports of PUF panels and sandwich panels comprising HFC as the blowing agent were estimated ¢
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 insuldiorvarious purposes: for ware-
house and industrial premises, electrical products, refrigeration equipment, automotive industry, an
others.

In the subcategory of XPS, in 2023 2 manufacturers of XPS plates operated and used as tf
blowing agent carbon dioxide alone or as a mixture with ethyl alcohol, and a mixture of chlorofluoro-
carbons and hydrochlorofluorocarbons (R22,42, R406) with isolutane R600A.

Formation of activity data in the category of foamed materials (products) production was
based on data obtained directly from manufacturers, as well as from other representative source
They included data on the amounts of hydrofluorocarbons use forgiimuwf foamed materials
(products), trademarks and formulations of He@hitaining polyols, etcTable 4.24 summarizes re-
sults of GHG inventory in production and use of foamed #dB@taining materials.
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Table 4.24. Basic data on results of GHG inventory in production and use of foamed HFC

containing materials in 2023
Category code 2.F.2

Panels and sand-

Type of foamed | wich panels

RPUF insulation by spraying, pouring, | Extruded foamed

materials (prod- made of PUF injection polystyrene
ucts)
Gas HFC- | HFC- | HFC- | HFC- | HFC- | HFC- HFC- | HFC- | HFC-

134 134 245fa| 13 4| 245fa | 365mfc | 227 | 134| 152
Activity data

HFC amount used
in production of
foamed materials
(products), t

HFC amount con-
tained in exports of
foamedmaterials
(products), t

HFC amount con-
tained in imports
of foamed materi-
als (products), t
HFC stock as of
the end of 2023, t

0.0 | 11.04| 0.0 32.72 0.0 0.0 8.85 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.092

242 | 1.01 1 0.0 0.0 0.0 0.0 0.411 | 186.43

0.0 | 30.64| 214 | 482.20| 131.39| 134.41 | 119.05| 138.2 | 1994.0

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| 125 125 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

(product) during
operation, years

GHG emissions

HFCs emissions
in manufacture of
foamed materials 0.0 1.38 0.0 8.18 0.0 0.0 2.21 0.0 0.0
(products), t
in operation of
foamed materials | 24.2 | 0.153 | 0.107 7.23 1.971 2.02 1.79 4.15 | 498.5
(products), t
Emissions of HFCS 5, 5 | 153 | 0107 | 1541 | 1.971 | 202 | 400 | 4.15 | 4985
in category, total, t

GWP, t CQueqglt 1300 | 1300 858 1300 858 804 3350 | 1300 | 138
GHG emissions, ki 31 46| 199 | 009 | 2034 | 160 | 162 | 1339 | 539 | 68.79
of COp-eq
Change in emis-
sions compared to
theprevious year | 11.4 10.28 7.81 9.97
(increase/decrease
rate),%

Uncertainty estimation
22.07 28.35 29.15 11.70

Uncertainty of activ
ity data, %
Uncertainty of the

o 7.07 36.05 32.02 20.0
emission factor, %
Uncertainty of the
emissionestima- 22.63 45.86 43.30 23.17

tion, %
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4.7.2.2. Methodological issues

Estimation of hydrofluorocarbon emissions in the category of foam blowing materials was
performed by subcategories using 2a method. All the subcategories, exag@domponent 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 level (State En-
terprise "Cherkasky NIITEKHIM", 2012) [12] was used, which is base@@f)6 IPCC Guidelines
[1] and2000 IPCC Guidelinept].

Activity data were obtained or calculated from the raw data obtained from SSSU [22, 25]
for production of foams in 2023 as wellfasm State Custom Service of Ukraine on impirHFC-
152a for Extruded foamed polystyrene in 2023.

To estimate the volume of HFC imports in composition of polyols, representative 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 eachatsgbry.

In some foamed material sulategories, amountsusually minofri 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 could contain hydrofluorocarbons a:
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 HR@52a emissions from its use in Extruded foamed polystyrene
production was performed with using default emission factors for production and operation, as well
as the average data on the lifetime of the materials (products) wiedapr HFG152a emission
calculation in accordance wi2006 IPCC GuidelineEl]. The calculations of HF@52a emissions
from Extruded foamed polystyrene production were performed from 36&drding to the data of
HFC-152a import provided by State Cost Service of Ukraine. In accordance with data obtained
from State Custom Service of Ukraine the import of HFS2a forExtruded foamed polystyrene
production for 1990 2010 was 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
calculations for estimating the uncertainty of activity data andseam factors of hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride) ((fBRhe major categories (SE "Cher-
kasky NIITEKHIM", Cherkasy 2012) [12].

For each subcategory of foamed materials, the specific uncertainty factors that affected cal
culation of the uncertainty level of the activity data and emission factors, as well as the total emissiot
estimation uncertainly levels, in 2023 were determinetaguplied.

The general uncertainty factors in almost all subcategories of foamed materials (products
were: difficulty of identifying foam blowing agents in general and Hi&Sed ones, in particular in
imports of polyols, foam blowing materials (products).

The range of the activity data uncertainty levels in the category of foamed materials in the
context of individual subcategories in 2023 was from 11.70 to 28;1&F default HFC emission
factorsi from 7.07 to 36.08%6, of emission estimatésfrom 22.63 to 45.86x.

4.7.2.4. Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in HF&huse.
expertjudgementfrom a group of experts of SE "Cherkasky NIITEKHIM" was obtained for this
category.
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4.7.2.5. Categoryspecific recalculations

In this category, no recalculations were made.
4.7.2.6. Categoryspecific planned improvements

See in Annex A8.2 Improvement plan for NIR.

4.7.3 Fire protection (CRT category 2.F.3)

4.7.3.1 Category description

In the fire extinguisher category, use of hydrofluorocarbons 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 fireextinguishing system, in 2023 only HAR5 and HF€227ea were applied.
Manufacture of firgfighting equipment using HFCs as a fire extinguishing agent in 2023
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:
71 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 firefighting modules of various
sizes derived from technical specifications.
Documented activity data were provided by producers of GFFMs.
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 units containingj2%r0d HFE
227ea. Table 4.25 summarizes results of GHG emission inventory in production and operation of ga
extinguishing systems using HFCs.

Table 4.25. Basic data on results of GHG inventory in production and operation of gas fire-
fighting modules (GFFMs) in 2023

Category code 2.F.3
Type of equipment Gas fire fighting modules (GFFMs)
Extinguishing agent (gas) HFC-125 | HFC-227]
Activity data
Use of HFCs in equipment production, t 7.79 9
Amount of HFC in exported equipment, t - -
Amount of HFC in imported equipment, t 9.28 9.07
HFC stock in theperated equipment as of the end of 2020, t 230.38 223.38
HFC stock in the operated equipment as of the end of 2021, t 238.24 232.52
Category characteristics and estimated factors
Key category No No
Detail level (Tier) 10 10
Method fordetermination 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 9.53 9.30
at liquidation of the equipment, t 0.0 0.0
Emissions of HFCs in category, total, t 9.53 9.30
GWP, t CQeqglt 3170 3350
GHG emissions, kt of Cq 30.21 31.16
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Change in emissions compared to the previous year (increase/d
3.41 4.09
crease rate), %
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 (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg §6the national level (State En-
terprise "Cherkasky NIITEKHIM", 2012) [12] was used, which is base@@fl6 IPCC Guidelines
[1] and2000 IPCC Guidelinegt].

Activity data in 2023 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 thefitieaguishing agent re-
ceived from firefighting equipment manufacturing enterprises and to 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 (HEE5 and HFE227ea).

4.7.3.3 Uncertainties and timeseries consistency

The uncertainty level of the activity data and emission factors in the fire extinguisher cate-
gory was determined based on the Methods of determinatiaesults of calculations for estimating
the uncertainty of activity data and emission factor of hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (§kn the major categories (SE "Cherkasky NIITEKHIM", Cher-
kasy 2012) [12], based on the specific characteristics of input and calculated data formation in 2022

For the category of gas 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 fire extinguisher categor
was

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 type) 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 of
gas fire extinguishers in 2023 was 16.70%.

4.7.3.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in HFC use.
4.7.3.5 Categoryspecific recalculations

In this category, no recalculations were made
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4.7.3.6 Categoryspecific planned improvements

See in Annex A8.2 Improvement plan for NIR.

4.7.4 Aerosols (CRT category 2.F.4)

4.7.4.1 Category description

In 2021 in Ukraine use of hydrofluorocarbons (HE84a) 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 for medical purposes operated in 2022, which uset
HFC-134a in production as a propellant gas. Ukraine only imported inhalation and other aerosol med
ications containing HF@34a as the propellant gas. HEG2a was naoimported to Ukraine.

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 HIF3da (in aerosol btd¢s 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 2023, only HFE134a was used in production and importation of aerosol formulations for
medical purposes, HFZ27ea was not included into the composition of the imported aerosols. Table
4.26 summarizes results of GHG inventory in production and use @fddRrtaining aerosols.

Table 4.26. Basic data on results of GHG inventory in production and use edatfaining
aerosols in 2023

Category code 2.F.4
Aerosols
Category Aerosols for medi-| Aerosols for industrial
cal purposes purposes
Gas HFC-13 4 © | HFC-1 3 4] HFC-1 5
Activity data
HFC amount used in production of aerosols, t 2224 - -
HFC amount contained in exports of aerosols, t 3.37 - -
HFC amount contained in aerosol supplies for the domestic mar} - - -
HFC amount contained in imports of aerosols, t 58.02 - -
Net consumption of HFCs contained in aerosols, t 76.88 - -
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 57.83 - -
Emissions of HFCs ipategory, total, t 57.83 - -
GWP, t CQueqlt 1300 - -
GHG emissions, kt of CQq 75.2 - -

Change in emissions compared to the previous year (increase/ds

crease rate),% 5.30 - -

Uncertainty estimation
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Uncertainty of activity data, % 6.70
Uncertainty of the emission factor, % 5.39 Not determined
Uncertainty of the emission estimation, % 27.24

4.7.4.2 Methodological issues

Estimation of emissions of hydrofluorocarbons in the category of aerosols was carried out
using 2a levemethod.

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-
bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg §6the national level (State En-
terprise "Cherkasky NIITEKHIM", 2012) [12] was used, which is based on 2006 IPCC Guidelines
[1] and 2000 IPCC Guidelines [4].

The calculation of the volume of production, exports, and imports of aerosols for medical
purposes included counting of the number of produced, exported, and imported products by trad
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 the current period based on the default emission factor for th
propellant gas of 50% during the first year, and the HFC stookthg beginning of the year (50%
from the previous year's indicator). Emissions from HFC amount used in production of aerosols are
included with emissions from stock.

In 2022, the decrease dynamics in HFC emissions from the category of aerosol products fo
medical purposes in Ukraine resumed. This trend is likely to be situational and is due, in addition tc
the purchasing power, to the administration of the domestierateutical 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 factors of hydrofluodemas (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (§kn the major categories (SE "Cherkasky NIITEKHIM", Cher-
kasy 2012) [12].

The key uncertainty factors in this category in 2023 were:

1 a certain complexity of calculation and possible 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 andther un
specified in the customs declaration (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 drug use documentation.

Obtaining comprehensive input data from producing companies for 2023 on the composition
of aerosol formulations for medical purposes ensured the lowest level of uncertainties in this categor

The total uncertainty of activity data in the aerosol category was 6.70% in 2023, 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 procedures were applied for estimation of GHG emissions in HFC use.

4.7.4.5. Categoryspecific recalculations

In this category, no recalculations were made.
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4.7.4.6. Categoryspecific planned improvements

See in Annex A8.2mprovement plan for NIR.
4.75 Solvents (CRT category 2.F.5)

4.7.5.1 Category description

In 2011, a blended solvent for washing refrigerators and air conditioners of the trade mark
Solkane, containing 65% of HF865mfc was imported into Ukraine as a trial batch. The inventory
in this subcategory were performed only in 2011, the results pdeas@ NIR 2013 section 4.21.5,
as well as in relevant CRT tables.

In Ukraine, homogeneous solvents and/or mixed (heterogeneous) solvents using HFCs a
the primary solvent or blend solvent were not imported in 2@023, therefore, estimation of GHG
emissions in this category was not performed.

4.7.5.2 Methodological issues

Estimation of emissions of hydrofluorocarbons in the category of solventsamaesd out
using 2a level method.

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-
bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg §6the national level (State En-

terprise "Cherkasky NIITEKHIM", 2012) [12] was used, which is based on 2006 IPCC Guidelines
[1] and 2000 IPCC Guidelines [4].

4.7.5.3 Uncertainties and timeseries consistency
According to the data provided by State Custom Service of Ukraine as well as SSSU and by
the State Enterprise "Cherkasky NIITEKHIMhomogeneous solvents and/or mixed (heterogeneous)

solvents using HFCs as the primary solvent or blend solvent were not imported to Ukraine since 201:
so the uncertainties in this category were not calculated.

4.7.5.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in caprolactam
production.

4.7.5.5 Categoryspecific recalculations
In this category, no recalculations were made.
4.7.5.6 Categoryspecific planned improvements

In this category, no improvements are planned.

4.7.6 Other Applications of Substitutes for OzoneDepleting Substances (CRT cat-
egory 2.F.6)

As a result of the analysis of imports and domestic sales of HFCs and sulfur hexafluoride in
2023, no data on use of these gases used in other industries were obtained.
Therefore, estimation of GHG emissions in this category was not performed.
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4.8 Other Product Manufacture and Use (CRT category 2.G)

Emissions in this category are estimating from sulphur hexafluoridg {8 the manu-
facture and use of electrical equipment and a number of other products and emissions of nitrous oxic
(N20) use for medical purposeShe main SEemissions occurs only from its use in gasulated
equipment and PO from its use in surgical operations. The subcategories in this category are not the
key sources of emissions. The activity data collection, methodological issues as well as QA/QC pro
cedures etc. by the categs included in this category are shown by each subcategory in relevant
chapters.

4.8.1 Electrical Equipment (2.G.1 CRT)

4.81.1 Category description

Sulphur hexafluoride (Skis used for transmission and distribution of electric power in
switching systems and high voltage equipment38Q kV), as well as in medium voltage systems
(10-52 kV).

Ukraine has no own production of sulfur hexafluoride (SHE/®&HRs imported to Ukraine
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 fleefrfigated
equipment.

A bulk of imported sulfur hexafluoride (over 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, industrial enterprises hreosectors. Around 20% of &ifmn-
ported to Ukraine was used in production of-gpessilated equipment: transformers and-gasilated
switchgears. Ukraine has no own production ofigaslated circuit breakers. Industrial consumption
SFs is mainly concenated in the two segments: production of completeigadated switchgears,
production of complete gassulated transformer substations, and production eirgadated current
and voltage transformers. Table 4.27 summarizes results of GHG inventooglirciion and opera-
tion of gasinsulated equipment.

Table 4.27. Basic data on results of GHG inventory in production and operationiof gas
sulated equipment in 2023

Category code 2.G.1
Category (type of equipment) Gasinsulated equipment
Gas Sulfur hexafluoride
Activity data

Theamount of Skimported into Ukraine in 2022, t 0.0
Number Sk used in production of gdasulated equipment (filling stage), t 0.44
Amount of Sk in exported gagnsulated equipment, t -
Amount of Sk in imported gasnsulated equipment, t 0.0
Amount of Sk in installed gasnsulated equipment (hameplate capacity of new eq

i o 27.49
ment put into operation in 2023), t
Amount of Sk in operated gagsulated equipment (nameplate capacity of operate 461.29
equipment as of the end of 2022), t '
Amount of Sk in operated gagsulated equipment (nameplate capacity of operate 486.47
equipment as of the end of 2023), t '
Category characteristics and estimated factors
Key category No
Detail level (Tier) 20, 360
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
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Category code 2.G.1
Category (type of equipment) Gasinsulated equipment
Gas Sulfur hexafluoride
at manufacture of the equipment (the filling stage), t 0.002
at installation (assembly) glsinsulated equipment, t 0.0
at operation of gagisulated equipment, t 2.43
Sk emissions in the gaigsulated equipment category, total, t 2.43
GWP, t CQelt 23500
GHG emissions, kt of Cf@ 57.21
Growth/reduction of emissions compared tophevious year (+J,% 5.51
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 basis, "The methodology of calculating emissions of hydrofluorocar-
bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg §6the national level (State En-
terprise "Cherkasky NIITEKHIM", 2012) [12] was used, which is based on 2006 IPCC Guidelines
[1] and 2000 IPCC Guidelines [4].

The activity data in 2023 in this category were obtained from manufacturers ofdiighe
gasinsulated switchgears, QML0 kV gasinsulated transformers, and gasulated equipment using
companiesnd using the method of substitution due to the lack of concretely data for 2023 in accord-
ance with data obtained froBtate Custom Service of Ukraine. Data on actual volumes of sulfur
hexafluoride used in production of gasulated equipment in 2022 were also obtained from the en-
terprisesproducers with usig analytical study, which includes different approaches, particularly ex-
trapolation, expert judgement and other math and statistical methods [19] for adjustment of volume
of sulfur hexafluoride in 20142023.

During the inventory in the subcategory, thes 8mission 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 rzdance method).

In accordance with the "Methodology for calculating emissions of hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride) (&Rhe national level" (State Enter-
prise "Cherkasky NIITEKHIM", Cherkasy, 2012) [12], thes®fnission factor in operation was es-
tablished on the basis of data from-gasulated equipment producing and supplying enterprises.

For complete gamsulated switchgear, as a rule, the zereeéhission factor during opera-
tion is applied (for the exception of emergency equipment repairs), or a factor not more #an 0.1

For some imported secoigeneration gagisulated equipment (current and voltage trans-
formers), the Sfemission factor is set at less than &1

To calculate SEFemissions during operation of gasulated equipment in this category in
2023, the average factor of ®bwas applied.

4.8.1.3 Uncertainties and timeseries consistency

The uncertainty level of the activity data and emission factors in thegidated equipment
category was determined based on the Methods of determination and results of calculations for est
mating the uncertainty of activity data and emission factongarfofluorocarbons (HFCs), perfluoro-
carbons (PFCs), and sulfur hexafluorided)3i the major categories (SE "Cherkasky NIITEKHIM",
Cherkasy 2012) [12], based on the specific characteristics of input and calculated data formation i
2016.
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Activity data in the gasnsulated equipment category were submitted by the producing com-
panies, consumer companies, and importers of the equipment for the domestic market.
In 2023, the key activity data uncertainty factors in the category eihgakated electrical
equipment were:
1 the difficulty of obtaining comprehensive data on availability of theigsislated 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 gafmsulated electrical equipment;
1 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 ofngatated equipment
amounted to 34.10% for the period indicated.
The uncertainty of the default emission factors in the category ehgaksited equipment in
2022 was 184.
The overall uncertainty of sulfur hexafluoride emission estimation was 38i662023.

4.8.14 Categoryspecific QA/QC procedures

General QA/Q(procedures were applied for estimation of GHG emissionsdmus
4.8.1.5 Categoryspecific recalculations
In this category, no emission recalculations were made.

4.8.1.6 Categoryspecific planned improvements

See in Annex A8.2 Improvement plan for NIR.

4.8.2 Sk and PFCs from Other Product Uses (CRT category 2.G.2)

In accordance with the scientdtesearch works: by the Ukrainian Research Institute of
Medicine and Transport of the Ministry of Health of UkrdlBbevelopment of methods of estimation
and determination of emissions of hydrofluorocarbons, perfluorocarbons, and sulfur hexaflzjride”
and by Cherkasy NIITEKHIM* "Development of methods of estimation and determination of emis-
sions of hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride" [12] as well asldtam
obtained frontState Custom Serviad Ukraine there is no Sfand PFCs from other product uses in
Ukraine, therefore emissions in this category are not estimated.

4.8.3 NO from Product Uses (2.G.3 CRT)

4.8.32.1 Category description

In this category, nitrous oxide emissions from its use for medical purposes (anesthesia) ar:
estimated. Nitrous oxide emissions in 2023 amounted to 0.463 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 stored in the liquefied form in
bombs under high pressure. The bombs are 10 liter searatesstitally sealed containers of carbon
steel in accordance with GOST 949 with the base material content of 6.2 kg. All nitrous oxide
used in medical institutions fully gets into the air, since after its use as an inhalation anesthetic th
gas is exhalk by the patient (eliminatioh 100%) with no utilization, and 10% of its volume re-
leases into the environment.
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4.8.32 Methodological issues

In this inventory, for the first time in the time series of 12923, 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 Medmitiee Ministry of Health of Ukraine"
and described in the scientHiesearch work "Development of methodological recommendations on
definition of indicators of nitrous oxide use for medical purposes” [18], with using national emission
factors.

In accordance with the algorithm, annual 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 per inhalation surgery with its application, kg.

The data on surgical operations performed in Ukraine in the period of-12@#B were
analyzed and systematized in the expert estintatioaccordance with data obtained from the Min-
istry of Health of Ukraine with using data from official statistic with using analytical study, which
includes different approaches, particularly extrapolation, expert judgement and other math and statis
tical methods [19] for adjustment of number of surgical operations in 2@023. The detailed in-
formation is presented in Table 4.45 below. In general, the number of surgical operations has gradt
ally decreased from 4280.605 thousand in 1990 to 3086.921 thans2021. However, in the last
two years, an increase has been observed: 3410.73 thousand in 2022 and 4066.35 thousand in 2C
This trend is due to a number of reasons: an increase in the general morbidity rate in the populatic
until 2013, the growing maber of patients who require surgical operations, the number of detected
tumors, diseases of the blood circulatory system and the urinary tract, as well as introduction into th
surgical practice of new technologies in line with an increase in the scqbenakgd surgical care
and, accordingly, a decrease for these reasons from 2014 to 2021.

The share of inhalation surgeries (IA). The value of the IA factor for thedaries of 1990
2023 was calculated in the expert estimétiaccording to which this factor gradually increased from
0.15in 1990 and reached the value of 0.51 in 2023, which is displayed in table 4.28 below. This tren
is typical for the majority of countries in the world and was supported by improvement Gittréain
and technical base of medical and preventive treatment facilities of Ukraine: only in the last few year:
Ukraine received and distributed more than 800 anesthesia and respiratory devices, which allows fi
inhalation anesthesia.

The proportion of nitrous oxide use as an anestheticd)JAThevalue of the IA.o factor
for the timeseries of 199023 was calculated in the expert estimati@tcording to which this
factor gradually increased from 0.100 in 1990 and reached the value of 0.279 in 2023, which is dis
played in table 4.28. This trend is due to the relatively low cost of using nitrous oxide as an anestheti

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 factor is based on the analysis of nitrouseaxse in 81 health facilities of Ukraine.

5 A. Fedoruk,MD, Professoiof Surgery and Urology DepartmenBukovysky State MedicdUniversity, deputy chief
physician at the medical unit of Chernivtsi city hospital.
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Table 4.28. Use of nitrous oxide for medical purposes in Ukraine, -12@%3

The total number of The share of inhalation | The proportion of inha-
Year surgical operations anesthesia lation anesthesia using
(X0), thousand (1A) N20 (1A N20)
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 2960.356 0.51 0.279
2021 3086.921 0.51 0.279
2022 3410.730 0.51 0.279
2023 4066.356 0.51 0.279

4.8.33 Uncertainties and timeseries

The range of activity data and emission factor uncertainty estimates in the category Othel
Applications is displayed in table 4.29. and was determined in accordance with 2006 IPCC Guideline
[1].

Table 4.29. The range of uncertainty estimates

Parameter Es:cilrrlated uncltlef'amty
Activity data
The number of surgical operations, XO 5 5
Cpmpleteness of the sampling and data processing time 73 78
ries
The balance of domestic consumptiomifous oxide 10 10
Uncertainty of activity data 13.63 13.63
Emission factors
The share of inhalation surgeries, 1A 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

159



' 1IN} AVSQ& DInBrifoywy K®@RS DI &

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 differesurces;

1 comparison of emission along the thseries and analysis of activity data trends;

4.8.35 Category-specific recalculations

In this category, no emission recalculations were made.

4.8.36 Category-specific planned improvements

In thiscategory, no improvements are planned.
4.9 Other (CRT category 2.H)

Emissions in this category are estimating from pulp, paper, food and beverages production
In this category only the precursors anc 8@issions occurs. The subcategories in this category are
not the key sources of emissions. The activity data collection, methodological issues as well a:
QA/QC procedures etc. by the categories included in this category are shown by each subcategory
relevant chapters.

4.9.1 Pulp and Paper Production (CRT c

4.9.1.1 Category description

Pulp and paper industry produces various types of paper and cardboard manufacturing tect
nology of which consists in obtaining paper mass from fibrous matgndp. The raw material for
paper pulp is wood. In pulp and paper production emissions of NMVRGsCO, and S@occurs.

Since 2011, pulp has not been produced in Ukraine. Table 4.35 shows the basic data on the results
GHG inventory in paper production.

Table 4.30. The basic data on the results of GHG inventory in paper and pulp production in

2023
Category code 2.H.1

Gases N [z CO NMVOC SO
Emissions from production, kt 0.578 3.18 1.1566 1.1566
Change in emissions compared to the p

. 15.52
vious year,%
Change in emissions compared to the

h 22.18

baseline year,%
Emissions, % of emissions in the sector] 6,03 | 12,95 | 1,23 1,23
The key category No
Detail level (Tier) 1 1 1 1
Method for determination of the emissiol D D D D
factor
Emission factor aproduction, t/t 0.001 0.0055 0.002 0.002

4.9.1.2 Methodological issues

Emissions of NMVOC, NQ CO, and S@in paper manufacture were determined in accord-
ance with 201 EMEP/EEA recommendation§6]. Data on the amounts of paper production in
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Ukraine were obtained from Ukraine Association of Paper Production. The default GHG and SO
emission factors were used.

4.9.1.3 Uncertainties and timeseries consistency

Since in pulp and paperoduction GHG emissions do not happen, the uncertainty of emis-
sion estimation results in this category was not calculated.

4.9.1.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied to calculation of GHG emissions from paper pro-
duction.

4.9.1.5 Categoryspecific recalculations

In this category, no emission recalculations were made.

4.9.1.6 Categoryspecific planned improvements

In this category, no improvements are planned.

4. 9.2 Food and Beverages I ndustry (CRT

4.9.2.1 Category description

The food industry produces a wide range of products based on application of various tech:
nological processes. Food composition includes organic substances that during processing emit in
the atmosphere as NMVOCs. Tipeatest amount of NMVOCs is emitted in production of alcoholic
beverages, bakery products, edible fats, meat and fish products. Table 4.31 presents activity da
emission and NMVOC emission factors at production of food and beverages in Ukraine.

Table 4.31. NMVOC emissions in production of food and beverages in 2023

Category code 2.H.2
Food Production, kt 10316.31
Beverage Production, 0l 17451.98
Gas NMVOC
Emissions from products, kt 28.01
Emissions from beverages, kt 11.30
Total emissions, thousand tons 39.31
Change in emissions compared to the previous year, % 15.40
Change in emissions compared to the baseline year, % -69.50
The key category No
Detail level (Tier) 2
Method for determination of the emission factor D

Activity data, emission factors, and GHG emissions throughout the entire time series in
this category are shown in Table A3.1.1.17, Annex 3.1.1.

4.9.2.2 Methodological issues
Estimation of NMVOC emissions in food and beverage industries was made in accordance

with the recommendations 2019 EMEP/EEA Guidelines [6] using default emission factors. NMVOC
emission estimation was performed for production of bread and bakery prdiductspnfectionery
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products, fodder for animals, margarine and solid edible fats, sugar, meat, fish and poultry, spirits
wine and beer. The data used for the estimation of emissions were provided by the SSSU [24], wit
using data from official statistic with using analytistudy, which includes different approaches,
particularly extrapolation, expert judgement and other math and statistical methods [19] for adjust:
ment of number of food and beverages in 202623.

4.9.2.3 Uncertainties and timeseries consistency

Since in food and beverages production GHG emissions do not happen, the uncertainty o
NMVOC emission estimation results in this category was not calculated.

4.9.2.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of NMVOC emissions at food and
beverage production.

4.9.2.5 Categoryspecific recalculations

In this category, no emission recalculations were made.
4.9.2.6 Categoryspecific planned improvements

In this category, namprovements are planned.
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5 AGRI CULTUBEC(TOR 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 Agricultural Residues;

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, emission®ot 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 Ukrainen Air Protection (art16, 22).

Table 5.1. Changes in GHG emissions in the Agriculture sector

Emissions, kt CQ-eq. Trend, %
Category

1990 2022 2023 by 1990 | by 2@2
3.A Enteric Fermentation 45,230.87 7,117.04 6,682.12 -85.23 -6.11
3.] Manure Managemel 7176.14 2,250.66 2,183.53 -69.57 -2.98
3.4 Rice Cultivatio 242.40 11.62 47.31 -80.48 307.14
3.D Agricultural Soils 33,810.37 | 22,651.66 | 23,529.49 -30.41 3.88
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 2,592.08 110.00 65.95 -97.46 -40.05
3.H Urea Application 568.93 356.57 446.89 -21.45 25.33
Total for the sector 89,620.79 | 32,497.55 | 32,955.28 | -63.23 1.41

* | the emissions not estimated
** | field burning of crop residugsrohibited by the Ukrainian legislation.

The total GHG emissions in the sector have decrease@388 % compared to the base
year. However, alight increasef GHG emissions (nedr41 %) hasoccurred in 202in comparison
with previous year (Tablg.1). The political and economic situatiare thekey factor for the ob-
served decrease in emissiahsing the reported period

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 mak&lup and 20.3%
(Fig.5.1). The next largest category is 3.B Manure Management, which accou6t§ %6rof the
emissions. Contribution of the other categories is negligible and accounts fdr. 0¥y

The key gases in the sector are methane and nitrous oxid®.@igwhich accounted for
55.29and41.18% in 1990, an@4.78and73.67% of the emissions ithe lastreporedyear, respec-
tively.

The reduction in emissions of GHG over the period of 1B®B 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 treatment of animal manure as a result of the collapse @dtiet Unionwith the ensuing eco-
nomic crisisandespeciallythe current political and economic situation
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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 some pig farogsirement 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 year, thgerage annual livestock of cattle decreased ¥ 1@igsi by
10%. The determining factor for the reducingagfriculturalanimats numberin 2003 were extreme
weather conditions (extreme cold and small amount of snow), which led to deep freezieg of th
ground and the subsequent decrease in the yield of harvested acreage of forage crops for livestock.
general, 2003 characterized by rapid changes in sales prices for live animals, feed grain, and oth
fodder.
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Fig. 5.1. GHG emissions by categories of the Agriculture sect@QOkieq.

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 of
Ukraine'sndependence gross harvest of grain and leguminous crops, which amountedvta 8.3
addition, in 20032021there was an increase in the standardly introduced nitrogen fert{kzeept
2009 and 2015)Active hostilities since 2022 have caused a significant reduction in the amount of
applied fertilizers

One of the main reasons of methane emissions decline in the 3.B Manure Management ca
egory in comparison with emissions in the other categories is partial replacement from liquid system
to solid storage in the manure management struictgagtle raising enterprises. Thus, the percentage
of cattle manure stored in liquid systeatsagrienterprisen 1990 was 21.% of the total manure
produced. In 2P3, the corresponding proportion of manure in liquid systems was approximately

8.0%, and the rest of thmanure mostly remained on pasture/range/paddock or in solid storage. Since
the potential of methane production in liquid systems is significantly higher than in case of solid
storage, emission factors for the period of 12903 sharply reduced. At the same time, methane
emissions in the category in question in the reporting period decreasddby.
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Fig. 5.2. The ratio of direct GHG emissions in the Agriculture sect@Qkteq.
5.2 Enteric Fermentation (CRT category 3.A)

5.2.1. Category description

Inventory of methane emissions framtericfermentation in Ukraine includes such types of
farm animals (Tablé.2) ascattle, sheep,swine, andother animals doats,horsesmules andasses,
rabbits,fur-bearing animalssamels andbuffaloes).Ruminants (such as cattle) produce a largest part
of CHs emissions from enteric fermentatidmissions fronpoultry are not estimated, as 2006CC
Guidelined1] offer no methodology for their calculation.

Table 5.2. Review of category 3.A Enteric Fermentation

Method Emission The key Emissions, kt Trend,

Category applied factor Gas category 1990 2023 %
3.A.1 Cattle U2 CSs 1,509.31 | 215.98 -85.69
3.A.2Sheep U2 CSs 56.00 5.97 -89.33
3.A.3 Swine vl D 29.53 8.13 -72.47
3.A.4 Other animals vl D 20.55 8.56 -58.33
fur-bearing animals vl D 0.14 0.07 -51.20
rabbits vl D o4 Level/Trend |  4.27 3.07 -27.96
camels vl D 0.03 0.04 44.67
mules andasses ul D 0.19 0.12 -37.71
buffaloes vl D 0.05 0.02 -65.88
horses vl D 13.43 2.84 -78.85
goats vl D 2.45 2.40 -1.87

Next data collected for GHG emissicestimating
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the type of animals (Tabk 3, Annex3.2.1) and their number;
the type of the digestive system of the animals;

feed digestibility
feeding situation: confined, grazing, pasture conditions
animal weight and their average weight gain per day;
milk production and fat content;

wool growth;
animal activity andaverage amount of work performed per day
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 SSsuU Livestock of the animals at January 1 Annex3.2.1.2.1
Sheep SSSsuU 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 at January 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 @anuary 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

* 1 found in Anne.2 Agriculture

EF for cattle sexage groups and sheegplculated in accordance with corresponding meth-
odology (Annex3.2.8, Table\3.2.8.1 and A3.2.82). 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)

Base 1990 year e : ' - 2023 yea

@ Other animals

@ Other animals oOCattle OSheep w Swine

DCattle O Sheep ® Swine

Fig. 5.3. Contribution of animal groups into the total methane emissions
from enteric fermentation, %

Analysis of TableA3.2.9.1lead to the conclusion that the highest emissions in this category
produced by cattle enteric fermentation, providing for ovde%f 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. 8fig.
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5.2.2 Methodological issues

5.2.2.1. The methodology for Ckhlemissions estimation from cattle enteric fermen-
tation

Methane emissions frooattleenteric fermentatiofAnnex3.29, 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 tomprove 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-
ble5.4).

CattleEF (Annex3.2.8, TableA3.2.8.]) calculatedn 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 maintengicgiation10.3[1]);
net energy for animal activifequation10.4[1]);
net energy for lactatiorEquation10.8 [1]);
net energy required for pregnan&qg(ation10.13[1]);
ratio of net energy available in a diet for maintenance to digestible energy consumed
(Equation10.14[1));

I net energy needed for growthquation106 [1]);

I ratio of net energy available for growth in a diet to digestible energy consfliiged-
tion 10.15[1]);

I digestible energy expressed as a percentage ¢T&ite5.4).

Activity data sources that used for cattle-sgpe 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
sexage group
Coefficient corresponding to ani
mal 6s feeding ¢ Ca 2006IPCC Guidelines Table10.5
cattle sexage group

Cf 2006IPCC Guidelines Table10.4

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 Country specific standardy Annex3.2.2,

adult animal in moderate body MW [3-5] TablesA3.2.2.2- A3.2.2.4
condition
Average daily weight gain dhe WG Country specific standardy Annex3.2.2,
animals in the population [3-5] TableA3.2.2.5
SSSU (AMilKk ANnex3.2.2
Amount of milk produced Milk Table No.15) an@nalyti- N
TableA3.2.2.6
cal study[2]
. Annex3.2.2,
Fat content of milk Fat SSSU TableA3.2 2.6
Pregnancy coefficient C pregnancy 2006IPCC Guidelines Table10.7
SSSU;
Digestible energy DE expertjudgmentfrom the | Annex3.2.2,

NAASU (C 137 006 1 TableA3.2.2.7
on 13Dec2016
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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 fermentatmriation [1]. Accord-
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, TableA3.2.1.3.1);

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 wilguation10.21[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 foanimal activity(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 net energy needed for growtRquation10.7[1]);

I net energy required for production of wool during a y&guétion10.12[1]);

i ratio of net energy available for growth in a diet to digestible energy consfliged-
tion 10.15[1]);

i digestible energy expressed as a percentage ¢ &ite5.5).

Activity data sources that used for seep-ag& groups gross energy estimation reported in
Table55.

Table 55. Characteristics of AD sources foreep GE estimation
AD name Symbol Source Note
Weight coefficient for each shee|
sexage group
Coefficient corresponding to ani-
mal 6s feeding ¢ Ca 20061PCC Guidelines Table10.5
sheep sesage group

Cf 2006IPCC Guidelines Table10.4

Coefficient forlive body weight A coefficient with a value

. C 20061PCC Guidelines of 0.8 for females, 1.0 for
of an adult animal
castrates and 1.2 for bulls
Average live body weight of the Weight Country specific standards ?2_nex3.2.2,
animals in the population [6-7] blesA3.22.9- A3.2.2 12
The weight gain WG lamb 2006IPCC Guidelines Equation10.7
The live bodyweight at weaning BW; [Cé(_J;J]ntry specific standards See description below
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AD name Symbol Source Note
The live bodyweight at-Year old o
or at slaughteflive-weight) if BW [Céc_);J]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 (AMilk
Amount of milk produced Milk Table No.15) an@nalyti- ?2832\33;22'22' 9
cal study[2] T
The net energy required to pro- A Country specific standards T
duce 1 kg of milk EV mik [9] 475MJT kg
Annual wool production per , SSSU L0] andanalytical | Annex3.2.2,
sheep Productionoal study|[2] TableA3.2.2.9
The energy value of each kg of I A default value of
wool produced EV wool 2006IPCC Guidelines 24MJT kgt
Pregnancy coefficient C pregnancy 2006IPCC Guidelines Tablel10.7
Expertjudgmentfrom the
Digestible energy DE NAASU( 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 lambs at weaning at the age of 4 months for the purpose of
herd replacement on average iskg0of young replacement stock at the age of 1 year (mostly female
lambs)i 50Kkg, of feeding livestock at slaughfempproximately 4%g, and of wethers 60kg [6-

7].

Information about the method of sheep feeding obtained based on anjuckgeentof the
National University of Life and Environmental Sciences of Ukraine.

Maintenance of sheep characterized by long (on average about 270 days) grazing in larg
pastures. Sheep grazing is accompanied by constant migrations (several kilometers a day), as a ct
sequence they spend a considerable amount of energy to receive Todderst of time sheep stay
in sheep pens, around which they arrange a fold for the animals' feeding and walking (the pasture
stall system). A number of farms in the steppe zone of the country successfully apply the pasture
semistall system with partiatagzing of sheep in winter dgndcold weather with temperatures down
to-8 AC on winter crops, natur al pastures, swa
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, individual characteristics, 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 SSSL
the milking herd of ewes fourdin theseverakey regions: Vinnytska, lvanBrankivska, Odeka,
Chernivetska Oblast, and the Autonomous Republic of Crimea.

To estimate the rate of sheep mil k produc
t 1 oTalbde,No.15) andnalytical study2] 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&gs@dpert
assessment based on materials of the Ukrainian literature refd@)v The energy value of sheep
milk taken in accordance wifl®] as equal to 4.751J/kg.

There are no statistics in the country on the proportion of sheep that give liné, tiovo,
or three lambs in the total population of ewes, which are required to determine the net energy require
for pregnancy NEp). Therefore, itassumed that all the ewes during the year are pregnant, and the
coefficient corresponding to the average number of lambs born in a year defined based on Te
ble A3.2.29 (Annex3.22). The average value of the pregnancy coefficiendrdeancy= 0,087290)
was calculated using the default values from TabI&[1].
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The value of digestibility of fodders for sheep (for good pastures, well preserved forages anc
feeding regimes based on forage with the addition of gveais)takeras67.5% on base oexpert
judgmentfrom the NAASU (- 20009/16017 on 04Aug 2017).

Livestock SSSU data used as the information base to estimate the average annual shee
livestock(Table5.3; Annex3.2.1.3, TabléA3.2.1.3.1)

Methane conversion factobDefault methane conversion factors from Talel3 [1] used
for GHG estimation. According to this table, the metheorversion factor is 0.06%l. units for
animals older than 1 year, and for youngsters it is Or@4&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 0.0488 units.

5.2.2.3. The methodology for CHemissions estimation fronother animals enteric
fermentation

Estimation of GHG emissions from the vital activity of animal species like goats, horses,
swine, mules and asses, rabbits,-daaring animals, camels and buffaloes (AnB&x9, Ta-
ble A3.2.9.1) was performed under Tiemethod (Equatiof0.19) with the default emission factors
(Table10.10) [1]. EF for rabbits and fdrearing animals estimated in accordance with specific emis-
sion estimation method of 2006 IPCCC (Volume 4.10, Chapter 10.2.4, p. 10.23). Mules and asses a
the similarlyby digestive systerfor rabbits, and swing for fur-bearing animalsThe emission fac-
tors used to calculate emissions reported in TABI2.83 (Annex3.28).

Average annudivestockvalues ofagricultural animals, such asrses, goats, swine, mules
and asses, rabbits, fbearing animals, camels and buffalogstusedfor the GHG inventoryare
reported in Tablé&3.2.1.3.1(Annex3.2.1.3.

Data on the live weight of rabbits were obtained from analysis of literature mat@y izl |
make up 3.&g (the average for all breeds bred in Ukraine). The value of the live weight-of fur
bearing animals was calculatedrasghted averagieetween the data on the weight of minks1kg,
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,3f@r furbearing animal$ swine (the
live weighti 50kg).

5.2.3 Uncertainty and timeseries consistency

Uncertainty estimaid in accordance with th€ier 1 methodologyfrom 2006 IPCC Guide-
lines[1].

The uncertainty of emission estimation in category 3.A Enteric Fermentation is determined
by uncertainties of AD and ERanges and sources of uncertainty of input data used in calculation
of national EF from cattle and sheep enteric fermentation reported inS:@ble

Table 56. The uncertainty of input data used in calculation of national emission factors from
cattle and sheep enteric fermentation, %

Indicator Meail:]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 Guidelinefd]
Cacoefficient corresponding 5 5
to ani mal 0s MJ1 day!l kg? 20 2006 IPCC Guidelinef]
tion
C coefficient dimensionless 20 2006 IPCC Guidelinefl]
Average live body weight Range of average body weight values dg¢
dataof the animals in the kg 1-35 pending on the breed and sageindica-
population(Weight/BW) tors, according to data of {3 11]
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Indicator Measutrl:i(:ment Uncertainty Source
MW mature live body Range of average body weight values d¢
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 d¢
gain of the animals in the kg 1-35 pending on the breed and sage indica-
population tors, according to data of {3 11]
gltji?iit:]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
gg;%nancypregnancy coeffi- dimensionless 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*T kg 20 2006 IPCC Guidelinefd]
Cacoefficient corresponding 5 5
to ani mal 0s MJT day'l kg? 20 2006 IPCC Guidelinef]
tion
C coefficient dimensionless 20 2006 IPCC Guidelinefl]
Range of average body weight values d¢
WG 1amb Weight gain kg 1-35 pending on the breed and sage indica-
tors, according to data of {8

BW; 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 net
energy for growth calcula- dimensionless 20 2006 IPCC Guidelineg]
tion
g&i'ilis()t:]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'ilis()t:]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 Guidelinefl]
C pesnanpregnancy coefii- | gimensionless 27 2006 IPCC Guidelineid]
DE digestible energy % N 20 2006 IPCC Guidelineg]
Methane conversion factor rel.u 7-9 2006 IPCC Guidelineg]

Estimation of GHG emissions for the reporting period carried out with the same method and
the same degree of detadllime seriedata collectd and procesedaccording to the agreed proce-

dures.

The significant reduction in the cattigestock ofagricultural 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 livesbck dynamics in householdBig. 5.4). Fig.5.5 illustrates the dependence of the methane

emission trend in category 3.A Enteric Fermentation on the ta#ttock which is the major factor

to regulat emissions.
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5.2.4 Categoryspecific QA/QC procedures

Quality control and assurance carried out with general and detailed procedures, which in-
cludecomparisons of activity data with similar FAO data, check of national EF by comparing them
with the respective default coefficierfi§ and coefficients of countries with similar conditions, etc.

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 corresponding cattle groups. 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 fermentation with emission
coefficients of Central and Eastern Europe countriest, kgad' I yr?

Federal
Indicator Ukraine Republic of French Czech Slovak Hungary
G Republic Republic Republic
ermany
Mature dairy cattle 114.14 140.26 126.92 148.79 122.12 134.38
{\I"eii“re nonrdairy cat- 41.54 48.72 52.86 69.43 57.57 54.61
Sheep 8.19 6.36 12.91 8.00 11.66 8.00

* Source: NIR of the Central and Eastern Euragmeintries, data for 222, Ukrainei 2023 data.
** For reporting, Ukraine uses option B, therefore the emission factors shown for growing gattie its dominant share in the
structure of nordairy cattle herds.

Methane emission factors from enteric fermentation of mature dairy cattle according to the

CRT data compared with the default factor [1]. The difference in the estimations is due to differences
in input data and the approaches used to estimate them.
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A comparison of enteric fermentation EF for dairy and-damy 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 of emissions from enteric fermen-
tation of cattle was conducted according tolGRita (Fig5.6).
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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 enteric fermentation according to CR
data with the default factors indicate the discrepancy witleHiR0 % (the average for the reporting
periodi 6 %) . Furthermore, the foregoing compari s
the similar coefficients of Central and Eastern Europe countries has shown that they are in the san
range (Tabl&.7). The discrepancy of the factors in this case may be explain by the significant
changes in the shedpdstock structure along the time series. In particular, the percentage 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®8 % in 2@3 with the proportional decrease in the share of growing sheep,
to which the lowest EF apply.
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Fig. 57. The dependence of ewes EF on milk yield in 3.A Enteric Fermentation
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The coefficients of methane emissions from enteric fermentation of ewes and gianeners
directly dependent on the amount of milk production, as slwwiig. 5.7.

5.2.5 Categoryspecific recalculations

Methane emissions 3.A Enteric Fermentatiooategorywere recalculated and reported in
Annex3.210 (TableA3.2.10.1)

Clarification of livestock and herd structure are the reasons for the methane emissions recal
culation in the current category.

5.2.6 Categoryspecific planned improvements
Thelnstitute of Animal Science of the NAAS&Ince 198%xplores different methadbgies
for calculation GHG from cattle enteric fermentation hold their adaptation witbaheitions 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 (CR category 3.B)

5.3.1. Category description

An important area of stoelaising is manure management, which leads to emissions of var-
ious GHG (Tablé.8), namely: methane (Gl nitrous oxide (MO), and normethane volatile or-
ganic compounds (NMVOCs).

Table5.8. Review of category 3.B Manure Management

Method ap- | Emission The key | Emissionskt | Trend,
Category : Gas
plied factor category 1990 | 2023 %
3.B.1 Manure Management| CS, T1, T2 CSs,D 4 Level 145.69| 51.29 | -64.80
3.B.2 Manure Management| CS, T1, T2 CSs,D N2O No 11.69 | 2.82 | -75.87
3.B.2 Manure Management ul D NMVOC No 198.79| 54.64 | -72.52

As a result of vital activity of @omplex set of microorganisms in anaerobic conditions,
methane fermentation takes place (the decomposition process of organic substances to end produc
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 the liquid 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 in Ukraine 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. Methaemissions from solid storage are much lower than in the case of
liquid storage, since a large part of it decomposed under aerobic conditions. However, such conditior
become favorable for formation of another GH®20. This gas can be produced bwethen there
is access of oxygen as a result of oxidative processes phikHication 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)
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Along thereportedperiod, a sharp reduction of GEmissions 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 USSR. Besides, th
downward trend of emssons in this category determined by the change in the manure management
practice over the time series.

The main source diitrous oxide emissions is the manthatis stored in the solid form.

The significant reduction in XD 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 emissions 1 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 final report on comple

tion of the I 1 (s econIX)wastdndustezio avdluattndtienalapmodue ar ¢
nities for estimation of Ckl emissions from manure management. IPCC methodologies, some na-
tional met hodol ogi cal approaches, country sp

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, TableA3.2.1.3.1andA3.2.1.32).

The information base on the population of animals for; @rhissions estimationAQ-
nex3.2.1.2) are statistical materials (Findings of cattle registry, Table Stafistical reported data:
ANumber of agricultural animalss o f J a n uSatisycal BullebnA[Th&] st at us o
i n Uk [13;iStatistidalyearbook A Ani ma l Pr o d[dQ]andacatytical Study2]k r a i
Cattl e, swine, sheep, and poul t rspecidlizavosycate-c k
gories performed in accordance with Tables A3.2.1.1.1 and A3.2df.Arthex3.2.1.1.

Cattle, sheep, swine, and poultryet hane EFO&6s cal cul aqueed i
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 anoinaported
in Annex3.2.8 (TableA3.2.83).

The next components used for EF estimation:

I maximum methane producing capacifynfiex3.2.3, TableA3.2.3.D);

i volatile solid excretion rategquation10.24[1] for cattle and sheep and Equatmd
for swine and poultryAnnex3.2.3, TableA3.2.3.3;

i methane conversion factorBapble10.17[1]; Table5.10);

I manure management system usgigenex3.2.3 TableA3.2.3.9.

Maximum methanproducing capacity of the manuréxpert judgment was a source base
for values ofmaximum methangroducing capacity for manure produceddatle, sheep, swine,
and poultrylivestock (Bp). Its valuesreported inTableA3.2.3.1 of Annex3.2.3.

Volatile solid excretion ra The amount ofolatile dry substancesvhich emitted from the
cattle and sheep manucajculated according tquation10.24 [1].For swine and poultrythis factor
obtained withEquation5.1.

Y 000 p 0°YOD (5.1
where:

VSi volatile solid excretion per day on a esyganic matter basis, kg VS dagAnnex3.2.3,
TableA3.2.3.3)
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MDMexi amount of manurexcreted by animalig 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 intak@Annex3.2.3, TableA3.2.3.1).

Estimation of attle sheepswine and poultryv'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 enerav intake GE 3.A Enteric Fermentation category| Table5.4
gy (Chapters.2.2.1) TableA3.2.2.1 (Annex3.2.2)
SSSU;
Digestible energy DE expertjudgmentfrom the NAASU igg::ﬁéz 2.7 (Annex3.2.2)
(" 137 0-06o0h D3Dec2016 T o
Urinary energy expressed - S 0.04
as fraction of GE UET GE | 2006 IPCCGuidelined1] (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 < S 0.02
as fraction of GE UET GE | 2006 IPCC Guidelinefi] (Equation10.24 description)
. Annex3.2.3
ASH content of manure ASH Expert judgment * TableA3.23.1
Swine
. 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) 5
TableA3.2.3.1
matter ** ok
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 én2&ov2017) 5
matter N TableA3.2.3.1

* | to determine the proportion of ASH in sheep manure, data on the content of organic substances in sheef
(28 %) and its moisture content (6446) resulting from the conducted studies-§ were used;

** | for swine at households, in accordance with the standards [14], the amount of manure excreted in dry v
30% more than for agricultural enterprises, due to the peculiarities of feeding (diets of swine at agricultural e
prises dominated by concentrated fodders, whereas in houséhnldg-component fodders);

*»**ithe source of swine and poultry MDMex -i7ah ues i
28Nov2017), where they show an algorithm of its <ca
cal deslljgno [ 14

Methane conversion factoDefault values ofmethane 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, reporteditlable

Table5.10. The kinds of manure management systértisat used in various types of live-
stock ownersand theiimethane conversion ¢gor values
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Animal species MMS type MCF value, %
Liquid system with natural crust cover 10
) , i Solid storage 2
Cattlein agrienterprises =
Pasture/Range/Paddack 1
Composting 0.5
Cattlein households Solid storage — 2
Pasture/Range/Padddck 1
Uncovered anaerobic lagoon 66
Liquid system with natural crust cover 10
o . . Liquid system without natural crust cove 17
Swinein agrienterprises Solid storage 5
Composting 0.5
Aerobic treatment 0
Swinein households Solid storage 2
Sheep Solid storage 2
(at all types of livestock owners) | Pasture/Range/Padddck 1
) ) ) Poultry manure without litter 15
Poultryin agrienterprises -
Composting 0.5
Poultryin households Poultry manure WIthOl*,I*t litter 15
Pasture/Range/Padddck 1
Buffaloes Solid storage 2
(at all types of livestock owners) Pasture/Range/Padddck 1
Horses Solid storage 2
(at all types of livestock owners) Pasture/Range/Padddck 1
Goats Solid storage 2
(at all types of livestock owners) | pPasture/Range/Padddck 1
Mules and Asses Solid storage 2
(at all types of livestock owners) | Pit storage below animal confinements 3
Camels Solid storage 2
(at all types of livestock owners) | Pit storage below animabnfinements 3
Rabbits Solid storage 2
Fur farming Solid storage 2

* T the manure management systems characteristic accord2@0® IPCC Guidelinefl];
** 1 emissions from manure Pasture/Range/Paddocke 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 category manure handled using
manure management systeMd. estimate these data tegpert judgmentrom National University
of Life and Environmental Sciencesed as an alternative source fioe time series MMS values
estimation(Annex3.2.3, TableA3.2.3.2)

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 research study to the Listpfduigh
improvementsHowever, due to thdifficult political and economic situatian the country, conduct-
ing of this study isurrently impossible and its timing is unknowet. That is why for current MMS
estimation this expert glgment 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 facilitate the calculation of the assigned amount for the second com
mitment period (1Geptembe2 0 1 6) ¢ MMS types for cattl e nuUncowregdanasanag
obic | agoono, that recommended by e xmpaeaordandge withgfficalrd- | w
sponses from several largestttle enterprisey
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This judgmentbased on epartmental standards of technological design of livestock MMS
operating on the farms and complex@sl[l, 1416] and used some indirect SSSU data.
Due to lack of datahe cattle and swinmanure distribution by systemastimated in accord-
ance with thdollowing sources
SSSU data of the agricultural ani mal 6s |
St ati st i c alNumberpfagritududal adimasaocf Jarfuar® 1 0 ; t&isi¢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 |ivestock (Statistical year
StatisticaNasfteerom ANO. 1
Departmental standards of technological design of livestock MMS operating on the farms
and complexes [11, 146].

Departmental standards of technological design [16] determines a cattle and swine manur
management systems planning at agrienterprises. The introduction of livestock enterprises is not a
lowed without the simultaneous introduction of MMS, which must confiorthe 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 tostandardg$16], systems for manure managing have considered with the next
marks:physical compositionremoval methodstoiing method and duratigrusing method.

The manure with litter, manure without litter and slurry manweead according tahe
method animalkeeping

Manure removal is carried by mechanical (conveyors, scraper installations, bulldozers) anc
hydraulic (uninterrupted gravitffowing and periodic gravitflowing systems) methods. Their using
depends on period of manure storage, and animals keeping aimgjfeed

The storage period of all types of manure depends on the structure, humidity and technolog
of its storage and ¥ 8 months for cattle manure aBdl12 months for swine manure.

Cattle and swine manure mostly used as nafertiizer, and for biofuels production.

The choice of cattle and swine manure managing systdetesmined by thepecificfea-
sibility studyand finallyis a typical indicator of farm specializatiamd capacity. Values of cattle
andswine manure, that handled in each MMS, reported in ABr&3X (TableA3.2.3.8).

Cattle and swine enterprises have several directions: dairy (only for cattle), beef, preg-
nancy/maternity, breeding etc. However, it is typically, that agricultural enterprises have a combinec
specialization, where these directiaare combined. As a result, several manure managing systems
cansimultaneouslysein a particular farmBut, only one specialization is a basic directiomn de-
fines the typef farm main manure managing systesther types of system can be igngred

A farm capacity, except their specialization, ietner criterionfor MMS determination.
Feasibility studydetermineg11, 14 16] operating conditionsf farms with different capacity (Ta-
ble5.11). SSSWrovides a specific classification of cattle and swine enterprises (ABr&g.4,Ta-
ble A3.2.14.1) in accordance with their capacith¢y are grouped to simplify the report

A judgmentanalysis statethat manure storage practices at agricultural enterprises is signif-
icantly differ from manure storage practi@$fousehold¢Table5.10) Thus, theagricultural enter-
prises mainly comply with the practice of manure storage in the liquid and in solig #ordin the
private sector manure is orgyored in the solid form in clamps or remains in pastuing$is regard,
the data fothesecategories of farms estimated separately.

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 water in either tanks earthen ponds without mixings processed in liquid systems
According to expert judgmeiit 25334/1016 0n110ct2016), he period of manure storage in lig-
uid systems is mainly up to 6 mbst
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Swine manure at agrienterprises managed in solid and liquid systems, by composting an
aerobic treatment or uncovered anaerobic lagoons. There is typical manure specification for solid an
liquid systems. Liquid manure with either forced or natural aerairovithout aeration in lagoons
properly stored in aerobic (aerobic treatment) and anaerobic (uncovered anaerobic lagoons) lagoor

Table5.11. Cattle and swine manure managing systems harmonization 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 keeping)aternity
Cattle keeping without littesilage, root
More than 999 heads Hydraulic Liquid system crops, bardpulp and green masssed for
feeding

Swine at agrienterprises
Swine keeping with litter; keeping technol

Note

No more than 4999 Mechanical Solid storage ogy provides, that feedlng waste (mainly
heads stems and tops) mixed with manunegter-
nity

Liquid and dry compound feeds used for
feeding (without silage and green mass);
keeping technology provides, that any fee
ing waste dondt mi X
Liquid and dry compound feeds used for
Uncovered anaero| feeding (without silage and green mass);
More than 5999 heads Hydraulic bic lagoon/ Aero- | keeping technology provides, that any fee
bic treatment ing waste dondt miXx
lates for biofuel production

50005999heads Hydraulic Liquid system

It is country specific that solid systems grasture/range/paddocised for cattle and only
solid system$ for swine manure managing at households.

At agricultural enterprises, poultrganureusually 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, @adture/range/paddock

Manurein households is kept exclusively in clamps wlitter (straw, sawdust, peat), or
remains in paddocks. After several months of storage, the rotten manure brought to tl&]field |
Therefore, thdivestock and poultrynanurerateby the MMS in householdsstimatedaccording to
expert estimation.

Duration of the grazing period depends on the regions where farm animals kept, while the
average for Ukraine is 165 dayig]. 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 opasturerangeor 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 have a high enough avere
annual temperature, the calculations reflect the fact th# @#the annual amount of sheep manure
and 92% of camels, mules andsesnanureremain ornpasturerangeor paddock(the IPCC default
data on distribution of manure of these animals by systems are representative for theddkidiine
tions).

5.3.2.2 Nitrous oxide and NMVOC emissions from Manure Management

5.3.2.2.1 Nitrous oxide emissions from Manure Management
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Direct and indirect emissions estimateda full N.O evaluation from manure management
systemgAnnex3.2.9,TableA3.2.9.2)

Research paper fADevelopment of the nimus hod
oxide emissions as a result of manure management of animal and poultry: the final report on comple
tion of the I 1 (s econIX)wastdndustezio avdluattndtienalapmodue ar ¢
nitiesfor estimation of NO emissions from manure management. This paper recommends the IPCC
methodologies, some national methodological approaches, country specific andifefault

Direct NbO emissions from manure management systems

Direct NoO emissions from MM@&stimatedaccording tdequation10.25[1]. Thus, the esti-
mate of nitrous oxide emissions in this category requires determination of the following indicators:
livestock of cattle and poultrgmount of Nex in the composition of animal manstegres of animal
manure distribution by MMS2mission factors for each MMS.

Default [1] ntrous oxide EF from MMS reported in TaA8.2.85 (Annex3.2.8.

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 Numlepad agticaltdral dnamalas :of Jénu-
ary0 1 o ; gta@i}idal bulletin The st at us of [13] Statisidalpearlbookin A nU K r
i mal Pr oduct l0Opandaralyticalstudya)i Catie pswifie, sheep, and poultry livestock
inagrienter pr i s specialzatioby bategoses peddrnted i 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 groipnex3.2.3,TableA3.2.32) reportedn
Chapter5.3.2.1 Methane emissions from Manure Management

Based on the data available in Ukraine, the amount of{Niexex3.2.3,TableA3.2.3.94 in
manure composition of cattkexage groupsvas calculated in accordance whhuatiors 10.3%+
10.33.CattleGE valuegAnnex3.22, 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-
bleA3.23.7(Annex3 . 2. 3). Database of mi |l kNod5: Wik praduci o n
ti ono, emahinfiki exped judgment, which reported in Tald.2.2.6 of Annex3.2.2.
Typical values of live weight for each sagecattle group reported in Anné&x2.2 (Tables A3.2.3.
and A32.2%4) . These values wused for AMature 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 and succulent fodders at agrienterpsisegr 60% (more than 306 of each type
of fodders). Other fodders share mainly not more tha¥ 1@nother situation is typical fonouse-
holds, where the share of concentrated fodded%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 \itjuthe
tion 5.2 andreported in Annex8.2.3(Annex3.2.3,TableA3.2.3.5)

0 000 Q¢ oo, (5.2

where:

Nexi annual average N excretion per head, kg N antyat;

MDMexi amount of manurexcreted by animals 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)
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The values of the amount of manure excreted in dry matter for swine and poultry were the
same as those that used in Chapt8r2.1 Methane emissions from Manure Management (also, see
Table5 . 9) . Their source i s a | u-d7gom28Ndv20L7), wmeret h e
they show an algorithm of its calculation ac
S i g n-&6]. Thk dource of sheep MDMex valy@sinex3.2.3, TableA3.2.3.]) is a NAASU judg-
ment( = 1 3 7 €16 dn113Dec2016).

The values of nitrogen fractions in dry maii&nnex3.2.3, TableA3.2.3.5 of sheep, swine
and poultry manure are standa®d 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 hessdi-
mated in accordance with Tables 10.19, #)AL0A9 and Equatiod0.30[1]. Nex for rabbits
(Nex=8.1) takes from Tabl20.19 [1].

National statistics do not provide data to determine the population-be&rmng species
before 2004 (only total number of foearing animals for 1992003, and fuibearing livestock by
species from2004naccor dance with t heARERISTabled, A.12) thane n ¢
weighted average Nex was calculated forldaaring animals from 2004. Furthermore, it is possible
to calculate only average Nex for 192003. There was a big difference between Nex values for
19902003 and 2004resent. Thatsiwhy Nex rates for 19992003 have been revised with consider-
ation with ERT recommendatidARR 2016 Table3,A.9)and t aken as 4.6 %262
1. Nex values for 199@resent period reported in Anndx.3 @Annex3.2.3,TableA3.2.34).

The amount N excretion determination per each MMS was performed using animal livestock
val ues, t he amo ulandthe propdeon of pamure ploeessdd inithe corresponding
system. Nex for cattle, sheep, swine and poultry was calculated on a more disaggregdtesepevel
arately for each gender and age groups &f a
takes into account the characteristics of different manure managsewentd age groups of animals
in the agricultural enterprises and households (Tali®, the corresponding average annual number
of livestock and NeXAnnex3.2.3,Tables A3.2.34-A3.2.35), and MMS typical share of processed
manure Annex3.2.3,TableA3.2.32).

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 accordinguation10.27, where
EF41 default value, antll volaiizationmus calculationshased orEquation10.26 [1].

Default value of fractiomf managed manure nitrogen for livestock category that volatilizes
as NH and NG& in the manure management systased forN voiatiizationMmvs €Stimation.SSSU
sources wused for ani mal 6s | i vAnsex32clRankTalles ma t
A3.2.1.3.1A3.2.1.3.20f Annex3.2.1.3.Annual average N excretiotalues used from previous sec-

t i dmectmO emissions from manure management systemeurfrentchapterThe same values
of MMS for each animal group (Annex2.3, TableA3.2.32) appliedin Chapter5.3.2.1 Methane
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®2?]. In accordance with the methodological
guidelines, estimation of NMVOC emissions from manure carried out accordiqgadion5.3 [22]:

O \ i} 00 . (5.3)
where:
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Epollutant_animail pollutant emissions for each livestock category, tors(fnnex3.2.9, Ta-
ble A3.2.9.2);

AAPanima T number of animals of a particular category that are present, on avertme,
the year,;

EFpoiutant_animail €mission factor for each livestock species/category.

The information base on the population of animals for NMVOC emissions estimation (An-
nex3.2.1.2 and Tables A3.2.1.2A3.2.1.3.2 of Annex3.2.1.3) are statistical materials (Findings of

cattle registry, Tabl e No. 7; Statistical re|
ary0 10 [38]; Statistical bulletin: AThe status:c
i mal Product i on amaliyticalstudyad]i Catbepswiphelshdep, and moultry livestock

at agrienterprisesdn househol dés specialization by <cate

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 AAPL. at
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
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

LIncludes 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 usedlbfault [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
imals; the amount of volatile solid substances and nitrogen the composition of manure; the maximur
methane producing potential; manure distribution by manure management systems; methane conve
sion factors; nitrous oxide emission factors; emission fabbofldMVOCs.
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Fig.5.8. Emission trends in category 3.B Manure Management, and those of cattle, swine,
and ot helivestachk i mal s 0

The uncertainty of statistical data on tih@nberof cattle and poultrgvaluatedat the level
of 6 %. According to the expert judgment, the accuracy of standards of manure and litter excretion ir
the dry matter, of nitrogen fractions and ASH in it, as well as of data on manure distribution by specie:
andsexage groups of animals in the public and private sectors corresponds to the statistic uncertainty
Default uncertainty of methane emissions factors for goats, horses, camels, buffaloes, asses a
mules,as well as rabbits and fisearing animals is 3% [1].

The accuracy of national data on the number of emissions of volatile solid substances an
nitrogen in the composition of manure/litter of cattle, pigs, sheep, and poultry calculated based on th

standards corresponds to the mark 86.7
Table5.13 shows uncertainties of the input data for estimating methane 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 peday 5 State regulatory data
The proportion of ASH in manure and litter rel. u 5 State regulatory data

The proportion of volatile solid substances
and nitrogen in sheep manure

The maximum potgnﬂal of methane emissi| mlkg of VS 15 2006 IPCC Guidelines
from manure and litter
Methane conversion factor for uncovered ¢

rel. u 5 Expert judgment

: rel. u 56 2006 IPCC Guidelines
aerobic lagoons
Methane conversion factor for solid storag rel. u 50 2006 IPCC Guidelines
M.ethane conversion factor féquid system 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

The accuracy odlefault nitrous oxide emission factors basedldmhd constitute®5.7%,
and the estimated uncertainty of methane emission factors from manuz6.s

Estimation of methane and nitrous oxide emissions in category 3.B Manure Management in
the reporting period was performed based on the same method, with the same level of detail. Fe
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activity data collection and processing for the entire time series, the SSSU applied harmonized mett

odologies. Fig5.8 shows diagrams of methane and nitrous oxide 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 volatile solids and nitrogen excreted during the reporting
period was held by means of their comparison with the respective default ve208§ il 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 fermentatio
with emission coefficients of Central and Eastern Europe countradsdg5.14). The main reasons
of the EF6s differences are the type of manu

Table5.14. Comparison of emission factors in 3M&nure Management category*, kg/head
er year

Emission factor Ukraine Federal Republic French Republ?c of Czech SIovak Hungary
of Germany Republic Austria Republic | Republic
3.1 Manure Management (methane emiss
Mature dairy cattle 4.38 23.60 16.14 17.09 12.04 10.68 32.71
Other mature cattle ** 1.27 1.77 4.68 7.03 3.75 2.15 10.83
Sheep 0.2 0.28 0.38 0.31 0.19 0.34 0.30
Swine 5.87 460 6.80 125 1.83 3.27 2.65
Other livestock 0.05 0.04 0.4 0.4 0.1 0.03 0.03
3.1 Manur e Ma miérguearideamissiqns)i r e c t
Mature dairy cattle 0.33 061 0.68 0.79 0.63 1.49 111
Other mature cattle ** 0.11 0.33 0.30 048 0.32 046 051
Sheep 0.02 0.08 0.6 0.07 0.04 0.06 0.8
Swine 0.07 0.6 0.01 0.0 0.04 0.09 0.06
Other livestock 0.0@ 0.0@ 0.0@ 0.0 0.004 0.0 0.004
3.1 Manur e Man aigoasosidedmisgions) di r ect
Atmospheric deposition  0.01 0.01 0.01 0.01 0.00 0.01 0.00
Nirogen leaching and | e 0.01 0.0L NO 0.01 0.01 0.01

* Source: NIR of the countries, data forZX) Ukrainei 2023 data.
** For reporting, Ukraine uses option B, therefore the emission factors reported for growing cattle, given its dominaint she
the structure of nowlairy 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. Moreover, a correlation analysis wasuctewtifor 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 (bigand 510).
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Fig. 5.9. Comparison of cattle emission factors and the shameswoiire 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 (FA@), there is a certain growth observed in the share
of cattle manure in anaerobic systems in the manure management system distribution structure in tl
public sector (except for the last year). This pattern is due to the trend emerging in the recent yeal
of expansion and construction of new large specialized dairy farms. Moreover, since 2006 there ha
been a clear trend of an increase in the share of swine manure processed in the liquid form, which
associated uh the leading rate of swine population increase 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 agriestespri
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As part of quality assurance procedures, an independent expert review of the approaches at
source data used to calculate emissions in categoryl8riBire Management performed.

5.3.5 Categoryspecific recalculations

Time series GHG emissions in 3MBanure Management category recalculated and reported
in Annex3.2.10 (TableA3.2.102).

Clarification of MS values and recalculations in the Bmteric Fermentation category are
the reason for recalculations in the current category.

5.3.6 Categoryspecific planned improvements

Detailed MS data for cattle, swine and poultry in agrienterprises manure distribution are not
available. $ecial research is requiréal improve report in this category. To solve this isMEPR
has an offer to includa relevant research study to the List of Raglority improvements. fiis study
should resolve the following issuegS determination in accordance with 2006 IPCC Guidelines;
guantitative indicators of cattlswineand poultrymanure (tones), and its distributi¢¥).

Due to thdifficult 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 RiceCultivation (CRTcat egory 3. d)

5.4.1. Category description

Rice cultivation is one of minor methane sources in Ukrghmmex3.2.9,TableA3.2.9.3)
This fact explains the negligible GHG in category 3C Rice Cultivation (Talbg.

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 before and during the period of ailtn, the fertilization system, soil type,
temperature. The key factor that affects the emissions volume is the area of rice fields32rhex
TableA3.2.4.1).

Table5.15 Review of category 3C Rice Cultivation

Method ap- Emission The key Emissions, kt Trend,
CelETRg plied factor Gas category 1990 2023 %
Rice Cultivation vl D 14 No 8.66 1.69 -80.48

In Ukraine, areas of rice fields are negligible. They were the lowest2ia &t amounted
to 1400 hectares, and the largésh 2011, 29,600 hdn general, Ukraine has reducing rice cultiva-
tion areas. Changes in the rice harvesting areas dittgghe dynamics of methane emissions in
the entire time series (Fi§.11) and determine the trend.

A sharp reduction in harvested rice acreage in Z2 was due to absence of activity in
the Autonomous Republic of Crimaad Kherson region

5.4.2 Methodological issues

Methane emissions from rice cultivation weraculated according to Tiérof the 2006
IPCC Guidelines [1] based on SSSU data (A&, 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.
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Based 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 cultiiadikaline 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 ithter-
polation method was appli€¢dnnex3.2.4, 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 fertilizersciSed. 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 duringuhieation period
(Sky) usedasdefaultdatafrom Table5.12 [1]

I scaling factor to account for differences in the water regime before the season, before the
cultivation period (SFj 1 from Table5.13 [1}

I scaling factor both for the type and amount of organic fertilizers applief) {t&fwas
calculatedaccording tdequation5.3. (Table5.14) [1].

Fig. 5.11. Methane emissiorand harvested area values fluctuation in 3C Rigkiv@tion category

Theinput datawhich usedor methane emissions estimation froige cultivation, reported
in Table5.16.
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