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FOREWORD 
 

The Ukraineôs Greenhouse Gas (hereinafter GHG) Inventory Report (hereinafter - National 

Inventory Report, NIR) 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 and removals for the period from 1990 through 2021 with a detailed descrip-

tion of the methods applied and findings of scientific researches of national circumstances. The Na-

tional Inventory Report was prepared in the framework of the national inventory system, which in-

cludes the complex of all the organizational, legal, and procedural mechanisms adopted by Ukraine 

for estimating anthropogenic GHG emissions and removals, as well as for the purpose of reporting in 

accordance with the revised Guidelines for the preparation of national communications by Parties 

included in Annex I to the Convention, Part I: UNFCCC reporting guidelines on annual greenhouse 

gas inventories (FCCC/CP/2013/10/Add.3), taking into account the structure of the report proposed 

in the appendix to Annex I of Decision 24/CP.19 ("An outline and general structure of the national 

inventory report"). 

The state authority responsible for preparation, approval, and submission of the National 

Inventory Report is the Ministry Environmental Protection and Natural Resources of Ukraine (here-

inafter - MEPR). 

 

Ministry of Environmental Protection and Natural Resources of Ukraine 
35 Vasylia Lypkivskogo str., Kyiv 

Phone : +38 (044) 206-33-02 

Fax : +38 (044) 206-31-39 

E-mail : zaput@mepr.gov.ua 

 
The National Inventory Report was prepared by the MEPR and the Budget Institution "Na-

tional Center for GHG Emission Inventory" (hereinafter referred to as BI "NCI"). 

 

We thank everyone who was involved in preparing of this report for their contribution and 

support. The list of authors can be found in Chapter 12 of this report.  
 

mailto:zaput@mepr.gov.ua
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EXECUTIVE SUMMARY 
 

ES.1 Background information on greenhouse gas inventories 
 

The Verkhovna Rada (Parliament) of Ukraine has ratified the United Nations Framework 

Convention on Climate Change (UNFCCC) on October 29, 1996. Ukraine became a Party to the 

UNFCCC on August 11, 1997. In accordance with Articles 4 and 12 of the UNFCCC, Ukraine as a 

Party to the UNFCCC have the commitments to develop, periodically update, publish, and submit to 

the UNFCCC Secretariat national inventories of anthropogenic emissions by sources and removals 

by sink of all GHGs not regulated under Montreal Protocol. 

This report is part of the Ukraineôs Greenhouse Gas Inventory. It presents calculation results 

of national GHG emissions and removals in the period of 1990-2021 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 submission 

to the UNFCCC Secretariat, as mentioned above, is assigned to the MEPR. 

The inventory covers emissions of seven GHGs: 

¶ carbon dioxide (ʉʆ2); 

¶ methane (CH4); 

¶ nitrous oxide (N2O); 

¶ hydrofluorocarbons (HFCs); 

¶ perfluorocarbons (PFCs); 

¶ sulfur hexafluoride (SF6); 

¶ nitrogen trifluoride (NF3). 

As well as following precursor gases: 

¶ carbon monoxide (CO); 

¶ nitrogen oxides (NOx); 

¶ non-methane volatile organic compounds (NMVOCs) 

¶ sulfur dioxide (SO2). 

Chapter 1 provides background information on climate change and general information on 

GHG inventories. This chapter chapter provides a brief description of the basic principles and meth-

ods of GHG emission and removal estimations, description of key quality assurance and quality con-

trol categories and procedures (QA/QC). The final part of this chapter is focused on assessment of 

the overall uncertainty of the NIR and its completeness.  

Chapter 2 describes and explains trends in both total emissions and removals of GHGs and 

precursors, as well as detailing by gas and by sector. 

Chapter 3 to 9 describe specific sectors and categories of GHG sources and sinks. These 

chapters describe methods that were used to estimate GHG emissions and removals, sources of ac-

tivity data and emission factors, QA/QC procedures applied, emission recalculations 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 contains eight annexes contain-

ing more detailed information, not included in these chapters: in-depth analysis of the key categories; 

description of the methods for calculating emissions in particular categories; comparison of emissions 

in case of the reference and sectoral approaches and analysis of any discrepancies arising; assessment 

of completeness and uncertainty of the inventory; consideration of recommendations and encourage-

ments, gained from ERT during the process of annual inventory review. 
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ES.2 Summary on national trends of emissions and removals 
 

As a result of the occupation and attempted annexation of Crimea and armed aggression by 

the Russian Federation, since 2014 slightly over 7 % of the territory of Ukraine temporarily remains 

out of control of the Government of Ukraine1. This fact complicates, and sometimes makes impossi-

ble, the process of data collecting and reporting, needed for the annual National GHG Inventory. 

The temporary occupation by the Russian Federation territory of Ukraine is steadfastly con-

demned 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 çTerritorial Integrity of Ukraineè confirmed the internationally 

recognized borders of Ukraine and the absence of any legal basis to change the status of the Autono-

mous Republic of Crimea and the city of Sevastopol. The same stance was confirmed by the UN 

General Assembly resolution 71/205 ñSituation of human rights in the Autonomous Republic of Cri-

mea and the city of Sevastopol (Ukraine)ò of December 19, 2016, which unambiguously defines 

Russia as an occupying power. Besides that, numerous documents in support of Ukraineôs territorial 

integrity within its internationally recognized borders were approved by the Committee of Ministers 

of the Council of Europe, Parliamentary Assembly of the Council of Europe, OSCE Parliamentary 

Assembly and other international organizations. 

It should be noted that the ongoing armed aggression of the Russian Federation against 

Ukraine has a strong negative impact on the overall economic situation in Ukraine and has led to the 

reduction in industrial production. 

Thus, for emission and reduction estimations on temporarily occupied by the Russian Fed-

eration territory of Ukraine expert estimation was performed, and the results of the inventory are an 

aggregation of this assessment with the results of inventory made on the basis of official data for the 

years 2014-2021 for the rest of the territory of Ukraine. 

GHG emissions in Ukraine in 2021 amounted to 330.41 Mt CO2-eq. excluding LULUCF, 

what is 65.0 % lower than in the base 1990 level, but 3.9 % higher than in 2020. With the LULUCF 

sector, emissions in 2021 amounted to 344.64 Mt CO2-eq. and decreased in comparison with base 

year by 62.2 %, but increased by 8.5 % in comparison with 2020. 

The largest share of GHG emissions in the base year is carbon dioxide - 74.0 % with LU-

LUCF. Methane emissions in 1990 were 20.1 %, and those of nitrous oxide - 5.9 %. In 2021 carbon 

dioxide remained the largest emitted gas ï 66.0 % of all GHG emissions, with 20.8 % and 12.7 % of 

methane and nitrous oxide respectively. 

CO2 emissions take place in all sectors, as well as removals of CO2 in the LULUCF sector. 

CO2 emissions in 1990 amounted to 674.59 Mt and decreased as of 2021 by 66.3 %, to the level of 

227.34 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 decreasing of CO2 emissions. In 

the period from 2000 through 2007, CO2 emissions stabilized with a slight upward trend. Despite the 

increase in CO2 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 growth 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 

factor that had a significant impact on CO2 emission trends in this period was modernization of pro-

duction, which made possible to reduce energy consumption, and, correspondingly, ʉʆ2 emissions, 

i.e. carbon-intensity of major commodity group production. 

CO2 emission trend in 2008-2021 was determined by the influence of the global financial 

and economic crisis in 2008-2009 and a temporary occupation by the Russian Federation territory of 

Ukraine in 2014, which largely determined commodity production in the major export-oriented in-

dustries (metallurgy, chemical, mechanical engineering, etc.), which in turn affect supply sectors - 

 
1 On 18 January 2018, the Parliament of Ukraine adopted the law ñOn the peculiarities of State policy on ensuring 

Ukraineôs State sovereignty over temporarily occupied territories in Donetsk and Luhansk regionsò, which defines the 

legal status of certain areas of the Donetsk and Luhansk regions as temporarily occupied territories of Ukraine 
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electric power generation, mining (ore and coal mining)2. Recover of economy after strict anti-

COVID-19 measures in 2020 resulted in increase of GHG emissions in all sectors, except Waste. 

Totals of 2015-2021 are presenting the results of number of factors, connected with overall 

economy growth of Ukraine, structure and amount of fuels used in Energy and industry products 

outputs. 

Moreover, during the entire time series since 1990 to 2007 GHG removals were decreasing 

in LULUCF and in 2011-2019 and 2021 the sector became a net source, what was connected mainly 

with national practices of cropland and grassland management, as well as forestry. 

In 2020 significant changes in C-emissions and removals occurred in LULUCF sector, which 

led to rapid drop of emissions (please see chapter 6 for more details). 

Emissions of CH4 are the second largest after ʉʆ2 if considering their share in total GHG 

emissions. In 2021 CH4 emissions in Ukraine amounted to 71.57 Mt CO2-eq., what is 60.9% lower 

compared to 1990, and by 0.6 % than in 2020 (Table ES.2.1). The largest CH4 source in the energy 

sector is coal mining, as well as the processes of production, transportation, storage, distribution, and 

consumption of oil and natural gas. In agriculture, the main source of CH4 emissions is enteric fer-

mentation of cattle. The economic decline and structural changes were accompanied by reduction in 

agricultural production, which led to reduced methane emissions in the Agriculture sector in 2021 to 

324.32 kt, what is more than five times lower than in 1990. 

Nitrous oxide emissions in Ukraine with the LULUCF sector in 2021 amounted to 

43.79 Mt CO2-eq., which in comparison with 1990 (53.64 Mt CO2-eq.) is 18.4 % lower (Table 

ES.2.1). Compared with 2020, emissions of nitrous oxide increased by 10.5 %. The dominant source 

of nitrous oxide emissions in Ukraine, as in the previous submissions, is the Agriculture sector - 

87.9 % of total nitrous oxide emissions in 2021. Emission sources in this sector are the categories of 

agricultural soils and manure management. Moreover, N2O emissions take place in the sector IPPU 

(5.7 %), Energy (3.5 %), Waste (2.5 %), as well as LULUCF (0.4 %). 

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

equivalent. 

 

 
2 On 18 January 2018, the Parliament of Ukraine adopted the law ñOn the peculiarities of State policy on ensuring 

Ukraineôs State sovereignty over temporarily occupied territories in Donetsk and Luhansk regionsò, which defines the 

legal status of certain areas of the Donetsk and Luhansk regions as temporarily occupied territories of Ukraine 
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Table ES.2.1. GHG emissions, Mt CO2-eq. 

Gas 1990 1995 2000 2005 2010 2015 2016 2017 2018 2019 2020 2021 

Current year 

compared to 

base year, % 

CO2 (excluding 

LULUCF)  
706.2 390.1 285.7 313.5 294.4 223.8 234.0 223.1 231.7 221.9 206.8 213.3 -69.8 

CH4 182.9 139.1 118.3 102.8 84.9 61.6 66.4 64.2 67.9 70.1 72.0 71.6 -60.9 

N2O 53.6 33.1 24.1 25.9 27.6 33.2 36.5 35.1 39.0 40.6 38.1 43.8 -18.4 

HFCs* NO NO 15.7 285.1 743.9 801.6 921.4 1049.3 1395.8 1683.0 1747.0 1895.2 100.0 

PFCs*,**  235.8 178.1 115.7 142.3 26.7 NO NO NO NO NO NO NO -100.0 

SF6*  0.0 0.1 0.4 4.5 9.7 19.6 24.4 28.6 33.4 38.8 43.4 48.9 641194.7 

NF3*  NO NO NO NO NO NO NO NO NO NO NO NO - 

Net ʉʆ2 from LU-

LUCF 
-31.6 -32.4 -23.2 -9.3 -9.2 19.5 24.2 13.3 24.7 23.1 -1.1 14.0 -144.4 

CO2 (including 

LULUCF)  
674.6 357.6 262.5 304.3 285.1 243.3 258.2 236.4 256.4 245.1 205.8 227.3 -66.3 

Total (excluding 

LULUCF)  
942.8 562.1 427.9 442.4 407.4 319.2 337.6 323.3 339.8 334.1 318.0 330.4 -65.0 

Total (including 

LULUCF)  
911.4 530.0 405.0 433.5 398.4 338.9 362.0 336.7 364.7 357.5 317.6 344.6 -62.2 

Total (excluding 

LULUCF), includ-

ing indirect CO2 

942.8 562.1 427.9 442.4 407.4 319.2 337.6 323.3 339.8 334.1 318.0 330.4 -65.0 

Total (including 

LULUCF), includ-

ing indirect CO2 

911.4 530.0 405.0 433.5 398.4 338.9 362.0 336.7 364.7 357.5 317.6 344.6 -62.2 

*emissions quoted in kt CO2-eq. 

** there are no PFC emissions, as cooling agents containing the gas were not imported in 2011-2021 
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ES.3 Overview of source and sink category emission estimates and 

trends 
 

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

¶ Energy;  

¶ Industrial Processes and Product Use (IPPU);  

¶ Agriculture;  

¶ Land Use, Land Use Change and Forestry (LULUCF);  

¶ Waste.  

The largest GHG emissions in Ukraine take place in the Energy sector. In 2021, the share of 

this sector accounted for around 64 % without the LULUCF sector. About 76 % of emissions in this 

sector account for emissions in the Fuel Combustion category, which include the categories of Energy 

Industries, Manufacturing Industries and Construction, Transport, Other Sectors, and Other, as well 

as 24 % - emissions in 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: from 17.6 % in 1990 to 28.7 % 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 with 

fugitive fuels was gradually decreasing to 24.0 % in 2021, which is due to activities in the field of 

energy efficiency and energy source replacement implemented in the country. 

Global pandemic of COVID-19 and measures against the disease slowed the economy re-

sulting in decrease of GHG emissions in Energy sector in 2020. Particularly it affected energy indus-

tries, transport and other sectors. 

The GHG emission structure is shown in Figure ES.3.1. 

 

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

 
The economic decline that followed the collapse of the USSR in 1991 led to significant re-

duction of production, energy consumption, and thus to lower CO2 emissions. In the period between 

2000 and 2007, there was some stabilization with a slight increase in production, and in the period 

since 2008, due to the global financial and economic crisis, there was a drop in production and, thus, 

in CO2 emissions. In 2021, emissions in the IPPU sector decreased by 48.0 % compared to the base 
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year. The key reasons for the reduction of emissions are the decreased production level due to the 

outflow of investment capital, unstable export dynamics, contraction of the domestic market, as well 

as the discrepancies in established "raw material-production-sales" connections in the regions of the 

country. Significant impact on industry development has situation on the East of the country. It is not 

only connected with catastrophic industry production drop in Donetsk and Lugansk regions. For 

neighboring regions, which had strong production-sales connections with Donbass region, it is chal-

lenging to compensate those losses by other supply chains. 

2021 was characterized as recover of economy after the COVID-19 global pandemic. In the 

IPPU sector it is connected with the growth of emissions in the metal industry compared to drop in 

2020. 

The share of the Agriculture sector in total GHG emissions without LULUCF was 14.2 % in 

2021. The major sources of emissions in the Agricultural sector are enteric fermentation and agricul-

tural soils, 15.0 % and 80.0 % of the total emissions in the sector in 2021, respectively. Emissions in 

this sector decreased by 45.9 % compared to the base year, but rose by 12.8 % as compared to previ-

ous year mostly due to emissions in agricultural soils. 

Changes in emissions over the reporting period in category 3.A Enteric Fermentation (-82.1 

and -0.1 % to base and previous years respectively) is associated with the change in the number of 

livestock, herd structure and gross energy values.  

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 of 1990-2021 is directly 

related to partial replacement in the structure of manure distribution at cattle breeding enterprises of 

liquid slurry MMS with solid storage: in 1990 the percentage of cattle manure in liquid slurry 

amounted to 21.0% of the total produced manure, while in 2021 ī to only about 5.3%.  

The methane emissions fluctuation in reported year (compared to the base year, as well as to 

the previous year) in category 3.C Rice Cultivation caused by a harvested area variation (from 27.7 

kha in 1990 to 10.4 kha in 2021).  

Nitrous oxide emissions change in category 3.D Agricultural Soils by 2021 is due to the 

changes in the amount applied fertilizers, areas under certain crops and their productivity. 

The LULUCF sector includes both emissions and removals of carbon dioxide, as well as 

emissions of CH4, and N2O. The resulting values of the inventory in the LULUCF sector in 2021 is a 

net source. Net CO2 emissions in the sector in 2021 is equal to 14.2 Mt CO2-eq. compared to the net 

removals of 31.4 Mt CO2-eq. in the base 1990 year. The main reason for such shift is change in 

agriculture management system on croplands, what has resulted in change from 4.6 Mt CO2-eq. of 

removals in 1990 to 48.3 Mt CO2-eq. of emissions in 2021. Particularly, significant influence has the 

areas, yield, and structure of harvested crops from those lands, as well as fertilizers applied. These 

factors also contributed to a rapid change in emissions compared with 2020 by 76.0 %, which is re-

lated to high yield of crops in 2021. 

Also, big influence has decrease in peat extraction areas and volumes, what caused decrease 

in GHG emissions from 12.0 Mt CO2-eq. in 1990 to 0.2 Mt CO2-eq. in 2021. 

Moreover, rapid changes in land use, especially those resulting in emissions from living bi-

omass, has significant impact on general level of emissions in the sector. 

The contribution of the Waste sector in 2021 in total emissions is 3.7 %. The main source of 

CH4 emissions is landfills of municipal solid waste (MSW), and that of emissions of N2O - human 

sewage. In relation to the base year, emissions in the sector decreased by 2.3 % in 2021. 

Fig. ES.3.2 presents emissions as positive values and removals as negative. 
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Fig. ES.3.2. Total GHG emissions (+) and removals (-) with and without the LULUCF sector, Mt 

CO2-eq. 

 

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

2021. 

 

Table ES.3.1. Trends in aggregate direct action GHG emissions by sector, Mt CO2-eq. 

Sector 1990 1995 2000 2005 2010 2015 2016 2017 2018 2019 2020 2021 

Current 

year com-

pared to 

base year, 

% 

Energy 725.3 431.4 311.3 315.1 286.4 210.8 224.8 217.8 226.3 219.2 208.0 209.7 -71.1 

IPPU 118.2 58.2 67.5 81.0 74.7 56.4 58.1 51.9 56.5 57.6 56.0 61.5 -48.0 

Agriculture 86.8 60.6 37.3 33.9 33.5 39.4 42.0 41.0 44.4 44.8 41.7 47.0 -45.9 

LULUCF 

(removals) 
-31.4 -32.1 -22.9 -8.9 -9.0 19.7 24.4 13.4 24.9 23.3 -0.4 14.2 -145.3 

Waste 12.4 12.0 11.8 12.4 12.7 12.6 12.7 12.7 12.6 12.6 12.4 12.2 -2.3 

Total (in-

cluding 

LULUCF)  

911.4 530.0 405.0 433.5 398.4 338.9 362.0 336.7 364.7 357.5 317.6 344.6 -62.2 

Total (ex-

cluding 

LULUCF)  

942.8 562.1 427.9 442.4 407.4 319.2 337.6 323.3 339.8 334.1 318.0 330.4 -65.0 

Total (in-

cluding 

LULUCF), 

including 

indirect 

CO2 

911.4 530.0 405.0 433.5 398.4 338.9 362.0 336.7 364.7 357.5 317.6 344.6 -62.2 

Total (ex-

cluding 

LULUCF), 

including 

indirect 

CO2 

942.8 562.1 427.9 442.4 407.4 319.2 337.6 323.3 339.8 334.1 318.0 330.4 -65.0 
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ES.4 Other Information 
 

This section indicates sulfur dioxide and precursors emissions: nitrogen oxides, carbon mon-

oxide, NMVOC. Precursor emissions take place in the Energy, IPPU, as well as Agriculture and LU-

LUCF sectors. Table ES.4.1 reflects trends in summary precursors emissions and sulfur dioxide for 

the period of 1990-2021.  

 
Table ES.4.1. Summary information on precursors emissions, kt 

Gas 1990 1995 2000 2005 2010 2015 2016 2017 2018 2019 2020 2021 
Change, 

% 

NOx 2273.8 1091.6 856.7 895.9 774.4 562.3 580.4 573.0 590.2 635.8 565.8 575.8 -74.7 

CO 4323.0 1713.8 1213.6 1278.1 1149.8 927.1 822.9 854.4 864.7 933.8 965.5 759.8 -82.4 

NMVOC  3539.2 2006.8 1492.6 1552.3 1211.1 858.6 868.5 801.2 812.0 910.6 681.2 692.4 -80.4 

SO2 1652.2 846.7 734.4 820.0 867.1 750.6 800.8 724.3 787.8 746.6 666.2 673.1 -59.3 

 

Comparing with 1990, precursors and sulfur dioxide emissions in Ukraine decreased by 59.3-

82.4 %. The main source of emissions of these gases is the Energy sector. 

Estimations of indirect N2O 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 reported 

in Chapter 9. 
 

Table ES.4.2. Summary information on indirect CO2 and N2O emissions, kt 

Gas 1990 1995 2000 2005 2010 2015 2016 2017 2018 2019 2020 2021 
Chang

e, % 

Indirect 

CO2 

NO, 

NE 

NO, 

NE 

NO, 

NE 

NO, 

NE 

NO, 

NE 

NO, 

NE 

NO, 

NE 

NO, 

NE 

NO, 

NE 

NO, 

NE 

NO, 

NE 

NO, 

NE 
- 

Indirect 

N2O 
11.8 6.0 4.1 4.3 3.7 2.7 2.8 2.7 2.8 2.8 2.7 2.6 -77.9 
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1 INTRODUCTION 
 

1.1 Background information on greenhouse gas inventories and climate change 
 

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 create favorable natural and climatic conditions in its territory. However, those conditions have 

been changing substantially throughout recent decades, bringing about serious threats and challenges 

for countryôs sustainable development due to increased risks for human health, life and activities, 

natural ecosystems, and economy sectors. 

The main manifestations of regional climate changes in Ukraine within the global warming 

processes include significant rise of air temperatures, changes of thermal regime and structure of 

precipitation, increased number of hazard meteorological phenomena and extreme weather events, 

which all result in losses for countryôs population and various economy sectors. 

Global warming during recent decades is unequivocal, and the first decade of the 21st century 

turned out to be the warmest in the period of instrumental weather observations (since 1850). In the 

Northern hemisphere, the period of 1983 to 2012 was probably the warmest 30-year period in the last 

1400 years [20]. 

Intensive increase of surface air temperatures has been also observed in Ukraine since mid-

20th century. The rate of change of the average as well as minimum, and maximum annual tempera-

tures in the country was 0.3oC/10 years in 1961-2013. Since late 1990s, a stable transition of the 

annual air temperature anomaly to above 0oC is observed (Fig.1.1). The period of late 20th and early 

21st century was possibly the warmest one for the duration of instrumental weather observations in 

Ukraine (since 1890s) [3, 8, 13, 15, 17, 19]. 

Unfortunately, it is not possible to obtain reliable meteorological data for the whole territory 

of Ukraine since 2014 after the occupation and attempted annexation of Crimea. Information on hy-

drometeorological parameters from observation stations is not transmitted to Ukrainian Hydromete-

orological Center, and, as a result, unavailable for aggregation. Therefore, the data on regional effects 

of the global climate change in Ukraine are limited by the year 2013. 

 

 
Fig. 1.1. Anomalies of annual air temperature in Ukraine with respect to the 1961ï1990 reference 

period [3] 

 

The summer and winter seasons are the main contributors to the change of annual tempera-

ture in Ukraine. Their average temperatures increased by 1.3 and 0.9oC, respectively, in 1991-2013 

(Fig.1.2). Also, the air temperature rise was the highest in January (2.3oC) and July (1.4oC). The 

average temperature in spring increased by 0.8oC mostly due to temperature anomaly observed in 

March. There was only a minor change of autumn temperature (0.4oC) [3]. 
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ʘ) average temperature 

 

b) minimum temperature 

 

c) maximum temperature 

 
Fig.1.2. Anomalies of average (ʘ), minimum (b) and maximum (c) air temperatures per seasons and 

year in 1991-2013 with respect to the 1961ï1990 reference period [3] 

 

Rise of the average annual and monthly air temperatures was determined by the increase of 

minimum and maximum temperatures throughout the whole year [3]. Also, as seen from Fig.1.2, a 

greater growth of minimum temperature is observed during a cold period (by 1.2oC in winter), while 

a growth of maximum temperature is evident for a warm period (by 1.5oC in summer). The average 

maximum temperature in spring increased by 0.9oC, while the minimum ones by 0.5oC. Minimum 

and maximum air temperatures in autumn have changed much less [3]. 

The change of temperature regime in Ukraine features regional aspects. The common pattern 

of the annual air temperature change in Ukraine in 1991-2013 with respect to the reference period is 

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

[3]. Rising of annual air temperatures in the countryôs northeast was significantly greater than aver-

aged over the whole country and made 1.2-1.4oC, while the magnitude of such changes was half as 

much (0.6oC) in Ukraineôs south and in the Carpathian region. Annual air temperature at the South 

Coast of the Crimea changed insignificantly [3] (Fig.1.3). 

Change in the isotherm positions reflects the spatial features of temperature regime change. 

Thus, the annual isotherms of 6oC and 7oC passed through the northeastern part of Ukraine in 1961-

1990, isotherm of 8oC was located in the central regions of the country, and 9oC -  in the southern 

regions. In 1991-2013, each isotherm shifted by 1oC almost throughout the territory of Ukraine [3], 

but the greatest changes are observed in the far northeast, where the isotherms of 6oC and 7oC are no 

longer presented, the isotherm of 8oC moved 300-400km northwards being passed through the north-

ern regions of the country, the isotherm of 8oC instead of 7oC emerged in the west, and the isotherms 

of 9oC and 10oC instead of 8oC and 9oC appeared in the south (Fig.1.3). 

 

ʘ)   1961-1990                                                 b) 1991-2013 

 
Fig.1.3. Average annual air temperatures: ʘ) 1961-1990; b) 1991-2013 

 

The seasonal changes of temperature regime in Ukraine also demonstrate regional variations. 

Winters in the second half of the 20th through early 21st century became warmer over the whole terri-

tory of Ukraine (Fig.1.4). The average winter air temperature increased by more than 1oC in 1991-
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2013 compared to 1961-1990 over a significant part of countryôs territory [3]. In the north of the 

country, this growth exceeded 1.4oC, and positive temperature anomalies amounted to 1.6oC and 

above in the northern Sumy and Chernihiv oblasts. In the Autonomous Republic of Crimea, winter 

temperature increased by 0.2-0.6oC. 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 significantly lower 

than those of the minimum temperature. 

 

a) average winter temperature 

anomalies 

 

b) minimum winter tempera-

ture anomalies 

 

c) maximum winter tempera-

ture anomalies 

 
Fig. 1.4. Anomalies (oC) of average, minimum and maximum winter air temperatures in 1991-2013 

with respect to the 1961ï1990 reference period 

 

Spring season became warmer in 1991-2013 compared to 1961-1990 almost over the whole 

territory of Ukraine with the exception of the southernmost parts of the Crimea [3]. The highest 

growth of average spring air temperatures (1.0oC 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 almost over the whole territory of the country, except the Luhansk oblast. Two regions stand 

apart, viz., the Volhynian-Podolian Upland and the left bank of the Dnipro River, where those changes 

are the most significant and make  0.6-0.8oC and above. The average maximum spring temperatures 

increased in the whole territory of the country in 1991-2013. The most significant changes are ob-

served in the north, west, and southwest of the country amounting to 1.0-1.2oC and above [3]. 

 

a) average spring temperature 

anomalies 

 

b) minimum spring tempera-

ture anomalies 

 

c) maximum spring tempera-

ture anomalies 

 
Fig. 1.5. Anomalies (oC) of average, minimum and maximum spring air temperatures in 1991-2013 

with respect to the 1961ï1990 reference period 

 

Summers were much hotter in Ukraine compared to reference period in the second half of 

the 20th through early 21st century (Fig.1.6). A significant rise in the average summer air temperatures 

is observed ranging from 0.8-1.0oC in the east of the country to 1.4oC and above in the Transcarpa-

thian region, in the Odesa oblast, and the South Coast of the Crimea [3]. Rise of the maximum summer 

air temperatures is significantly greater and intensifying from the east to the west and southwest of 

the country from 1.2-1.4oC to 1.6-1.8oC and above. The minimum summer air temperatures were also 

rising over the whole territory of the country. The anomalies of the average summer minimum tem-

peratures were growing from the north and northeast to the south and southwest from 0.4-0.8oC to 

1.2oC and above in 1991-2013 (Fig.1.6). 
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a) average summer temperature 

anomalies 

 

b) minimum summer tempera-

ture anomalies 

 

c) maximum summer tempera-

ture anomalies 

 
Fig. 1.6. Anomalies (oC) of average, minimum and maximum summer air temperatures in 1991-2013 

with respect to the 1961ï1990 reference period 

 

Autumn temperatures also increased in Ukraine in 1991-2013 compared to the reference 

period, however, those changes are minor and their maximum values do not exceed 0.5oC [3]. Such 

changes are observed in the northeastern, central, eastern, and southern regions of Ukraine. Changes 

of the minimum temperature are inhomogeneous over the territory with the maximum values of pos-

itive anomalies reaching 0.6oC and above in the Volhynian-Podolian Upland and the northern part of 

the Volynska oblast, left bank of the Dnipro River, and north coast of the Sea of Azov [3]. The average 

minimum air temperatures in autumn changed marginally or even decreased in some areas in the 

northwest and far east of the country. Changes in the average maximum autumn temperatures were 

negligible in recent decades [3] (Fig.1.7). 

 

a) average autumn temperature 

anomalies 

 

b) minimum autumn tempera-

ture anomalies 

 

c) maximum autumn tempera-

ture anomalies 

 
Fig. 1.7. Anomalies (oC) of average, minimum and maximum autumn air temperatures in 1991-2013 

with respect to the 1961ï1990 reference period 

 

The trend is also observed in Ukraine towards increasing the duration of a warm period when 

average daily temperatures exceed 0oC [8]. In the Southern Steppe, in the Crimea and Subcarpathia, 

the warm period has become nearly two weeks longer (12 days) compared to the reference period. 

Moving further north, the period duration is growing. These changes already amount to 15-18 days 

in the Forest Steppe zone, and 22-24 days in the western and eastern Polissia. The greatest changes 

were observed in the central Polissia, where the warm period duration amounted to 278 days at the 

beginning of the 21st century, which is 40 days longer than the baseline long-time average value. 

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 above 15oC and, 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, 35oC ï heat waves) is also observed, that significantly influences the human 

health and livelihood in Ukraine [4, 8, 15].  

Rising of air temperatures in the warm period is not only observed near the ground, but also 

in the lower troposphere and leads to an increased convection intensity, and, consequently, to in-

creased frequency and intensity of convective weather phenomena, such as thunderstorms, heavy 

rainfall, hail, squalls, and whirlwinds [1, 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 they 

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 dropping 

below -10, -20, -25oC, as well as the duration of extremely cold periods have decreased [17]. Rising 

of air temperatures in the cold period has significantly impacted on the frequency and intensity of 

extreme weather events and natural disasters of the cold period, such as shower snowfall, sleet, glaze 

and rime deposits. A trend towards their increase is observed in many regions of Ukraine [2, 6, 13-

15, 19]. 

In the recent decades, the average and maximum wind speed is lowering that leads to de-

creasing the frequency of such related hazardous weather phenomena as blizzards and dust storms [2, 

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 the 21st century, 

winters have changed from the ñmoderately severeò to ñlightly severeò category over the significant 

part of the Ukrainian territory. 

In contrast to air temperatures, the change in annual precipitation sums was negligible in 

Ukraine (3-5%). The variations of annual precipitation in the recent period were within the climatic 

normal variability, but the amplitude of inter-annual variations decreased [4-6, 8, 13, 15, 19]. Not-

withstanding the insignificant changes in the annual precipitation sums, their seasonal and monthly 

values have been redistributed. The greatest changes were observed in autumn, when a significant 

increase in the amount of precipitation was recorded (about 20%) with maximum in October. The 

winter precipitation decreased slightly. At the same time a number and intensity of hazardous and 

heavy precipitation events increased, especially in the warm period [2, 5, 6, 8, 13, 19]. 

Rising of air temperatures and non-uniform distribution of precipitation events, which are 

characterized as  shower and local in the warm period and fail to ensure efficient accumulation of 

moisture in the soil, have led to an increased frequency and intensity of drought 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 inci-

dence of droughts has nearly 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 Steppe [8,12,15,18]. 

The change of the temperature and precipitation regimes impacts on the physiological pro-

cesses, which determine the life of the forest flora and fauna, leads to respective changes in the biota, 

which is a sensitive indicator of environmental conditions [6]. Phenological changes have been rec-

orded in Ukraine, such as earlier flowering and shedding of leaves, and repeat development. The 

geographic ranges of plant species are changing significantly, and invasive species appear and spread 

rapidly. The latter include numerous hazardous weeds, allergens, agents of disease [6].  

Rising of air temperatures 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 forests. 

The hazard of wild fires is growing. This hazard is exacerbated by increased thunderstorm 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 season and lower demand for the thermal energy 

generation [8, 15]. At the same time, rising of air temperatures in the warm period leads to increased 

electricity consumption for cooling and air conditioning. 

The regional effects of climate change are of special interest, which currently goes beyond 

the scope of scientific issues alone. Since different types of ecosystem response to the transformation 

of planetary processes, including those caused by anthropogenic effect, are recorded in different areas, 

there arises an acute need to identify their key trends and regularities. Such analysis is necessary for 

increasing the accuracy and reliability of forecasting all possible regional climate changes to address 

comprehensive applied tasks and implement local programs of adaptation to the climate change im-

pact on climate dependent economy sectors. 

To carry out a comprehensive analysis of possible regional differences of climatic conditions 
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in Ukraine in the 21st century, the ensembles of ten regional climate models (RCMs) for air tempera-

ture and of four RCMs for precipitation sums from the European project FP-6 ENSEMBLES for the 

scenario of greenhouse gas emissions IPCC SRES ɸ1ɺ have been elaborated. Absolute values for 

the forecast periods have been adjusted based on the simulated changes and the data of the gridded 

dataset E-Obs for the recent period of 1991-2010, employing the additive and multiplicative methods. 

The RCM ensembles have been developed by researchers of the Ukrainian Hydrometeorological In-

stitute and identified as being optimal for the analysis and forecasting of the regional features of 

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 averag-

ing over five selected regions and the countryôs territory in the whole. Individual regions West, North, 

East, South, and Center have been identified based on similarity of physiographic conditions and 

accounting for the countryôs administrative and territorial structure. Such zoning will contribute to 

subsequent use of research findings for strategic planning of socioeconomic development of individ-

ual regions, as well as for development and implementation of the climate change mitigation and 

adaptation actions. 

Three 20-year forecast periods have been examined: 2011-2030, 2031-2050, and 2081-2100. 

The analysis of projections of average air temperatures has shown (Fig.1.8) that in the nearest period 

of 2011-2030, the average temperature over the territory of Ukraine will rise by 0.4-0.5oC, ranging 

from 0.1oC in the western region in spring and up to 0.8oC in the northeast in summer. In the next 20-

year period (2031-2050), the average temperature for the territory will increased by 1.2-1.5oC against 

the present climate, ranging from 0.7oC in the west in spring and to 1.9oC in the northeast in winter. 

By the end of the century (2081-2100), the average temperature for the territory will rise by 2.9-3.3oC, 

with the minimum value of 2.1oC in the western region in spring, and the maximum temperature 

increase by 4.3oC in the southern region and in the south of the eastern region in summer. The smallest 

changes are projected for the western region in all seasons, as well as for all regions in spring for the 

whole century [9, 10, 11]. 

 

 
Fig. 1.8. Changes of air temperatures in winter and summer during the three forecast periods (2011-

2030, 2031-2050, and 2081-2100) against the present period of 1991-2010 for ensemble with ten 

RCMs 

 

The main trends of the projected climate conditions in Ukraine in the 21st century are as 

follows. There will be no winter climatic season in the far west and southern region by the end of the 
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century, as average temperatures in winter months above 0oC have been obtained. At the same time, 

average monthly summer temperatures above 25oC are projected for the central, eastern, and southern 

regions by the end of this century. As is apparent from the obtained values, the change of climatic 

conditions will significantly impact the duration of climatic seasons in Ukraine in the future. 

As regards the moisture regime, both increase and decrease of average monthly and seasonal 

precipitation is projected for the territory in all the reviewed periods. In the nearest period (until 2030), 

precipitation will be decreasing by up to 20% in the central, northern, and southern regions in summer 

and autumn, and will be increasing by up to 42% in the west, north, and east in winter and spring. By 

the middle of the century (2031-2050), precipitation will be decreasing by up to 30% in the central, 

southern, and eastern regions in summer, and increasing by up to 50% in the western, northern, and 

eastern regions and in the eastern part of the southern region in winter and spring. By the end of the 

century (2081-2100), precipitation will be decreasing by up to 40% in the southern, central, and east-

ern regions in summer and will be increasing by more than 40% and up to 50% in the west and north 

in the winter and spring seasons. Therefore, the maximum increase of average monthly precipitation 

is expected in winter and spring in the countryôs west and north in all the forecast periods. A decrease 

in the amount of precipitation is projected in the summer and autumn seasons in the central, 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 I 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 I Parties must submit its annual National Inventory Report, which includes 

detailed and complete information for the entire time series in accordance with the guidelines of the 

UNFCCC. 

The National Inventory Report was prepared in accordance with the revised "Guidelines for 

the preparation of national communications by Parties included in Annex I to the Convention, Part I: 

UNFCCC reporting guidelines on annual greenhouse gas inventories" (FCCC/CP/2013/10/Add.3), 

taking into account the structure of the report proposed in the appendix to Annex I of Deci-

sion 24/CP.19 ("An outline and general structure of the national inventory report"). The preparation 

was carried out with in line with the requirements of Decision 6/CMP.9 on application of the 2006 

IPCC Guidelines for National Greenhouse Gas Inventories and the 2013 Revised Supplementary 

Methods and Good Practice Guidance Arising from the Kyoto Protocol. 

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 

reporting format (CRF), as well as CRF tables for reporting information on activities in accordance 

with paragraphs 3 and 4, Article 3 of the Kyoto Protocol, in accordance with Decision 14/CP.11 and 

2/CMP.8.  

The inventory covers emissions of seven GHGs: carbon dioxide (ʉʆ2), methane (CH4), ni-

trous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride 

(SF6), nitrogen trifluoride (NF3). 

There is data on precursor emissions also - carbon monoxide (CO), nitrogen oxides (NOx), 

and non-methane volatile organic compounds (NMVOCs), as well as data about emissions of sulfur 

dioxide (SO2).  

To bring emissions of various gases to the carbon dioxide equivalent, the inventory used 

IPCC data on values of the global warming potentials of GHGs, stated in AR4 and contained in Annex 

III of the revised "UNFCCC Annex I National Inventory Reporting Guidelines, part I: UNFCCC 

guidelines for reporting annual greenhouse gas inventories", adopted at the nineteenth session of the 

Conference of Parties. 
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1.2 Institutional arrangements for National Inventory Report preparation, in-

cluding legal and procedural arrangements for inventory planning, preparation, 

and management 
 

1.2.1 Overview of institutional, 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 adopted. 

According to Decree of the President of Ukraine of September 12, 2005 of No. 1239/2005 the MENR 

is authorized as the coordinator of activities for the implementation of Ukraine's commitments under 

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 Montreal 

Protocol evaluation system, and defined its objectives and functions. Later 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 mainly concerned the ways of the national system's functioning ï addi-

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 case, these are 

public authorities and institutions, plants, etc.) ï within 30 days from the date of receipt of the request. 

In turn by the Order of the MENR of January 31, 2017 No. 35 çOn approval of the Structure 

of the Ministry of Ecology and Natural Resources of Ukraineè, amendments were introduced that 

influenced the structure of the central apparatus of the MENR, namely the Department of Climate 

Change and Ozone Layer Protection was set up. 

   According to Resolution of the Cabinet of Ministers of Ukraine of September 02, 2019 No. 

829 çSome Issues of Optimization of the System of Central Executive Government Bodiesè, the de-

cision was made to rename of the MENR to the Ministry of Energy and Environmental Protection of 

Ukraine (hereinafter ï MEEP).  

In turn by the Order of the MEEP of February 11, 2020 No. 83 çOn approval of the Structure 

and number of independent structural units of the MEEPè, amendments were introduced that influ-

enced the structure of the central apparatus of the MEEP, namely the Directorate 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 

çSome Issues of Optimization of the System of Central Executive Government Bodiesè, the decision 

was made to rename of the MENR to the Ministry of Energy of Ukraine and create a Ministry of 

Environmental Protection and Natural Resources of Ukraine (hereinafter ï MEPR). 

In accordance by the Order of the MEPR of July 08, 2020, the new structure was approved, 

namely the Department of Climate Policy and Ozone Layer Protection was set up. 

In turn by the Order of the MEPR of August 29, 2022 No. 327, the new MEPR apparatus 

structure was approved, namely the Department of Climate Policy and Ozone Layer Protection was 

set up. 

For more details on these functions, see the information in the Generalized Scheme of the 

National GHG Inventory System in Ukraine (Fig. 1.9). 

 

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

inventory 

 

One of foundational 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 Environmental Protection of May 31, 2007 

of No. 268 About approving the Work Plan for Annual Preparation and Maintenance of the National 



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

28 

Inventory of Greenhouse Gas Emissions and Removals and the Work Plan to Maintain and Control 

the Quality of Activity Data and Calculations 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 carried out general planning of the inventory, 

as provided for in Resolution 19/CMP.1. In particular, it defined and allocated specific responsibilities 

in the inventory development process, including duties directly associated with the choice of meth-

odologies, collection of primary data, data on activities of ministries, agencies, and other entities, 

processing and archiving of data, as well as Quality Assurance and Quality Control procedures. As 

part of the planning, the SEIA of Ukraine considered the ways to improve the quality of functioning 

of the National System for estimating GHG emissions and removals and of preparing the NIR. For 

that operational and medium-term planning were applied. 

According to Resolution of the Cabinet of Ministers of Ukraine of September 10, 2014 No. 

442 çOn Optimizations of Central Executive Authoritiesè, the decision was made on elimination of 

the SEIA of Ukraine and delegating its functions to the MENR. Consequently after amendments to 

the Ministryôs apparatus by Order of the MENR of January 31, 2017 No. 35 the Department of Cli-

mate Change and Ozone Layer Protection was formed. The Department of climate policy functioned 

before October 31, 2016 in accordance with the order of the mayor of May 12, 2015 ˉ 147. 

According to Resolution of the Cabinet of Ministers of Ukraine of September 02, 2019 No. 

829 çSome Issues of Optimization of the System of Central Executive Government Bodiesè, the de-

cision was made to rename of the MENR to the MEEP. 

Consequently after amendments to the Ministryôs apparatus by Order of the MEEP of Feb-

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 

çSome Issues of Optimization of the System of Central Executive Government Bodiesè, the decision 

was made to create a MEPR. In turn by the Order of the MEPR of July 08, 2020, the new structure 

was approved, namely the Department of Climate Policy and Ozone Layer Protection was set up. 

Subsequently, by Order of the Ministry of Natural Resources dated August 29, 2022 No. 327, the new 

MEPR apparatus structure was approved with the Department of Climate Policy and Ozone Layer 

Protection. 

Creation, development, and functioning of the national system of inventory of anthropogenic 

GHG emissions and removals are governed by the applicable Ukrainian legislation. The National 

Inventory System includes: 

ü State and private organizations and enterprises, as well as private entrepreneurs and indi-

viduals who being primary subjects of holding or control of GHG sources and sinks shall submit 

activity data for GHG inventory, as well results of its production activities by type of products; 

ü 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 within the corporation by individual 

GHG sources or sinks and their categories, as well as results of its production activities by type of 

products; 

ü 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 activity data for GHG inventory in accordance with 

the forms agreed with the Department of Climate Policy and Ozone Layer Protection of MEPR; 

ü Research institutions involved into collection and preliminary processing of data on GHG 

emissions and removals or into development of calculation methods;  

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

ü civic and non-governmental organizations involved in public discussion of inventories; 

ü the Budget Institution çNational Center for GHG Emission Inventoryè, which in coopera-
tion with other actors in the systems, conducts inventory of anthropogenic GHG emissions by sources 

and removals by sinks at the national level; 



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

29 

ü Inter-Agency Commission on implementation of the UNFCCC, which reviews and ap-

proves reporting documents submitted to the UNFCCC Secretariat; 

ü MEPR is the main body in the system of central 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. Within its assigned tasks, the MEPR provides is responsible for inventory of anthropo-

genic GHG emissions by sources and removals by sinks at the national level in order to prepare the 

NIR, as well as approval and submission to the UNFCCC Secretariat of the NIR. As a structural unit 

of the MEPR, the Department of Climate Policy and Ozone Layer Protection is still performing its 

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

Preliminary version of the National Inventory Report and the CRF-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. Simultaneously with uploading of the doc-

ument on the website for free access, requests are sent to independent experts (senior specialists) in 

the field of GHG inventory in order to obtain expert judgements on particular categories, as one of 

the components of QA procedures. 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 version of the NIR ï revised 

and updated with regard to received recommendations ï is submitted for consideration by the Inter-

Agency Commission of Climate Change and Ozone Layer Protection in accordance with Resolution 

of the Cabinet of Ministers of Ukraine of September 23, 2020 of  No. 879. As a result of consideration 

by the Inter-Agency Commission, the MEPR submits the official version of the NIR and CRF tables 

to the UNFCCC Secretariat. 

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

1.9.  

 

 
Fig. 1.9 Generalized diagram of the National Inventory System in Ukraine 

 

 

Capacity building and knowledge exchange 

In the framework of the project Clima East CEEF2015-041-UA "Capacity building of the 

national GHG inventory system in terms of the development of methodological recommendations for 

determining national GHG emission factors from the use of motor fuels in the transport sector" per-

formed by SE çGosavtotransNIIproektè, a science-based platform was developed for the transition to 
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higher levels of GHG emissions calculation in category 1.A.3.b Road Transportation, taking into ac-

count national specific features of fuel use by mobile sources is under formation (ERT Note, çReport 

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 the Institute 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 and off-road transport was also estimated, what has allowed to perform 

GHG emission calculation by Tier 3 method for entire time series for years 1990-2016. 

Scientific research ñDevelopment of Data Base on Energy Statistics of Ukraine for 1990-

2016 and Improvement the Transparency of National Reporting on GHG Emissions in Energy Sectorò 

was accomplished by the Non-governmental organization ñBureau of integrated analysis and fore-

castingò. The work was performed on the contract between the Non-governmental organization ñBu-

reau of integrated analysis and forecastingò and Royal Danish Embassy in Ukraine on behalf of Min-

istry of Energy, Utilities and Climate of The Danish Energy Agency. The research developed a Data 

Base on Energy Statistics of Ukraine for 1990-2016 and Improvement the Transparency of National 

Reporting on GHG Emissions in Energy Sector.  

Within the framework of expert facility project Clima East, supported by EU, two projects 

were accomplished in LULUCF sector: ñImproving reporting system for carbon storage and emis-

sions accounting from harvested wood products (HWP) in the National GHG inventoryò and ñDevel-

opment of the GHG emissions inventory in the forestry sector in order to improve national reporting 

of Ukraine according to the requirements of the UNFCCC and the Kyoto Protocolò.  

The first report aimed in developing recommendations for GHG inventory methodology on 

HWP best suited for Ukrainian conditions. Also recommendations were developed to accommodate 

national statistics into methodology, as well as to the national statistics in order to be more consistent 

with the methodology. 

The second report provided recent scientific approach towards Carbon stock change estima-

tions, developed by International Institute for Applied System Analysis, Austria. The experts made 

pilot calculations based on forest inventory of 2011 year. Moreover, recommendations were devel-

oped on possible alternative approaches of monitoring of GHG emissions and removals in forests, as 

well as to forest policy makers with regard to future forest inventories. 

In order to further improve the National system of anthropogenic GHG emission and remov-

als estimations and according to the Request on the submission of proposals to the prospective plans 

for 2020-2022 from the MEEP, in 2019 the experts of BI çNCIè updated a list of necessary research 

projects (13 items). 

During 2020-2021, BI "NCI" experts took part in meetings of the subsidiary bodies and 

workshops of the Secretariat of the UNFCCC, as well as other conferences and forums, in particular:  

- Regional Workshop On Measurement, Reporting And Verification (MRV), Vienna, Aus-

tria; Copenhagen, Denmark, February 17-19, 2020; 

- Twentieth Meeting of the Technology Executive Committee (TEC) of UNFCCC on-line, 

April 01-03, 2020; 

- Seventeenth meeting of lead reviewers for greenhouse gas inventories, on-line, June 29 ï 

July 03, 2020; 

- Review of GHG Inventory Submissions submitted by Austria and Sweden in 2020 re-

motely, September 21-26, 2020; 

- Twenty First Meeting of the Technology Executive Committee (TEC) of UNFCCC, on-

line, November 17-20, 2020; 

- Ex-Ante Carbon Balance Tool v.9 training, on-line, April 19-23, 2021; 

- Twenty Second Meeting of the Technology Executive Committee (TEC) of UNFCCC, 

on-line, April 20-26, 2021; 

- MayïJune 2021 Climate Change Conference, on-line, May 31 ï June 17, 2021; 

- All -Ukrainian Forum Ukraine 30. Ecology, Kyiv, Ukraine, June 07-09, 2021; 
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- Workshop "Strategies and modalities to scale up implementation of best practices, inno-

vations and technologies that increase resilience and sustainable production in agricultural systems 

according to national circumstances", Glasgow, Scotland, October 28-30, 2021; 

- Twenty-sixth session of the Conference of the Parties to the UNFCCC, Glasgow, Scot-

land, October 31 ï November 11, 2021; 

- Webinar "Proposals preparation for the National Action Plan of the introduction of cli-

mate-friendly technologies", on-line, December 10, 2021; 

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

- Preparatory meeting of the Lead Reviewers under the ETF, on-line, October 6, 2022. 

 

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 part of the inventory process. 

For this purpose, regular checks of transparency, consistency, comparability, completeness 

of data, calculations, measures to identify and eliminate errors, as well as to store inventory infor-

mation are conducted (performed), which represent the QA/QC system. 

The system complies with Tier 1 procedures described in Chapter 6, çQuality Assur-

ance/Quality Control and Verificationè of 2006 IPCC Guidelines, and expanded with a number of 

QA/QC procedures specially designed taking into account sector specifics in accordance with Tier 2. 

For more detailed information on implementation of QC procedures for individual catego-

ries, see the relevant sections of the NIR. 

 

1.2.3.1 QA/QC procedures 
 

In the framework of the National Inventory System, throughout the NIR development 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-

uments ï the general plan of measures for the development of NIR and additional plan for QA/QC. 

More specified information can be found in Chapter 1.3.2 çPlanning and control of activities on 

greenhouse gas inventory and report developmentè. 

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 recommenda-

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 (IS) 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 

CRF tables in all the sectors. In particular, enhancements have been 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 in Fig. 1.10. 
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Fig. 1.10. The quality assurance/control system of the NIR 

 

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

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

¶ Resourcing ï experts, involved in implementation of the QA/QC plan with the QA/QC 

technique available in accordance with distribution of the roles, described in çRoles and Responsibil-

itiesè. 

¶ QA/QC plan, which is maintained by the GHG inventory QA/QC manager, determines the 

specific quality objectives and required activities to ensure QA/QC. The plan sets out quality assur-

ance and control activities, responsibilities, and timing for performance of the necessary QA/QC ac-

tivities. 

¶ QA/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 phases 

of data collection, compilation, public discussion, independent review, and submission of annual 

emission assessment cycle reporting. 

¶ Description of the QA/QC process ï 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: 

ü Transparent regarding data sources, used to perform the estimates, calculation methods 

applied, as well as documentation of QA/QC activity implementation process; 

ü Complete, i.e. they will include all possible emissions/removals, socio-economic indica-

tors and policies, as well as activities for all the required years, gas categories, and scenarios; 

ü Consistent taking into account emission trends for the entire time series and with regard 

to internal consistency of emission data aggregation; 

ü Comparable with other emission estimates provided through use of new reporting tem-

plates, correct level of IPCC categories etc.; 

ü 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:  

ü QA/QC manager supports the QA/QC plan, establishes quality objectives, coordinates 

QA/QC activities, manages data supplies from providers, sectoral experts, and independent experts, 

supports cross-cutting QA/QC activities; 

ü Sectoral experts conduct sector-specific QC activities and report to the QA/QC manager. 

Sectoral experts also must cooperate with data providers and other stakeholders to review estimations 

and conduct QA/QC for data provided; 

ü Outsourced expert consultants are the organizations and individuals who perform QA/QC 

consultancy activities;  

ü External expert reviewers are the organizations and individuals who perform peer reviews 

and provide feedbacks on NIR by specific sectors. 

 

1.2.3.2 Quality control and documentation 
 

QC of the NIR takes place throughout the data collection, compilation, and reporting cycle. 

The data check system used in the NIR is illustrated in Figure 1.11. 
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Figure 1.11. The general scheme of the quality assurance process 

 

Checks and documentations are supported by data storage and processing designed specifi-

cally for NIR compilation, which include: 

Requests to ministries, departments and entities to receive activity data and emis-

sion factors 

Filter No. 1 Check before sending: 
- Information coverage; 

- Correct addressing of the requests; 

- The exact wording of the requests; 

- Units used 

Responses from the ministries, departments and entities, containing activity data 

and emission factors 

Filter No. 2 Check before using the data: 
- Mass balance; 

- Comparison of data from different sources; 

- Comparison with data of previous years; 

- Units 

Require additional 

queries 

Calculations by sector.  

Excel Worksheets 

Filter No. 3 Verification of GHG emission calculations: 
- Cross-checks; 

- Recalculations and visual inspection; 

- Graphs creation; 

- Control of units used; 

- Methodologies consistency; 

- Consistency of the time series; 

- Consistency of activity data by sector; 

- Double counting avoidance 

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

country 

FILTER No. 4 Verification of GHG emission calculations  

in CRF Format:  
- Categories aggregation;  

- Inclusion/exclusion of categories; 

- Recalculations; 

- Completeness of application; 

- Methodology; 

- Used emission factors; 

- General emission trends by sectors; 

- The overall emission trends in the country 

The presentation of CRF-tables and Project of national inventory report for public 

discussion 
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ü External information database, which is part of the data repository, data storage. It con-

tains information about suppliers of activity data, detailed specification requirements for data, includ-

ing templates and data provision procedure, as well as incoming activity data, provided by suppliers 

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. 

ü Individual data processing and QC performance tools that are used to convert the ma-

jority of input data into the corresponding aggregated activity data and, using emission factors, to 

estimate emissions in Ukraine.  

QC procedures may be general with possible broadening to procedures of particular catego-

ries. They include sector-specific checks (e.g. the energy/weight balance, country-specific emission 

factors). 

Data processing tools are electronic spreadsheets that include the information necessary to 

perform QC procedures. 

ü The key information database is used to store all emission estimates for reporting, in-

cluding the CRF format, responses to non-regulated questions, and description of review or recalcu-

lation procedures. This guarantees it that conversion of historical data can be easily traced and sum-

marized in the reports. Most of the data are imported into the database directly from data processing 

tools (the spreadsheets described above). All the key data for each annual NIR are stored in the rele-

vant sections of the repository. 

Archiving.  As part of inventory management, good practice recommends documenting and 

archiving all information required to prepare national GHG inventory estimates in accordance with 

requirements of the 2006 IPCC Guidelines, as well as timely provision of required information re-

quested by the ERT. 

At the end of each annual reporting cycle, all repository files, spreadsheets, regulatory and 

methodological documents, electronic data sources, notification records, paper data sources, output 

files representing all the calculations for complete time series çfreezingè and archiving. Electronic 

data are stored on hard disks, for which backup is performed regularly. Paper information is archived 

in a shelved storage, while the repository stores an electronic record of all archived elements. 

In general QC measures prescribed in the QA/QC plan are based on 2006 IPCC Guidelines 

(Chapter 6, çQuality Assurance/Quality Control and Verificationè, Tab. 6.1) and are described in 

Table 1.1.  

 

Table 1.1 Types of quality control activities 

 Type of control activity 

1.  
Check whether assumptions and criteria for the selection of activity data, emission factors, 

and other estimation parameters were documented 

2.  Check for errors in data input transition and references 

3.  Check the correctness of emissions and removals calculations 

4.  
Check whether parameters and units are correctly recorded and that appropriate conversion 

factors are used 

5.  Check the integrity of database files 

6.  Check for consistency in data between source categories 

7.  Track of inventory data correctness among processing steps 

8.  
Check whether uncertainties in emissions and removals are estimated and calculated cor-

rectly 

9.  Conduct time series consistency check 

10.  Conduct completeness checks 

11.  Conduct trend checks 

12.  Conduct review of internal documentation and archiving 

 

The development of NIR is performed with checks according to the scheme of Fig. 1.12 with 

types of QC activities described in table 1.1. 
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Figure 1.12. Diagram of general development and QC processes 

 

QC procedures were carried out during preparation of the NIR by its developers, involving, 

if necessary, experts from other 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 entity 

responsible for QA/QC inspected general trends, compliance with the methodologies 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 the 

current and simplified methods, etc. 

2) comparison of the results of emission calculation obtained using different approaches (for 

example, comparison of calculations using the çtop downè and çbottom upè approaches in the in the 

categories 1.A.3.a Domestic aviation, 1.D.1.a International aviation in the Energy sector); 

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

4) comparison of national emission factors and 2006 IPCC 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 and time-series 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 absence 

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. 1.13 shows a diagram 

of the process of analyzing check findings, searching for causes 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 (for 

example, checking calculation results in terms of MS ISO 9000 terminology). 

In this diagram, the following aspects are considered: 

- the methodology and results of the calculations are subject to check; 

- check is performed using a specific method; 

- found inconsistency requires further analysis ï it is 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 the calculation results, a search for causes of the detected inconsistencies is initiated; 

- causes of inconsistencies of calculation results can vary, for example, the calculation 

method used may be imperfect, negligence or lack of qualification of the executor. Inconsistency may 

also result from a combination of causes; 

- in the case of proved detection of discrepancies, it makes sense to analyze whether these 

causes have not resulted in other, so far hidden, negative consequences; 

- analysis results form the basis for development of the so-called corrective or preventive 

actions, which, if requiring substantial resources and time to implement them, may results in amend-

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 prep-

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 1.13. The diagram of the check result of analysis process 

 

In case of detection of such discrepancies, the situation should be analyzed and make sure it 

is not due to possible drawbacks in the check methodology. If such drawbacks are observed, it is 

necessary to correct the defective control techniques and to repeat this control operation.  

Emergence of inconsistencies may be random or non-random. The fact that appearance of 

inconsistencies may be non-coincidental 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 similar technological 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 conduct pre-emptive targeted 

search and elimination 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 quality 

control system. 

With consideration of abovementioned, within an advanced quality control technique, re-

sponse to identified inconsistencies may include: 

1) analytical work to search for causes of detected discrepancies and their possible further 

consequences; 

2) development and implementation of measures to eliminate detected nonconformities and 

normalize the process of executing the activities, which in MS ISO 9000 are referred to corrective 
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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 ISO 9000 are referred 

to preventive actions. 

 

1.2.3.3 Quality assurance (validation, verification)  

 

QA procedures provides an independent expert peer review of the level 1 or conducting more 

extensive independent expert review or audits as additional QA procedures corresponding to the level 

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 categories.  

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

ü Secretariat of the Cabinet of Ministers of Ukraine; 

ü Verkhovna Rada Committee for Environmental Policy, Environmental Management;  

ü National Security and Defense Council of Ukraine; 

ü Ministry of Economy of Ukraine; 

ü Ministry of Energy of Ukraine; 

ü Ministry of Health of Ukraine; 

ü Ministry of Foreign Affairs of Ukraine; 

ü Ministry of Finance of Ukraine; 

ü Ministry of Communities, Territories and Infrastructure Development of Ukraine (here-

inafter ï MCTIDU); 

ü Ministry of Education and Science of Ukraine; 

ü State Customs Service; 

ü State Service of Ukraine for Geodesy, Cartography and Cadastre (hereinafter ïStateGeo-

Cadastre); 

ü State Statistics Service of Ukraine; 

ü State Agency on Energy Efficiency and Energy Saving of Ukraine; 

ü State Forest Resources Agency of Ukraine; 

ü National Academy of Sciences of Ukraine (hereinafter ï NASU); 

ü State Water Resources Agency of Ukraine; 

ü State Emergency Service of Ukraine; 

ü Ukrainian Hydrometeorological Institute of National Academy of Sciences and State 

Emergency Service of Ukraine; 

ü Public Organization çBureau of complex analysis and forecasts çBIAFè; 

ü Institute of General Energy of NASU; 

ü State Enterprise ñThe State Road Transport Research Instituteò (hereinafter ï SE 

"DergavtotransNDIproect") of MCTIDU; 

ü State Enterprise çUkrainian Research & Technology Center of Metallurgy Industry çEn-
ergostalè (SE çUkrRTC çEnergostalè); 

ü State Enterprise çCherkassy State Research Institute for technical and economic infor-
mation in chemical industryè; 

ü Institute of Animal biology of National Academy of Agrarian Sciences of Ukraine (here-

inafter ï NAASU); 

ü Institute of Animal Science of NAASU; 

ü Thermal Energy Technology Institute of NASU; 

ü National Scientific Centre çInstitute of Agriculture of the National Academy of Agrarian 

Sciences of Ukraineè;  

ü Ukrainian Order "Sign of Honour" Research Institute of Forestry and Forest Melioration 

named after G.M. Vysotsky (hereinafter ï URIFFM); 

ü Scientific Engineering Centre ñBiomassò Ltd. (hereinafter ï SECB). 
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External review 

Independent external review of the National Inventory Report is generally seen in the frame-

work of Tier 1 Quality Assurance procedures. In preparation of the GHG inventory, external review 

is performed in two stages: 

1) At the first stage, developers come up with a draft of the NIR, which is placed on the 

MEPR website (https://mepr.gov.ua) for 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 comments and suggestions. 

2) At the second stage, after the NIRôs update to consider the comments received during the 

public discussion, specialized research organizations and independent experts in the respective sectors 

are involved for external review of the used activity data, emission 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 addi-

tion to the current version of the NIR, includes Excel sheets with GHG emission and removals. More-

over, the current estimates of emissions by sectors, if possible, are presented and discussed at various 

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. Under development. 

The Energy sector. 

The Industrial processes and product use sector.  

The Agriculture sector. 

The Land Use, Land-Use Change and Forestry sector.  

 

Inter-Agency Commission of Climate Change and Ozone Layer Protection 

The Inter-Agency Commission of Climate Change and Ozone Layer Protection (hereinafter 

ï IAC) was established by Resolution of the Cabinet of Ministers of Ukraine in September 23, 2020 

No. 879 to organize development and coordination of implementation of the national strategy and 

national action plan for implementation of Ukraine's commitments under the UNFCCC and KP, Paris 

Agreement, Vienna Convention for the Protection of the Ozone Layer, Montreal Protocol on Sub-

stances that Deplete the Ozone Layer and etc. 

The key tasks of IAC include the preparation of proposals for the implementation of state 

policy of climate change and ozone layer protection; identification of ways and mechanisms of solv-

ing problematic, issues that aroused during the implementation of state policy of climate change and 

ozone layer protection; etc. 

In accordance with the assigned tasks, the Commission carries out work organization and 

proposals consideration for implementation of climate change and ozone layer protection issues of 

state policy; coordination of central executive institutions, regarding development of the project plans 

and national targeted programs for adaptation to climate change; consideration of reporting and other 

documents to be submitted to the UNFCCC Secretariat, Ozone Secretariat (Secretariat for the Vienna 

Convention for the Protection 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 in September 23, 2020 No. 879 the IAC includes Chairman of the Commission, First Deputy 

Chairman of the Commission, Deputy Chairman of the Commission, Secretary of the Commission 

and other Commission members. The Cabinet of Ministers of Ukraine approves the Commission 

Staff. The Chairman of the Commission approves its personnel and make necessary changes to it. 

The IAC shall include:  

- Ministry of Environmental Protection and Natural Resources ï Chairman of the Commis-

sion; 

- Deputy Minister for Development of Economy, Trade and Agriculture of Ukraine ï First 

deputy Chairman of the Commission; 

- Deputy Minister of Environmental Protection and Natural Resources for European Integra-

tion ï Deputy Chairman of the Commission; 

- head of the profile structural unit of the MEPR ï Secretary of the Commission; 

(https:/mepr.gov.ua)
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- Deputy Minister of health of Ukraine; 

- Deputy Minister of Foreign Affairs of Ukraine;  

- Deputy Minister of Finance of Ukraine; 

- Deputy Minister of Infrastructure of Ukraine; 

- Deputy Minister of Education and Science of Ukraine; 

- Deputy Minister for Communities and Territories Development of Ukraine; 

- Deputy Minister of Energy of Ukraine for European Integration; 

- Deputy Chairman of the State Customs Service; 

- Deputy Chairman of the State Service of 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 

- 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 of 

public discussion. The NIR submits to the IAC for its final approval. Based on the decision adopted 

by the IAC, the MEPR submits the official NIR and CRF 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-XII çAbout 

the State Statisticsè, spreading of information on the basis of which it is possible to figure out confi-

dential information about an individual respondent, as well as any information that allows to indirectly 

identify confidential information about an individual respondent is prohibited. Therefore, some sta-

tistical data on goods produced at fewer than three companies, as well as data on GHG emissions in 

production of various 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 of 

most types of these products in Ukraine leads to precursors emissions or negligible GHG emissions. 

The categories that include production of these types of products are not key ones and are in the sector 

IPPU (CRF Sector 2), therefore, for estimating emissions in these categories, mostly default emission 

factors are used. 

To reflect GHG emissions in categories for which activity data is considered as confidential 

information, the following methods were used in preparation of the inventory: 

ü merging of emissions as categories belonging to the same group (for example, combining 

emissions of CO2 from production of calcium carbide and silicon carbide, combining emissions in 

the category 2.B.8 Petrochemical and Carbon Black Production;  

ü using information obtained from public sources; 

ü using information obtained directly from enterprises; 

ü using estimated activity data; 

ü 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 emissions 

are merged in only two cases: 

ü in production of calcium carbide and silicon carbide (data on CO2 emissions data are pre-

sented in category 2.B.5 Carbide Production); 

ü in production of ethylene, polystyrene, propylene, polyethylene, and polypropylene in 

category 2.B.8 Petrochemical and Carbon Black Production; 
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ü in production of aluminium in category 2.C.3 Aluminium production; 

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

During the technical review of the National Inventory Report, Ukraine presents data on ac-

tivities, emission factors and GHG emissions in the categories that Ukraine considers as confidential 

information in accordance with the procedure referred to in the Code of Practice for the Treatment of 

Confidential Information in the Technical Review of Greenhouse Gas Inventories of Parties to Annex 

I of the Convention (Annex II 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, 2020 No. 425 çSome Issues of Optimization of the System 

of Central Executive Government Bodiesè, the decision was made to create MEPR. 

According to par. 1 and subparagraphs 3.1, 3.2, 4.57-4.62 of Resolution of the Cabinet of 

Ministers of Ukraine of June, 25, 2020 No. 614 çSome issues of Ministry of Environmental Protection 

and Natural Resources of Ukraineè, the central executive body responsible for preparation, approval, 

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 the 

MEPR, which is guided and coordinated by the Cabinet of Ministers of Ukraine.  One of the structural 

units of the MEPR is the Department of Climate Policy and Ozone Layer Protection, the MEPR of 

July 08, 2020 (subsequently, of August 29, 2022), which has been assigned as responsible for the 

preparation of the National inventory of anthropogenic GHG emissions and removals. 

Moreover, within its assigned tasks, the MEPR is responsible for inventory of anthropogenic 

GHG emissions by sources and removals by sinks at the national level in order to prepare the NIR, as 

well as its approval and submission to the UNFCCC Secretariat. 

 

1.3 Inventory preparation  

 

1.3.1 The basic stages of the inventory   

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

1. Determining information needs to comply with the methodological requirements stipu-

lated by 2006 IPCC Guidelines for National Greenhouse Gas Inventories. 

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

respondence, telephone, and e-mail. 

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

perts. 

4. Preparation and sending special queries and follow-up work 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 in 

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 receiving consultations 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 I to the Convention, Part I: UNFCCC guidelines for reporting annual greenhouse 

gas inventories" (FCCC/CP/2013/10/Add.3). 
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11. Upload of the draft National 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. 

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 is a dynamic 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 prepa-

ration process 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 2023 is covered in internal use documents based on typical 

annual inventory preparation plans and inventory QA and QC activities, namely: 

1) 2022-2023 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 1990-2021 (submitted in 2023); 

2) 2021-2023 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 1990-2021 (submitted in 2023). 

These documents have framework feature, being designed to serve for high-level project 

management, and is presented in the form of a consolidated schedule, which allows you to include 

the desired combination of the three types of works: 

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

- control work on checks on compliance between the processes 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. 

 

1.4 Brief general description of methodologies and data sources used 
 

A detailed description of methodological approaches that were used for estimating GHG 

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

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

of emissions in key categories were determined mostly using second-level approaches. 

Table 1.2 presents generalized information about assessment methods for estimation of GHG 

emissions and removals in this inventory. 
 

Table 1.2. Generalized information about assessment methods for estimation of GHG emis-

sions and removals 

C
R

F
 c

a
te

-

g
o

ry
 

Name of the emission category Comment on the method applied 

1.ɸ Fuel Combustion Activities ʊ1, ʊ2, ʊ3 

1.ɸ.1 Energy Industries ʊ1, ʊ2, ʊ3 

1.ɸ.2 Manufacturing Industries and Construction ʊ1, ʊ2 

1.ɸ.3 Transport ʊ1, ʊ2, ʊ3 
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C
R

F
 c

a
te

-

g
o

ry
 

Name of the emission category Comment on the method applied 

1.ɸ.4 Other sectors ʊ1, ʊ2 

1.ɸ.5 Other (not elsewhere specified) ʊ1 

1.B Fugitive Emissions from Fuels CS, ʊ1, ʊ2, ʊ3 

1.B.1 Solid Fuels CS, ʊ1, ʊ2, ʊ3 

1.B.2 Oil and natural gas and other emissions from energy production ʊ1, ʊ2 

1.ʉ CO2 Transport and storage The category is not calculated 

2.ɸ Mineral industry ʊ1, ʊ2, ʊ3 

2.ɺ Chemical Industry ʊ1, ʊ2, ʊ3, EMEP/EEA 

2.ʉ Metal Industry ʊ1, ʊ3, EMEP/EEA 

2.D Non-energy products from fuels and solvent use ʊ1, EMEP/EEA 

2.E Electronics industry The category is not calculated 

2.F Product uses as substitutes for ODS T1a, T1, T2 

2.G Other product manufacture and use CS, T2,T3 

2.H Other EMEP/EEA 

3.ɸ Enteric Fermentation ʊ1, ʊ2  

3.ɺ Manure management CS, ʊ1, ʊ2 

3.C Rice Cultivation ʊ1 

3.D Agricultural Soils CS, ʊ1, ʊ2 

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 ʊ1 

3.H Urea Application ʊ1 

4.ɸ Forest Land CS, ʊ1, ʊ2 

4.ɺ Cropland CS, ʊ1, T3 

4.ʉ Grassland CS, ʊ1, T3 
4.D Wetlands ʊ1 
4.E Settlements ʊ1 
4.F Other Land ʊ1 
4.G Harvested Wood Products ʊ1 

4.H Other The category is not calculated 

5.ɸ Solid waste disposal ʊ3 
5.ɺ Biological Treatment of Solid Waste ʊ1 
5.ʉ Incineration and open burning of waste ʊ1, ʊ2 
5.D Wastewater Treatment and Discharge CS, ʊ1, ʊ2 
5.ɽ Other The category is not calculated 

Legend: 

T1, T2, T3 ï Tiers 1, 2, and 3, respectively, according to 2006 IPCC 

M ï model-based methodology 

CS ï national methodology 

EMEP/CORINAIR ï methodology for GHG inventory 

 

* The Burning of agricultural residues in Ukraine is prohibited under the Code of Administrative Offenses (Art. 77-1) and the 

Law of Ukraine On Air Protection (Art. 16, 22). Fires that occur in agricultural areas are defined as natural fires (wild fires). 

Therefore, the emissions from them accounted for in LULUCF. 

 

Table 1.3 indicates the key sources of information from which activity data for calculation 

of GHG emissions and removals was obtained. 

 

Table 1.3. Summary of the key sources of activity 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 households 

by regions. 

Consumption of feed by cows, gender and bulls, and other cattle in agricultural enterprises 

and households in Ukraine by regions. 

Milk yield of cows and sheep. 

Amount of wool produced per sheep. 

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

Amount of nitrogen and organic fertilizers applied into the soil in Ukraine by regions. 

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. 1 ï waste "Waste Management" (amount of 1st - 4th class 

of hazard waste, including industrial organic waste at solid municipal waste landfills). 

Average annual consumption of food products by population of Ukraine. 

Mʽnʽstry of Energy of Ukraine Information about the coal industry of Ukraine. 

Information about the oil and gas system of Ukraine. 

Information on methane recovery from landfills. 

Information on the morphology and density of waste.  

Information on household wastewater. 

Information on the volumes of activities performed during the period starting from 1990, 

which falls under the activities of paragraphs 3 and 4, Article 3 of Kyoto Protocol. 

State Customs Service Imports and exports of products containing hydrofluorocarbons, perfluorocarbons and 

sulfur hexafluoride. 

State Institution ñCenter of medical sta-

tistics of Ministry of health of Ukraineò 

Information on the number of surgeries performed in Ukraine. 

Ministry of Defense of Ukraine Information on fuel consumption for the needs of the Ministry of Defense. 

Information on the volumes of activities performed during the period starting from 1990, 

which falls under the activities of paragraphs 3 and 4, Article 3 of Kyoto Protocol. 

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

JSC ñNaftogaz of Ukraineò  Information about the oil and gas system of Ukraine. 

Ukrainian State Air Traffic Services 

Enterprise (SE ñUkraeroruhò) 

Aircraft departures information (database). 

Industrial enterprises Data of mineral, chemical and metallurgy, cement, ceramics, glass production, as well as 

data on use of hydrofluorocarbons, perfluorocarbons and sulfur hexafluoride. 

Ministry of Communities, Territories 

and Infrastructure Development of 

Ukraine 

Statistical reporting form No.1-TPV ñReport on Solid Waste Managementò. 

Information on the implementation of modern methods and technologies in the field of 

household waste management in Ukraine. 

Information on the volumes of activities performed during the period starting from 1990, 

which falls under the activities of paragraphs 3 and 4, Article 3 of Kyoto Protocol. 

State Water Resources Agency of 

Ukraine 

Statistical form No. 2-TP ñReport on Water Useò (data on volumes of treated household 

and industrial wastewater). 

Data on the area of cultivated peat soils. 

State Service of Ukraine for Geodesy, 

Cartography and Cadastre of Ukraine 

Information on areas of land use. 

State Forest Resources Agency of 

Ukraine 

Information on the volumes of activities performed during the period starting from 1990, 

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 State For-

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 household 

farms, grouping of agricultural enterprises based on the livestock, feed consumption in 

agricultural enterprises and household farms. 

Information about technical parameters of existing Municipal Solid Waste landfills and 

the amount of Municipal Solid Waste deposited. 

Information about thermal disposal of medical waste.. 

Regional Departments of the State 

Emergency Service of Ukraine 

Information about the number of fires on agricultural crops by regions. 

Institute of Public Administration and 

Research in Civil Protection 

Data on fire areas on grasslands and non-forest wetlands. 

State Enterprise çAgency of Animal 

Identification and Registrationè 

Data on the livestock of rams and wethers in the sheep herd structure by agricultural 

enterprises and household farms. 

State Agency of Ukraine on the Exclu-

sion Zone Management 

Data on forest land in the exclusion zone. 

Information on the volumes of activities performed during the period starting from 1990, 

which falls under the activities of paragraphs 3 and 4, Article 3 of Kyoto Protocol. 

Ukrainian State-owned Project Forestry 

Production Association 

çUKRDERZHLISPROEKTè 

Information about forests in the forests of the State Forest Resources Agency of Ukraine 

and some other forest users. 

Companies for methane recovery at the 

landfills 

Data on the methane recovery at the MSW landfills. 

 

1.5 Brief description of key categories 

 
In accordance with the requirements of the 2006 IPCC Guidelines, key categories analysis 

was performed. The assessment is based on Tier 1 approach, which includes analysis of the emission 



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

46 

level and trends. The results of key category analysis for 2019 with and without the LULUCF sector 

are presented in Tables 1.4 and 1.5, respectively. A detailed analysis of the key categories is presented 

in Annex 1. 

 

Table 1.4. Key category analysis, excluding LULUCF sector (2021) 
IPCC source category Gas Level Trend 

1.A.1 Fuel combustion - Energy Industries - Gaseous Fuels CO2 + + 

1.A.1 Fuel combustion - Energy Industries - Liquid Fuels CO2  + 

1.A.1 Fuel combustion - Energy Industries - Other Fossil Fuels CO2 + + 

1.A.1 Fuel combustion - Energy Industries - Solid Fuels CO2 + + 

1.A.2 Fuel combustion - Manufacturing Industries and Construction - Gaseous Fuels CO2 + + 

1.A.2 Fuel combustion - Manufacturing Industries and Construction - Liquid Fuels CO2  + 

1.A.2 Fuel combustion - Manufacturing Industries and Construction - Solid Fuels CO2 + + 

1.A.3.b Road Transportation CO2 + + 

1.A.3.d Domestic Navigation - Liquid Fuels CO2  + 

1.A.3.e Other Transportation CO2 + + 

1.A.4 Other Sectors - Gaseous Fuels CO2 + + 

1.A.4 Other Sectors - Liquid Fuels CO2  + 

1.A.4 Other Sectors - Solid Fuels CO2  + 

1.B.1 Fugitive emissions from Solid Fuels CH4 + + 

1.B.2.b Fugitive Emissions from Oil and Natural Gas - Natural Gas CO2 +  

1.B.2.b Fugitive Emissions from Oil and Natural Gas - Natural Gas CH4 + + 

2.A.1 Cement Production CO2 + + 

2.A.2 Lime Production CO2 +  

2.B.1 Ammonia Production CO2 +  

2.B.2 Nitric Acid Production N2O +  

2.B.8 Petrochemical and Carbon Black Production CH4 + + 

2.C.1 Iron and Steel Production CO2 + + 

2.C.2 Ferroalloys Production CO2 +  

2.F.1 Refrigeration and Air conditioning HFC  + 

3.A Enteric Fermentation CH4 + + 

3.D.1 Direct N2O Emissions From Managed Soils N2O + + 

3.D.2 Indirect N2O Emissions From Managed Soils N2O + + 

5.A Solid Waste Disposal CH4 + + 

5.D Wastewater Treatment and Discharge CH4 + + 

 

Table 1.5. Key category analysis, including LULUCF sector (2021) 
IPCC source category Gas Level Trend 

1.A.1 Fuel combustion - Energy Industries - Gaseous Fuels CO2 + + 

1.A.1 Fuel combustion - Energy Industries - Liquid Fuels CO2  + 

1.A.1 Fuel combustion - Energy Industries - Other Fossil Fuels CO2 + + 

1.A.1 Fuel combustion - Energy Industries - Solid Fuels CO2 + + 

1.A.2 Fuel combustion - Manufacturing Industries and Construction - Gaseous Fuels CO2 + + 

1.A.2 Fuel combustion - Manufacturing Industries and Construction - Liquid Fuels CO2  + 

1.A.2 Fuel combustion - Manufacturing Industries and Construction - Solid Fuels CO2 + + 

1.A.3.b Road Transportation CO2 + + 

1.A.3.e Other Transportation CO2 + + 

1.A.4 Other Sectors - Gaseous Fuels CO2 + + 

1.A.4 Other Sectors - Liquid Fuels CO2  + 

1.A.4 Other Sectors - Solid Fuels CO2  + 

1.B.1 Fugitive emissions from Solid Fuels CH4 + + 

1.B.2.b Fugitive Emissions from Oil and Natural Gas - Natural Gas CO2 +  

1.B.2.b Fugitive Emissions from Oil and Natural Gas - Natural Gas CH4 + + 

2.A.1 Cement Production CO2 +  

2.A.2 Lime Production CO2 +  

2.B.1 Ammonia Production CO2 +  

2.B.2 Nitric Acid Production N2O +  

2.B.8 Petrochemical and Carbon Black Production CH4 + + 

2.C.1 Iron and Steel Production CO2 + + 
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IPCC source category Gas Level Trend 

2.C.2 Ferroalloys Production CO2 +  

2.F.1 Refrigeration and Air conditioning HFC  + 

3.A Enteric Fermentation CH4 + + 

3.D.1 Direct N2O Emissions From Managed Soils N2O + + 

3.D.2 Indirect N2O Emissions From Managed Soils N2O + + 

4.A.1 Forest Land Remaining Forest Land CO2 + + 

4.B.1 Cropland Remaining Cropland CO2 + + 

4.C.1 Grassland Remaining Grassland CO2  + 

4.D.1.1 Peat Extraction Remaining Peat Extraction CO2  + 

4.E.2 Land Converted to Settlements CO2  + 

4.G Harvested Wood Products CO2 +  

5.A Solid Waste Disposal CH4 + + 

5.D Wastewater Treatment and Discharge CH4 + + 

 

1.6 Evaluation of the total uncertainty of the National Inventory Report, includ-

ing data on the overall uncertainty for the entire inventory  
 

Under development. 

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

Guidelines. 

The results indicate that the net emissions in 1990 year including the sector Land use, land-

use change and forestry (LULUCF) is 911401.13 kt CO2 equivalent with an uncertainty of 4.44 %;  

excluding the LULUCF sector ï 942807.63kt CO2 equivalent with an uncertainty of 3.71 %. 

The results indicate that the net emissions in 2021 year including the sector Land use, land-

use change and forestry (LULUCF) is 341511.54 kt CO2 equivalent with an uncertainty of 16.21 %;  

excluding the LULUCF sector ï 327281.18 kt CO2 equivalent with an uncertainty of 9.11 %. 

Based on totals of years 1990 and 2021, the average trend including the LULUCF sector is 

62.53 % reduction of emissions; excluding the LULUCF sector ï 65.29 % reduction of emissions. 

The uncertainty of the trend including the LULUCF sector is 5.79 %; excluding the LULUCF sector 

ï 2.62 %. 

For more detailed information see Tables A7.1-A7.2 of Annex 7. Uncertainty analysis for 

the base 1990 year see Tables A7.3-A7.4 of Annex 7 too. 

Summary data characterizing the uncertainty with the inventory by sector is shown below, 

in Tables 1.7 and 1.8 respectively. 

 

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

Sector 

Share in total 

emissions for 

1990, % 

Share in total 

emissions for 

2021, % 

The percentage un-

certainties of the 

emissions for 1990, % 

The percentage un-

certainties of the 

emissions for 2021, % 

Energy 79.58 61.42 2.45 4.22 

Industrial processes and 

product use 
12.97 17.09 0.53 0.85 

Agriculture  9.53 13.77 2.84 7.46 

LULUCF  -3.45 4.17 2.24 13.65 

Waste 1.37 3.56 0.63 1.42 

 

Table 1.8. The uncertainty of the inventory by main sectors (excluding LULUCF) 

Sector 

Share in total 

emissions for 

1990, % 

Share in total 

emissions for 

2021, % 

The percentage un-

certainties of the 

emissions for 1990, % 

The percentage un-

certainties of the 

emissions for 2021, % 

Energy 76.93 64.09 2.37 4.41 

Industrial processes and 

product use 
12.54 17.83 0.51 0.89 

Agriculture  9.21 14.37 2.74 7.79 

Waste 1.32 3.72 0.61 1.48 
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The lowest percentage of emissions uncertainty in 2021 year is observed in the Industrial 

processes and product use sector. 

 

1.7 General assessment of completeness  

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

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

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

gories, are: 

ü Methodology absence (NE):  

¶ when calculating emissions of carbon dioxide (CO2) in the categories ï 1.B.1.a.1.ii Post-Mining 

Activities, 1.B.1.a.2.i Mining Activities, 1.B.1.a.2.ii Post-Mining Activities, 1.B.2.a.4 Refining 

/ Storage, 1.B.2.a.5 Distribution of Oil Products, 3. Sectors/Totals Agriculture Indirect emis-

sions, 3.G.2 Dolomite CaMg(CO3)2, 5.C.2.1.a Municipal Solid Waste, 5.C.2.1.b Other (please 

specify), 5.C.2.2.a Municipal Solid Waste, 5.C.2.2.b Other (please specify); 

¶ when calculating emissions of methane (CH4) in the categories ï 1.B.2.a.5 Distribution of Oil 

Products, 2.ɺ.1 Ammonia Production, 2.ɺ.5.b Calcium Carbide, 4.A Forest Land/4(II)  Emis-

sions and removals from drainage and rewetting and other management of organic and mineral 

soils/Total Organic Soils/Drained Organic Soils, 4.B Cropland/4(II)  Emissions and removals 

from drainage and rewetting and other management of organic and mineral soils/Total Organic 

Soils/Drained Organic Soils, 4.C Grassland/4(II)  Emissions and removals from drainage and 

rewetting and other management of organic and mineral soils/Total Organic Soils/Drained Or-

ganic Soils, 5.C.2.1.a Municipal Solid Waste, 5.C.2.1.b Other (please specify), 5.C.2.2.a Mu-

nicipal Solid Waste, 5.C.2.2.b Other (please specify); 

¶ when calculating emissions of nitrous oxide (N2O) in the categories ï 1.B.2.a.4 Refining / Stor-

age, 3.ɺ.2.5 Indirect N2O Emissions, 3.D.1.2.b Sewage Sludge Applied to Soils, 4.A.2.3 Wet-

lands converted to forest land, 4.D.1 Wetlands Remaining Wet-lands/4(V) Biomass Burn-

ing/Wildfires, 5.C.2.1.a Municipal Solid Waste, 5.C.2.1.b Other (please specify), 5.C.2.2.a Mu-

nicipal Solid Waste, 5.C.2.2.b Other (please specify); 

¶ when calculating emissions of non-methane volatile organic compound (NMVOC) in the cat-

egory 5.ʉ.1 Waste incineration; 

¶ when calculating emissions of nitrogen oxides (NOʭ) in the category 5.ʉ.1 Waste incineration; 

¶ when calculating emissions of sulphur dioxide (SO2) in the category ï 5.ʉ.1 Waste incineration; 

¶ when calculating emissions of ʩarbon monoxide (ʉʆ) in the category 5.ʉ.1 Waste incineration. 

ü Included elsewhere (IE): 

¶ when calculating emissions of carbon dioxide (CO2) in the categories ï 1.ɸ.3.b.ʽʽ Light duty 

trucks (gasoline, diesel ʦil, liquefied petroleum gases, other liquid fuels, biomass, kerosene, 

lubricants), 1.ɸ.3.b.ʽʽi Heavy duty trucks and buses (gasoline, diesel ʦil, liquefied petroleum 

gases, other liquid fuels, biomass, kerosene, lubricants), 1.ɸ.3.b.ʽv Motorcycles (gasoline, die-

sel ʦil, liquefied petroleum gases, other liquid fuels, biomass, kerosene), 1.ɸ.4.c.ʽʽ Off-road 

vehicles and other machinery (gasoline, diesel ʦil, liquefied petroleum gases, gaseous fuels, 

biomass), 1.ɸ.4.c.ʽʽi Fishing (residual fuel oil, diesel ʦil, gasoline, gaseous fuels, biomass), 

1.B.2.ʩ.1.ii Gas, 1.B.2.ʩ.1.iii Combined, 1.B.2.ʩ.2.iii Combined, 1.AA Fuel Combustion - Sec-

toral approach / Information item / (Biomass, Fossil fuels), 1.AD Feedstocks, reductants and 

other non-energy use of fuels / Liquid fuels / Naphtha, 2.ɺ.5.ʘ Silicon carbide, 2.ʉ.1.d Sinter, 

2.ʉ.1.e Pellet, 4.ɸ Forest Land / 4(II)  Emissions and removals from drainage and rewetting 

and other management of organic and mineral soils/Total Organic Soils/Drained Organic Soils, 

4.ɺ Cropland / 4(II)  Emissions and removals from drainage and rewetting and other manage-

ment of organic and mineral soils/Total Organic Soils/Drained Organic Soils, 4.ɺ.2 Land Con-

verted to Cropland/4(V) Biomass Burning/Wildfires, 4.ʉ Grassland/4(II) Emissions and remov-

als from drainage and rewetting and other management of organic and mineral soils/Total Or-

ganic Soils/Drained Organic Soils, 4.D Wetlands/4(II) Emissions and removals from drainage 
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and rewetting and other management of organic and mineral soils/Peat Extraction Lands/Total 

Organic Soils/Drained, 4.D.2 Land Converted to Wetlands/4(V) Biomass Burning/Wildfires; 

¶ when calculating emissions of methane (CH4) in the categories ï1.ɸ.3.b.ʽʽ Light duty trucks 

(gasoline, diesel ʦil, liquefied petroleum gases, other liquid fuels, biomass, kerosene, lubri-

cants), 1.ɸ.3.b.ʽʽi Heavy duty trucks and buses (biomass, gasoline, diesel ʦil, liquefied petro-

leum gases, other liquid fuels, kerosene, lubricants), 1.ɸ.3.b.ʽv Motorcycles (gasoline, diesel 

ʦil, liquefied petroleum gases, other liquid fuels, biomass, kerosene), 1.ɸ.4.c.ʽʽ Off-road vehi-

cles and other machinery (gasoline, diesel ʦil, liquefied petroleum gases, gaseous fuels, bio-

mass), 1.ɸ.4.c.ʽʽi Fishing (residual fuel oil, diesel ʦil, gasoline, gaseous fuels, biomass), 1.AA 

Fuel Combustion - Sectoral approach / Information item / (Biomass, Fossil fuels), 1.B.2.ʩ.1.ii 

Gas, 1.B.2.ʩ.1.iii Combined, 1.B.2.ʩ.2.iii Combined, 4.ɺ.2 Land Converted to Cropland/4(V) 

Biomass Burning/Wildfires, 4.ʉ.2 Land Converted to Grassland/4(V) Biomass Burning/Wild-

fires, 4.D.2 Land Converted to Wetlands/4(V) Biomass Burning/Wildfires; 

¶ when calculating emissions of nitrous oxide (N2O) in the categories ï 1.ɸ.3.b.ʽʽ Light duty 

trucks (gasoline, diesel ʦil, liquefied petroleum gases, other liquid fuels, biomass, kerosene, 

lubricants), 1.ɸ.3.b.ʽʽi Heavy duty trucks and buses (gasoline, diesel ʦil, liquefied petroleum 

gases, other liquid fuels, biomass, kerosene, lubricants), 1.ɸ.3.b.ʽv Motorcycles (gasoline, die-

sel ʦil, liquefied petroleum gases, other liquid fuels, biomass, kerosene), 1.ɸ.4.c.ʽʽ Off-road 

vehicles and other machinery (gasoline, diesel ʦil, liquefied petroleum gases, gaseous fuels, 

biomass), 1.ɸ.4.c.ʽʽi Fishing (residual fuel oil, diesel ʦil, gasoline, gaseous fuels, biomass), 

1.AA Fuel Combustion - Sectoral approach / Information item / (Biomass, Fossil fuels), 

1.ɺ.2.ʩ.2.ʽʽʽ Combined, 3.B.2 N2O and NMVOC Emissions (Pasture, Range, and Paddock), 

4.ɺ.2 Land Converted to Cropland/4(V) Biomass Burning/Wildfires, 4.ʉ.2 Land Converted to 

Grassland/4(V) Biomass Burning/Wildfires, 4.D.2 Land Converted to Wet-lands/4(V) Biomass 

Burning/Wildfires. 

More detailed information is given in table 1 of Annex 5.1. 

According to the classification of notation keys given in the UNFCCC reporting guidelines 

on annual GHG inventories*: 

ü NO (Not occurring) for activities or processes, which within a country do not occur; 

ü NE (Not estimated) for possible GHG emissions by sources and removals by sinks, in 

respect of which the assessment was not carried out; 

ü NA (Not applicable) for activities in a particular category of source/sink, which does not 

lead to emissions or removals of a specific gas; 

ü IE (Included elsewhere) for 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 I to the Convention, part I: Guidelines of the UNFCCC for 

the submission of reports on annual inventories, FCCC/CP/2002/8  
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2 TRENDS IN GREENHOUSE GAS EMISSIONS 
 

2.1 Trends in total greenhouse gas emissions by gas 
 

Dynamics of GHG emissions demonstrate the trend, which may be considered in several 

phases over the period of 1990-2019. During the first phase (1990-1999), a catastrophic decline in 

GDP and reduction in energy consumption were observed, which led to a decrease in GHG emissions. 

In the second phase (2000-2007), 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 emissions 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 (2008-2013), GHG emissions depended on the factor of the global 

financial crisis (2008-2009), which largely affected production volumes in key export-oriented sec-

tors: metallurgy, chemical, machine building, which, in turn, affected other sectors - power generation 

and mining. In 2014 GHG emissions sharply declined - by about 12 % compared with 2013 with 

continued trend of decline in 2015 by 13 % compared with 2014. Among the key factors of the sharp 

drop should be mentioned a occupation and attempted annexation of Crimea and armed aggression 

by the Russian Federation, what led to a considerable reduction in industrial production, and, as a 

consequence, reduction in energy consumption3. That also led to interruption of supply and trade 

connections of industries on temporary occupied by the Russian Federation territory of Ukraine with 

industries of other regions in the country. 

Emissions in 2020 was impacted mostly by COVID-19 pandemic and the consequences of 

restrictions against spread of disease and lower yields of agricultural crops. For example, emissions 

from transport, which was severely impacted by anti-COVID-19 measures, have fallen by 16 % com-

pared to 2019. Lower yields of agricultural crops together with higher mineral fertilizers application 

in 2020 resulted in rapid decline of GHG emissions in Cropland category by 45 % compared 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 8.5 % compared with 2020. 

Table 2.1 and Fig. 2.1 show a histogram of total emissions of carbon dioxide, methane, and 

nitrous oxide in Ukraine, including LULUCF sector. The share of PFCs, HFCs, the SF6 and NF3 in 

total emissions amounted to 0.6% in 2021, and NF3 emissions in Ukraine do not occur. 

 

 
Fig. 2.1. GHG emissions in Ukraine (including LULUCF), Mt CO2-eq. 

 
3 On 18 January 2018, the Parliament of Ukraine adopted the law ñOn the peculiarities of State policy on ensuring 

Ukraineôs State sovereignty over temporarily occupied territories in Donetsk and Luhansk regionsò, which defines the 

legal status of certain areas of the Donetsk and Luhansk regions as temporarily occupied territories of Ukraine 
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Table 2.1. Dynamics of total greenhouse gas emissions in Ukraine (Mt CO2-eq.) 

 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

CO2 emissions without net CO2 from LU-

LUCF 
706.2 632.9 589.3 510.3 419.5 390.1 351.8 340.5 328.8 298.6 285.7 303.9 295.9 

CO2 emissions with net CO2 from LULUCF  674.6 593.1 549.7 477.2 382.2 357.6 323.7 317.8 300.4 267.2 262.5 286.2 280.8 

CH4 emissions without CH4 from LULUCF  182.9 175.0 167.1 158.7 149.3 139.0 135.1 129.7 126.0 127.3 118.3 116.9 109.4 

CH4 emissions with CH4 from LULUCF  182.9 175.1 167.2 158.7 149.3 139.1 135.1 129.8 126.1 127.3 118.3 116.9 109.4 

N2O emissions without N2O from LULUCF  53.4 48.3 44.7 41.9 36.0 32.8 28.5 29.2 25.9 23.8 23.8 25.1 25.5 

N2O emissions with N2O from LULUCF  53.6 48.5 44.9 42.1 36.2 33.1 28.7 29.5 26.2 24.1 24.1 25.4 25.8 

HFCs* NO NO NO NO NO NO NO 6.43 13.02 14.14 15.73 29.05 64.27 

PFCs* 235.82 188.20 142.35 143.57 161.22 178.06 143.24 146.99 120.64 101.81 115.74 112.08 98.66 

SF6*  0.01 0.02 0.03 0.06 0.06 0.07 0.07 0.13 0.19 0.31 0.42 0.46 1.07 

NF3*  NO NO NO NO NO NO NO NO NO NO NO NO NO 

Total (without LULUCF)  942.8 856.4 801.3 711.1 604.9 562.1 515.4 499.6 480.9 449.8 427.9 446.0 431.0 

Total (with LULUCF)  911.4 816.8 762.0 678.3 567.9 530.0 487.7 477.2 452.8 418.8 405.0 428.6 416.2 

Total (without LULUCF, with indirect)  942.8 856.4 801.3 711.1 604.9 562.1 515.4 499.6 480.9 449.8 427.9 446.0 431.0 

Total (with LULUCF, with indirect)  911.4 816.8 762.0 678.3 567.9 530.0 487.7 477.2 452.8 418.8 405.0 428.6 416.2 

Net ʉʆ2 from LULUCF  -31.4 -39.6 -39.3 -32.8 -37.0 -32.1 -27.7 -22.5 -28.1 -31.0 -22.9 -17.4 -14.8 

 

 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

CO2 emissions without net CO2 from LU-

LUCF 
307.2 310.6 313.5 333.1 336.8 326.0 277.6 294.4 308.4 304.4 297.5 257.6 223.8 

CO2 emissions with net CO2 from LULUCF  285.7 300.7 304.3 320.7 322.3 326.5 272.5 285.1 316.8 309.2 316.3 277.5 243.3 

CH4 emissions without CH4 from LULUCF  110.0 106.9 102.8 100.5 100.3 93.5 85.4 84.8 86.2 80.7 75.5 69.0 61.6 

CH4 emissions with CH4 from LULUCF  110.1 106.9 102.8 100.5 100.4 93.6 85.5 84.9 86.3 80.7 75.5 69.0 61.6 

N2O emissions without N2O from LULUCF  22.8 25.3 25.6 26.0 25.6 30.8 26.8 27.4 33.3 31.9 35.4 35.3 33.0 

N2O emissions with N2O from LULUCF  23.1 25.6 25.9 26.3 26.0 31.1 27.1 27.6 33.5 32.1 35.6 35.5 33.2 

HFCs* 105.20 187.26 285.07 402.28 561.13 647.25 663.76 743.86 823.17 844.29 891.71 869.10 801.65 

PFCs* 77.15 93.34 142.33 111.16 154.71 174.24 53.95 26.67 NO NO NO NO NO 

SF6*  1.99 3.08 4.47 4.27 5.20 9.34 9.37 9.71 8.42 10.99 12.54 16.73 19.64 

NF3*  NO NO NO NO NO NO NO NO NO NO NO NO NO 

Total (without LULUCF)  440.3 443.1 442.4 460.0 463.4 451.2 390.5 407.4 428.8 417.8 409.3 362.8 319.2 

Total (with LULUCF)  419.1 433.6 433.5 448.0 449.4 452.0 385.8 398.4 437.4 422.9 428.2 382.9 338.9 

Total (without LULUCF, with indirect)  440.3 443.1 442.4 460.0 463.4 451.2 390.5 407.4 428.8 417.8 409.3 362.8 319.2 

Total (with LULUCF, with indirect)  419.1 433.6 433.5 448.0 449.4 452.0 385.8 398.4 437.4 422.9 428.2 382.9 338.9 

Net ʉʆ2 from LULUCF  -21.3 -9.6 -8.9 -12.0 -14.1 0.8 -4.7 -9.0 8.6 5.0 19.0 20.1 19.7 
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 2016 2017 2018 2019 2020 2021 

CO2 emissions without net CO2 from LU-

LUCF 
234.0 223.1 231.7 221.9 206.8 213.3 

CO2 emissions with net CO2 from LULUCF  258.2 236.4 256.4 245.1 205.8 227.3 

CH4 emissions without CH4 from LULUCF  66.4 64.1 67.9 70.1 71.7 71.6 

CH4 emissions with CH4 from LULUCF  66.4 64.2 67.9 70.1 72.0 71.6 

N2O emissions without N2O from LULUCF  36.3 35.0 38.8 40.4 37.7 43.6 

N2O emissions with N2O from LULUCF  36.5 35.1 39.0 40.6 38.1 43.8 

HFCs* 921.37 1049.28 1395.83 1682.97 1747.00 1895.15 

PFCs* NO NO NO NO NO NO 

SF6*  24.37 28.56 33.45 38.79 43.35 48.94 

NF3*  NO NO NO NO NO NO 

Total (without LULUCF)  337.6 323.3 339.8 334.1 318.0 330.4 

Total (with LULUCF)  362.0 336.7 364.7 357.5 317.6 344.6 

Total (without LULUCF, with indirect)  337.6 323.3 339.8 334.1 318.0 330.4 

Total (with LULUCF, with indirect)  362.0 336.7 364.7 357.5 317.6 344.6 

Net ʉʆ2 from LULUCF  24.4 13.4 24.9 23.3 -0.4 14.2 

 

*emissions presented in kt CO2-eq. 
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2.1.1 Emissions of carbon dioxide 
 

Fig. 2.2 shows a histogram of CO2 emissions for the time series 1990-2021 in Ukraine. CO2 

emissions with LULUCF in 2021 amounted to 227.14 Mt, what is almost 3 times lower compared 

with 1990 (674.59 Mt). 

CO2 emissions in the Energy sector in 2021 amounted to 159.74 Mt, what is 73.0 % lower 

than the value in the base year. In 1990, CO2 emissions were 592.25 million tons and by 65.6 % 

consisted of emissions from fuel combustion compared to total emissions in the country. Such struc-

ture of CO2 emissions was due to the high energy intensity of the economy. The economic decline 

that followed the collapse of the Soviet Union as well as structural changes in the sector and economy 

led to a significant reduction in energy consumption and CO2 emission reduction in the energy sector 

in the period from 1990 to 2021.  

Carbon dioxide emissions in IPPU sector in 2021 amounted to 53.14 Mt, what is 52.2 % 

lower than the value in the base year, but 9.8 % higher than the in 2020. The largest source of CO2 

emissions in the IPPU sector is the Metal industry that amounts to 68 % of total CO2 emissions in the 

sector. CO2 emissions in sector in the period from 1990 to 2021 have decreased significantly due to 

a reduction in production output caused by the collapse of the USSR. 

 

 
Fig. 2.2. Emissions and sinks of carbon dioxide by sector in Ukraine, Mt 

 

2.1.2 Methane emissions 
 

Emissions of CH4 are the second largest after ʉʆ2 considering their share in total GHG 

emissions. In 2021, CH4 emissions in Ukraine amounted to 71.57 Mt CO2-eq. Compared to 1990, 

when the emissions were 182.94 Mt CO2-eq., the emissions decreased by 60.9 %. In the last reporting 

year, the most significant source of methane emissions was the Energy sector - 67.7 %, and significant 

emissions were observed in Agriculture (11.3 %) and Waste (15.5 %) as well. 

The largest CH4 emissions in the Energy sector come from coal mines, as well as from pro-

duction, transportation, storage, distribution, and consumption of oil and natural gas. Since 1990, 
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emissions in category 1.B Fugitive emissions from fuels decreased by more than 2 times - from 127.47 

to 50.36 Mt CO2-eq. 

In agriculture, the main source of CH4 emissions is cattle enteric fermentation. The economic 

decline led to reduction in agricultural production, and consequently to reduced methane emissions 

in the Agriculture sector in 2021 to 324.32 kt, what is more than four times lower than in 1990. 

In the Waste sector, the greatest emissions of CH4 occur during anaerobic decomposition of 

solid municipal waste, as well as from waste water. Compared to 1990, emissions from solid waste 

disposal sites increased by 17.8 %, and emissions from waste water decreased by 24.1 %. 

Methane emissions in IPPU take place during the production of pig iron, silicon carbide, 

methanol, carbon black, ethylene, coke, and some other products. The volumes of CH4 emissions in 

the sector over the reporting period increased from 48.28 to 155.88 kt (by 222.9 %) due to increase 

of production volumes. Emissions of CH4 in the LULUCF occur in very small amounts due to wild-

fires and drainage of organic soils (see Fig. 2.3). 

 

 
Fig. 2.3. Methane emissions in Ukraine by sector, kt 

 

2.1.3 Emissions of nitrous oxide 

 
Nitrous oxide emissions in Ukraine in 2021 amounted to 43.79 Mt CO2-eq., which is lower 

than in 1990 by 18.4 % (53.64 Mt CO2-eq.). Compared with 2020, emissions of nitrous oxide in-

creased by 15.0 %. The largest source of nitrous oxide emissions in Ukraine, as in the previous sub-

missions, is the Agriculture sector - 87.9 % of total nitrous oxide emissions in 2021. Emissions from 

this sector occur from agricultural soils and the activities of manure management. 

The second largest sector by nitrogen oxide emissions is IPPU sector - 5.7 % of the totals in 

2021. 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 emissions of N2O had a 3.5 % of share 

in total emissions of the gas.  

Moreover, N2O emissions occur in the Waste sector (2.5 %), as well as small quantities in 

LULUCF (0.4 %). 
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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, SF6, and NF3 in Ukraine are not much significant in terms of volumes 

in comparison with total GHG emissions (0.6% of the total emissions in 2021). HFCs emissions are as-

sociated with production and maintenance of refrigerators, air conditioners, use of fire extinguishing sys-

tems, foams and aerosols. PFCs emissions are associated with aluminum production, and emissions of 

sulfur hexafluoride - with use of gas-insulated high-voltage switches. Fig. 2.6 presents the diagram of 

HFCs, PFCs, and SF6 emissions in IPPU sector. From 1990 to 1996 inclusive, there were no HFCs emis-

sions in the country, until 1996 HFCs were not used under these categories. Emissions of PFCs and SF6 

in 1990 amounted to 235.82 and 0.01 kt CO2-eq. respectively. The sharp increase in HFCs emissions since 

2000 is due to the beginning of intensive use of these gases in fire extinguishing and foam materials, and 

in SF6 emissions - to an increased number of gas-insulated high-voltage circuit breakers in operation in 

electric networks of Ukraine. The sharp increase in HFCs emissions in 2017-2019 after the decreasing 

trend in 2015 ï 2016 explains by recovery of economy of Ukraine from previous declines that resulted in 

growth of import of HFCs-contained equipment, but those growth of import stopped in 2020 due to de-

crease in import of Ukraine conducted with starting of world pandemia in 2020. The increase of the emis-

sions in 2021 are associated with growth in HFCs imports in some categories as well as with HFCs that 

stayed in operated equipment. 

In 2021, there were no PFCs imports to Ukraine since there was no production need for it. Thus, 

PFCs emissions in 2021 are zero.  

There are no emissions of NF3 due to absence of activities related to production of photo-voltaic 

elements in Ukraine, according to data obtained from the companies that use photovoltaic elements in 

their production processes. 
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Fig. 2.5. Emissions of PFCs, HFCs and SF6 in Ukraine, kt CO2-eq. 

 

2.1.5 Trends in emissions of precursor gases and SO2 

 
Fig. 2.6 presents trends for all precursor emissions (nitrogen oxides, carbon monoxide, non-

methane volatile organic compounds) and sulfur dioxide in 1990-2021. In 1990, more than 90% of 

NOx, CO and SO2 emissions occurred the Energy sector, almost all the rest - in the 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 of SO2 emission reduction compared 

with GHG emissions in the period of 1990-2021 are mainly related with substitution of fuel oil (with 

a significant content of sulfur) by natural gas (sulfur content of which is small) in the fuel balance of 

Ukraine. 

CO emission trends are explained by two key factors. The leading trend of CO emission 

reduction compared with GHG emissions associated primarily with coal substitution by natural gas 

in private households. At the same time, the influence of this factor is recently offset by an 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 SO2 emissions 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 2021. 

 

 
Fig. 2.7. GHG emissions and removals by sector in Ukraine, Mt ʉʆ2-eq. 
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Table 2.2. Greenhouse gas emissions in Ukraine by sector for the period of 1990-2020 (Mt CO2-eq.) 

 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

Energy 725.3 661.6 615.8 547.0 460.0 431.4 395.4 377.7 366.0 335.8 311.3 324.2 306.6 

Industrial Processes and Product Use 118.2 101.3 97.3 79.2 67.2 58.2 56.5 62.1 60.1 62.9 67.5 71.9 74.7 

Agriculture  86.8 81.1 75.8 72.6 65.8 60.6 51.6 48.0 43.1 39.4 37.3 38.0 37.8 

LULUCF (removals) -31.4 -39.6 -39.3 -32.8 -37.0 -32.1 -27.7 -22.5 -28.1 -31.0 -22.9 -17.4 -14.8 

Waste 12.4 12.4 12.4 12.3 12.0 12.0 11.9 11.8 11.8 11.7 11.8 11.9 12.0 

Total (without LULUCF)  942.8 856.4 801.3 711.1 604.9 562.1 515.4 499.6 480.9 449.8 427.9 446.0 431.0 

Total (with LULUCF)  911.4 816.8 762.0 678.3 567.9 530.0 487.7 477.2 452.8 418.8 405.0 428.6 416.2 

Total (without LULUCF, with indi-

rect) 
942.8 856.4 801.3 711.1 604.9 562.1 515.4 499.6 480.9 449.8 427.9 446.0 431.0 

Total (with LULUCF, with indirect)  911.4 816.8 762.0 678.3 567.9 530.0 487.7 477.2 452.8 418.8 405.0 428.6 416.2 

 

 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Energy 316.4 314.6 315.1 328.9 327.0 313.3 275.4 286.4 296.5 290.3 282.2 246.7 210.8 

Industrial Processes and Product Use 78.3 81.5 81.0 85.3 92.5 89.2 68.6 74.7 81.2 77.7 72.6 62.0 56.4 

Agriculture  33.5 34.8 33.9 33.3 31.1 36.0 33.9 33.5 38.4 37.2 41.6 41.4 39.4 

LULUCF (removals) -21.3 -9.6 -8.9 -12.0 -14.1 0.8 -4.7 -9.0 8.6 5.0 19.0 20.1 19.7 

Waste 12.1 12.3 12.4 12.6 12.8 12.7 12.6 12.7 12.8 12.6 12.9 12.6 12.6 

Total (without LULUCF)  440.3 443.1 442.4 460.0 463.4 451.2 390.5 407.4 428.8 417.8 409.3 362.8 319.2 

Total (with LULUCF)  419.1 433.6 433.5 448.0 449.4 452.0 385.8 398.4 437.4 422.9 428.2 382.9 338.9 

Total (without LULUCF, with indi-

rect) 
440.3 443.1 442.4 460.0 463.4 451.2 390.5 407.4 428.8 417.8 409.3 362.8 319.2 

Total (with LULUCF, with indirect)  419.1 433.6 433.5 448.0 449.4 452.0 385.8 398.4 437.4 422.9 428.2 382.9 338.9 

 

 2016 2017 2018 2019 2020 2021 

Energy 224.8 217.8 226.3 219.2 208.0 209.7 

Industrial Processes and Product Use 58.1 51.9 56.5 57.6 56.0 61.5 

Agriculture  42.0 41.0 44.4 44.8 41.7 47.0 

LULUCF (removals) 24.4 13.4 24.9 23.3 -0.4 14.2 

Waste 12.7 12.7 12.6 12.6 12.4 12.2 

Total (without LULUCF)  337.6 323.3 339.8 334.1 318.0 330.4 

Total (with LULUCF)  362.0 336.7 364.7 357.5 317.6 344.6 

Total (without LULUCF, with indi-

rect) 
337.6 323.3 339.8 334.1 318.0 330.4 

Total (with LULUCF, with indirect)  362.0 336.7 364.7 357.5 317.6 344.6 
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The largest contribution to GHG emissions has the Energy sector. Its share in the total emis-

sions for the period of 1990-2021 fluctuated within the range of 60.9-81.4 % with the LULUCF sec-

tor, and of 63.5-77.3 % without the LULUCF sector. Decline of emissions in the sector in 2021 com-

pared to 1990 is 71.1 % - from 725.32 to 209.74 Mt CO2-eq. Compared to 2020 the GHG emissions 

has increased by 0.8 %. 

The largest source of GHG emissions in the Energy sector is thermal power plants (TPPs), 

which accounted for 37.2-45.2 % of total GHG emissions in the sector. Particularly, along with the 

tendency of emission reduction in industrial categories, the share of emissions from coal burning at 

TPPs increased annually. GHG emissions from transport activity (category 1.A.3) amounted from 

10.3 % to 17.2 % from Energy sector during the whole time series. The share of GHG emissions in 

the category 1.A.4 ñOther Sectorsò in 1990-2020 was 9.1-15.4 %. Reduction of emissions in the cat-

egory in the recent years is related to reduction of fuel consumption in the commercial as well as 

residential sectors. It should be noted that in the category 1.A.5 ñOtherò, which corresponds to emis-

sions from use of fuels for military purposes, in the period of 1990-2013 emissions were insignificant 

and amounted to around 0.01 %. In 2014-2021, the share of emissions from this category was 0.2% 

of the total emissions in the Energy sector. 

Emissions in category 1.B Fugitive emissions were 17.6-28.7 % of total sectorôs emissions, 

and in recent years, the share of emissions in the category has been reducing. 

The share of emissions in IPPU sector in the period of 1990 - 2021 ranged from 11.0 % to 

20.6 % of the total national GHG emissions, including LULUCF (or 10.3 ï 20.0 % excluding LU-

LUCF). Total GHG emissions in the sector decreased from 118.20 Mt CO2-eq. in 1990 to 61.49 Mt 

CO2-eq. in 2021 i.e., by 48.0 %. 

The largest source of carbon dioxide emissions in this sector is iron, steel, ammonia, cement 

and ferroalloys production. During the period of 1990-2004, there was steel production and export 

growth with a simultaneous decrease of volumes of open-hearth steel production. The growth of steel 

production led to the growth of emissions associated with the technological process, and decrease in 

open-hearth steel production - to reduction of emissions related to energy consumption. The main 

factor that caused the increase in CO2 emissions in 2005-2007 was the increase in production vol-

umes. The period of 2008-2009 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 volumes and 

started to close down open-hearth 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 production led to transfer of blast furnaces into the idle mode that caused 

to the increase of significance of the technological process in the total emissions in 2009-2021. The 

increase in total emissions in 2021 compared to 2020 is associated with a growth in industrial pro-

duction by Ukrainian enterprises, as well as a increase in imports of industrial products. 

The share of Agriculture sector in the total volume of emissions during 1990-2021 varied in 

the range from 6.9 % to 13.6 % (or 6.7 ï 14.2 % excluding LULUCF). The emissions fluctuation in 

the sector is related to a change 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. 

In the LULUCF sector, in 2021 CO2 emissions exceeded removals. The value of removals 

reaches 6.9 % to the total emissions in the country in 1999, then gradually decreased to emissions in 

2021. 

In 2021 net GHG emissions are 14.23 Mt CO2-eq., in the contrast with the removals in 1990 

(31.41 Mt CO2-eq.), and very contrast compared with removals in 2020 (0.41 Mt CO2-eq.). Such 

dynamic is related to first of all GHG emissions dynamic from mineral soils in Cropland category. In 

2021 the emissions of 48.26 Mt CO2-eq. took place on contrast with 27.43 Mt CO2-eq. of emissions 

in 2020. Emissions in 2021 are 52.82 Mt CO2-eq. higher, than the level of 1990, when 4.6 Mt CO2-

eq. GHG removals occurred. Such variability in emissions relates to instability 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 land-use categories have its influence. It should also be noted that in 1990 a large 
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share of GHG emissions in this category had emissions from non-energy peat extraction, resulting in 

12.03 Mt CO2-eq., but by 2020 the decline in peat production and peat areas reduced the emissions 

down to the level of 0.25 Mt CO2-eq. 

The share of the Waste sector is small, ranged from 1.4 % to 3.9 % of the total national 

emissions. Fluctuations in emissions are caused by the following factors: from 1990 to 1999, gradual 

emissions decrease was caused by sharp drop in industrial production; from 1999 to 2007, significant 

emissions increase was caused by an increase in the volumes of municipal solid waste landfilling, as 

well as an increase in the volume of industrial wastewater; since 2013, emissions started to decrease 

constantly mainly due to the reduction of water consumption for industrial and household needs and 

an increase of methane utilization at MSW landfills.   
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3 ENERGY (CRF SECTOR 1) 

 
3.1 Sector Overview 
 

The ñEnergyò sector includes emissions from combustion of carbonaceous fuels (category 

1.A ñFuel Combustion Activitiesò), as well as greenhouse gases produced as a result of leaks in ex-

traction, processing, storage, transportation, and consumption of fuels (category 1.B ñFugitive Emis-

sions from Fuelsò). 

In the reporting year, GHG emissions in the ñEnergyò sector amounted to 209.74 Mt of CO2-

eq. or approximately 66.0% of all GHG emissions in Ukraine (excluding sinks in the ñLULUCFò 

sector), and decreased by 71.08% vs the baseline 1990. Compared with 2020 emissions increased by 

0.8%. 

Fig. 3.1 shows changes in GHG emissions in the ñEnergyò sector. In 1990, the proportion of 

carbon dioxide, methane, and nitrous oxide in the total emissions in the sector accounted for 81.7%, 

17.6% and 0.7%, while in 2021 ï 76.16%, 23.11% and 0.73%, respectively. 

Fig. 3.1. GHG emissions in the "Energy" sector, 1990-2021 

 

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

gory 1.A ñFuel Combustion Activitiesò, and emissions in category 1.B ñFugitive Emissions from 

Fuelsò ï 24.01% (Table 3.1). 

 

Table 3.1. GHG emissions in the ñEnergyò sector, Mt of CO2-eq. 

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

1 Energy 

total, in-

cluding: 

725.32 431.38 311.34 315.11 286.38 290.29 224.76 217.75 226.30 219.17 207.99 209.74 

1.A Fuel 

Combustion 

Activities 

597.85 335.35 222.13 239.41 223.70 232.60 178.81 174.75 180.59 171.24 157.57 159.39 

1.B Fugi-

tive Emis-

sions from 

Fuels 

127.47 96.02 89.21 75.70 62.68 57.69 45.96 43.00 45.71 47.93 50.42 50.36 

 

The dynamics of GHG emissions in the ñEnergyò sector in the period of 1990-2021 were 

diverse on certain parts of the time series.  
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In 1990-1993 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 emissions - by 15.9% 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 as 

gradual ñagingò of the industrial capital and the national infrastructure. 

In the period of 2000-2007, 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 increased 

by 7.1%, due to a number of macro-economic, political, administrative, 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 in 

Ukraine, international economic 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 non-production sector mostly, as well as the situ-

ation in the global markets of energy-intensive products (e.g. metallurgy), and the policy of natural 

gas substitution with coal by introducing the pulverized coal injection technology.  

Recent years are characterized by general decline in industrial production aggravated by 

COVID epidemic, and corresponding reduce of production and GHG emissions in the energy sector. 

 

3.2 Fuel Combustion Activities (CRF category 1.A) 
 

Category 1.A ñFuel Combustion Activitiesò includes emissions from combustion of carbo-

naceous fuels.  

The estimation of CO2 emissions in accordance with [1] was performed by two methods ï 

sectoral and baseline. Estimation of other GHG emissions was held with the sectoral approach. 

In 2021, emissions from fuel combustion amounted to 159.4 Mt of CO2-eq. and decreased 

as compared to 1990 by 73.34%, compared with 2020 emissions increased by 1.15%. 

More detailed information is presented in Fig. 3.2.  

 
Fig. 3.2. GHG emissions in category 1.A ñFuel Combustion Activitiesò 

 (sectoral approach, kt CO2-eq.), 1990-2021 

 

The key source of greenhouse gases is category 1.A.1 ñEnergy Industriesò, which in 1990 

accounted for 45.6% of all emissions  in the category and in 2021 ï 53.48%; the share of 1.A.2 ñMan-

ufacturing Industries and Constructionò was 18.6% in 1990 and 13.18% in 2021; 1.A.3 ñTransportò 
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ï 18.7% and  21.12%, respectively; 1.A.4 ñOther sectorsò ï 17.1% and 11.97%, respectively, the 

contribution of 1.A.5 ñOtherò was negligible until 2013, in 2021 it amounted to 0.24% (according to 

Table 3.2).    

 

Table 3.2. GHG emissions in category 1.A ñFuel Combustion Activitiesò, Mt of CO2-eq.  
Category  1990 1995 2000 2005 2010 2012 2016 2017 2018 2019 2020 2021 

1.A Fuel 

Combus-

tion Activi-

ties total, 

including: 

597.85 335.35 222.13 239.41 223.70 232.60 178.81 174.75 180.59 171.24 157.57 159.40 

1.A.1 En-

ergy Indus-

tries 

272.68 194.73 115.78 120.79 121.41 131.21 98.86 90.45 98.75 92.22 86.40 85.24 

1.A.2 Man-

ufacturing 

Industries 

and Con-

struction 

111.26 24.99 31.23 36.79 22.60 22.92 18.40 18.05 18.42 18.61 19.82 21.01 

1.A.3 

Transport 
111.79 49.22 34.55 39.19 40.20 39.36 32.89 34.94 34.96 37.73 31.81 33.67 

1.A.4 

Other sec-

tors 

102.01 66.35 40.50 42.55 39.46 38.99 28.12 30.78 27.99 22.32 19.08 19.08 

1.A.5 

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

Changes in the structure of emissions from fuel combustion in the period of 1990-2021 by 

IPCC categories are presented in the diagram (Fig. 3.3). 

Fig. 3.3. Changes in the structure of emissions from fuel combustion by IPCC categories 

 

3.2.1 Reference CO2 emission calculation approach. Comparison of sectoral and 

reference approaches 
 

As a cross-check of the total amount of CO2 emissions 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 equation 

6.1 [1]. 
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 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 A2.5). 

Exceptions are emission factors for coals, which were determined as the average 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 approach 

carbon related to non-energy use of fuels according to form 4-MTP was withdrawn. Besides, when 

estimating non-energy consumption of fuels, consumption of hard coal processing products for the 

purpose of production of carbon black in the country was taken into account.  

Due to the fact that emissions from 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 respec-

tively, at the second stage for an adequate comparison of the approaches the carbon contained in coke 

and natural gas used for the processes above was defined as withdrawn (stored) carbon. 

For 2021 the information on production, imports and exports is available from appropriate 

statistical forms but the information on stock change and carbon excluded is not available because 

of absence of the form 4-MTP and IEA questionnaires for 2021. These missing data is assumed to 

be equal to the date from 2020 taking into account similar conditions in terms of production, con-

suming, COVID impact. 

 

Table 3.3. Comparison of CO2 emissions from fuel combustion determined using the refer-

ence and sectoral approaches 

    Year 

   CO2 emissions de-

termined using the  

reference approach,  

Mt  

CO2 emissions deter-

mined using the sectoral 

 approach,  

Mt  

        Discrepancy 

     between sectoral and ref-

erence approaches,  

% 

1990 608.89 588.77 3.42 

1991 607.27 533.14 13.91 

1992 525.63 493.09 6.60 

1993 418.70 431.68 -3.01 

1994 349.85 352.27 -0.69 

1995 342.88 331.26 3.51 

1996 283.00 296.01 -4.39 

1997 267.35 279.77 -4.44 

1998 258.89 269.52 -3.94 

1999 239.97 236.75 1.36 

2000 229.81 219.70 4.60 

2001 232.06 234.10 -0.87 

2002 243.29 224.75 8.25 

2003 232.21 233.15 -0.40 

2004 242.71 233.57 3.91 

2005 249.79 237.07 5.36 

2006 259.67 252.26 2.94 

2007 260.54 249.92 4.25 

2008 245.66 240.51 2.14 

2009 209.75 209.51 0.12 

2010 219.17 221.30 -0.96 

2011 232.55 231.00 0.67 

2012 225.91 230.10 -1.82 

2013 217.05 226.23 -4.06 

2014 196.82 196.49 0.17 

2015 176.60 167.61 5.37 

2016 174.44 176.67 -1.26 

2017 166.17 172.61 -3.73 

2018 175.56 178.37 -1.58 

2019 166.51 168.94 -1.44 

2020 155.07 156.44 -0.44 

2021 150.20 157.48 -4,62 
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3.2.2 International Bunker Fuels (CRF category 1.D.1) 

 

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

The approach applied to distribution of GHG emissions between domestic and international 

aviation is consistent with the approach described in [1]. Emissions from international aviation in-

clude emissions from aircraft operations where the departure or destination airports are located out-

side Ukraine. For more details on the technique of estimating GHG emissions from air transport, as 

well as the input data, see Annex A2.7. 

GHG emissions from international aviation in 2021 amounted to 1263,14 kt of CO2-eq., 

which is 45.0% higher than the same indicator in 2020 and 1,95 times lower than in 1990.  For trends 

on GHG emissions from domestic and international aviation see Fig. 3.8.  

 

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

National statistics do not include data on international bunker waterway transportations. In this 

connection, the indirect estimation method was used, which is based on use of data on total consump-

tion of fuels by water transport (form 4-MTP) and the sea transport cargo turnover (coastal/interna-

tional transportation) plus the river one (domestic/foreign traffic) [16-29]. 

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

 

 ὊὅȢȢȢ Ὂὅ ὯȢȢȢ                                             (3.1) 

Where: 

FC1.d.1.b  is consumption of fuels by international waterway transport (gasoil, fuel oil), tons; 

FCH50 - consumption of fuels by TEA H50 ñWater Transportò for transportation needs (gasoil, 

fuel oil), tons; 

K1.d.1.b  - the factor of fuel distribution into international/coastal transportation, in relative 

terms, which is defined by the following expression: 

ὯȢȢȢ                                                         (3.2) 

Where: 

PRint  is the volume of cargo transportation by international river transport, thd tons; 

PSint  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 yearbooks [16-29]. 

The trends in cargo for national and international navigation may be observed in ANNEX 2 

fig. A.2.1, fig. A.2.2. 

The method used for estimating the emissions corresponds to Tier 2 for CO2 emissions from 

diesel combustion and Tier 1 ï for fuel oil and non-CO2 gases in accordance with [1]. 

Because of absence of necessary statistical information for 2021 GHG emissions from inter-

national water transport in 2021 are assumed to be equal to emissions in 2020. 

GHG emissions from international water transport in 2021 amounted to 43,48 kt of CO2-eq., 

which is equal to that in 2020 and 36.8 times lower than in 1990. GHG emissions from domestic and 

international navigation for 1990-2021 are presented in the Fig.3.10. 

 

3.2.2.3 Category-specific recalculations 
 

No recalculations were performed in the category 
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3.2.3 Use of fuels as a raw material and non-energy use of fuels 
 

Emissions in category 1.A ñFuel Combustion Activitiesò include emissions from fuel com-

bustion for heat and electricity production in industrial processes, transportation, etc. However, fuel 

is also used for non-energy needs (for example, as solvents, lubricants, etc.; as feedstock for ammonia, 

rubber, plastic production, etc.; as a reducing agent ï coke in the blast furnaces). Emissions from non-

energy fuel use are presented in the sector ñIPPUò in the following sub-categories: 

2.B.1 ñAmmonia Productionò ï natural gas as a raw material in production of ammonia; 

2.C.1 ñIron and Steel Productionò ï non-energy use of coke in production of pig iron in 

the blast furnace process; 

2.C.2 ñFerroalloys Productionò ï coke in production of ferroalloys; 

2.B.8 ñPetrochemical and Carbon Black Productionò ï coal raw material for carbon black 

production; 

2.D.1 ñLubricants Useò ï non-energy use of oils; 

2.D.2 ñParaffin Wax Useò ï non-energy use of paraffin in manufacture of industrial prod-

ucts. 

To improve transparency of accounting for emissions from coke use, the balance of coking 

coal, coke, and coke gas was built, which is presented in Annex A4.4. 

The amount of fuel that was used for non-energy needs was determined on the basis of sta-

tistical reporting form 4-MTP, where enterprises enter information on fuel quantities used as raw 

materials for chemical, petrochemical, and other non-fuel production. The exception is natural gas 

and coke, where the volumes of their use as raw materials were determined according to data of 

companies producing ammonia, cast iron, steel and carbon black, respectively.  

Thus, fuel used for non-energy purposes were not considered in calculation of GHG emis-

sions in category 1.A ñFuel Combustion Activitiesò. 

 

3.2.4 ʉʆ2 sequestration 
 

Ukraine does not conduct sequestration of CO2 released during combustion of carbon-con-

taining fuels for long-term storage purposes, for example, in geological formations. For this reason, 

no estimation of the volume of sequestered CO2 in the ñEnergyò sector was performed. 

 

3.2.5 ʉʆ2 emissions from biomass 
 

In accordance with [1], CO2 emissions from combustion of biomass for energy purposes 

were not included into the total emissions in the ñEnergyò sector but are presented separately, as 

reference data. Emissions of CH4 and N2O from biomass for energy purposes are accounted for in 

category 1.A ñEnergy Industriesò. 

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 of 

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 dur-

ing the period of 1990-2021, are described in Annexes A2.1-A2.2 and form the basis for processing 

of input data within the current GHG inventory. 

 

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

 

3.2.7.1 Category Description 
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In 2021, emissions in category 1.A.1 ñEnergy Industriesò amounted to 85.24 Mt of CO2-eq., 

or about 53.48% of the total emissions in category 1.A ñFuel Combustion Activitiesò, and decreased 

by 68.74% compared with the baseline 1990 (see Table 3.4); they decreased by 1.35% compared to 

2020. 

 

Table 3.4. GHG emissions in the category 1.A.1 ñEnergy Industriesò, Mt of CO2-eq. 

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

1.ɸ.1 Energy Industries, 
total 

272.68 194.73 115.78 120.79 121.41 131.21 98.86 90.45 98.75 92.22 86.40 85.24 

1.A.1.a Electricity and 

Heat Production  
255.52 187.77 108.07 111.58 111.75 123.07 94.50 86.83 93.57 87.83 82.10 80.94 

1.A.1.b Petroleum Refin-
ing 

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

1.A.1.c Manufacture of 

Solid Fuel and Other En-
ergy Industries 

10.80 5.08 6.31 7.98 8.79 7.57 4.07 3.28 4.81 4.04 3.92 3.87 

 

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

This category includes emissions from stationary fuel combustion in production of electric-

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 balance 

sheet of other companies, thus without changing the actual technological 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 ñElectricity and Heat Productionò also includes activities of enterprises.  

In the category ñElectricity and Heat Productionò, GHG emissions in 2021 amounted to 

80.94 Mt of CO2-eq., having decreased with respect to 2020 by 1.41%, and decreased by 68.32% 

compared with the baseline 1990.  

GHG emissions in category 1.A.1.a by fuels groups are presented in Fig. 3.4 

Fig. 3.4. GHG emissions in category 1.A.1.a by fuel groups, % of the category 
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The structure of GHG emissions in the category 1.A.1.a ñElectricity and Heat Productionò 

by energy facilities for 1998-2021 is presented in Fig. 3.5. 

For the whole period 1998-2021, the largest share of GHG emissions in the category corre-

sponds to TPPs ï from 42.8% to 62.1%, for the rest: CHPs ï from 11.9% to 15.8%, HPs ï from 45.3% 

to 22.1%. 

 

 
Fig.3.5. The structure of GHG emissions in the category 1.A.1.a ñElectricity and Heat Productionò 

by energy facilities, 1998-2021 

 

It should be noted that during recent years the specific fuel consumption (GHG emissions 

per MWh electricity produced) has the value of 1.0 t CO2 eq/MWh and even higher because all TPPs 

blocks are older than 40ï50 years and, in order to extend the lifetime, operating steam temperatures 

are lower, which leads to a higher fuel consumption. 

 

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

Enterprises in this category include petroleum refineries and gas processing plants. This cat-

egory accounts for burning fuels directly for technological processes. The key types of fuels in this 

category are natural gas, refinery feedstock and fuel oils. 

In this category, GHG emissions increased by 10% in 2021 compared to 2020 and amounted 

to 0.42 Mt of CO2-eq. Compared to 1990, GHG emissions reduced by 14.99 times. 

 

3.2.7.1.3 Manufacture of Solid Fuels and Other Energy Industries (CRF cate-

gory 1.A.1.c) 
 

This category includes emissions from fuel combustion at the enterprises that are engaged 

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 2021 amounted to 3.87 Mt of CO2-eq, which is 1.27% lower 

than the same indicator in 2020 and 64.18% lower than the baseline 1990.  

 

3.2.7.2 Methodological Issues  
 

GHG emissions from fossil 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 Ukraine ï in section A2.1, emission factors ï in section 

A2.5, summary data on use of fuels in Ukraine in 2021 ï in section A2.9. National circumstances for 

2014 - 2021 are provided in Annex A2.10. 
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Because of absence of some statistical information for 2021 the missing data for GHG emis-

sions estimation in 2021 were calculated on the basis of 2020 data using such drivers as electric 

energy, heat and refinery production. 

 

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

GHG emissions from coal combustion at the TPPs were estimated based on the methodol-

ogy, developed by Coal Energy Technology Institute of NASU [11] according to which the country-

specific NCV, oxidation factor and carbon content as well as mass combusted were determined for 

the period 1990-2021 (Annex A2.6.2).  

Other fuels consumed in subcategories ñElectricity Generationò (i), ñCombined Heat and 

Power Generationò (ii), and ñHeat Plantsò (iii) were identified based on national statistical forms, see 

Annex A2.2. 

Due to the fact that the national statistics for 1990-1997 does not make it possible to dis-

aggregate data on fuel consumption into the sub-categories ñElectricity Generationò (i), ñCombined 

Heat and Power Generationò (ii), and ñHeat Plantsò (iii), emissions in the category ñElectricity and 

Heat Productionò were not disaggregated by the sub-categories above for this period.  

Estimation of CO2 emissions for coal combusted at the TPPs was performed in the manner 

corresponding to Tier 3 [1]; for natural gas, coal coke, gasoline, diesel and LPG ï to Tier 2; for other 

fuels ï to Tier 1. 

Calculation of emissions of non-CO2 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 CO2 emissions from combustion of waste of non-biogenic origin at waste incineration 

plants were implicitly taken into account. CO2 emissions from combustion of biogenic waste at in-

cineration plants are separately presented as burning of biomass in accordance with [1]. 

 

3.2.7.2.2 Petroleum Refining (CRF category 1.A.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, refinery 

feedstock and fuel oils. 

The data on energy use of fuel in this sub-category up to 2016 (see A.2.2) are based on the 

total fuel consumption for oil refining by fuels under form 11-MTP. GHG estimations for the period 

2016-2021 were carried out by surrogate method on the basis of IEA data on refinery intake. 

Estimation of CO2 emissions was held under the method corresponding to Tier 1 in accordance 

with [1]. 

 

3.2.7.2.3 Manufacture of Solid Fuels and Other Energy Industries (CRF cate-

gory 1.A.1.c) 
 

This category includes all GHG emissions from use of solid fuel production and other activ-

ities in the energy sector. 

Estimation of CO2 emissions 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 for 

non-CO2 gases ï to Tier 1. 

GHG emissions from coal bed methane recovery were estimated according to equation 1.4.5. 

[1]. 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 period 2013-2021 were calculated by surrogate method on 

the basis coal production data. 

 

3.2.7.3 Uncertainties and Time Series Consistency 
 

Uncertainties of activity data and emission factors are presented in Table 3.5. 
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Table 3.5. Uncertainties of activity data and emission factors in category 1.A.1 ñEnergy In-

dustriesò 

Type of fuel Uncertainty of activity data, % 
Uncertainties of emissions factors, % 

CO2 CH4 N2O 

Liquid fuel 6.71 2 150 500 

Solid fuel 7.15 5 150 500 

Gaseous fuel 6.99 5 150 500 

Other types of fuels 47.05 5 150 500 

Biomass 45.34 5 150 500 

Quantification of the uncertainty was performed on the basis of the above uncertainty values 

of activity data and emission factors according to the methodology [1]. 

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

The most significant impact on the overall uncertainty of GHG emission estimation in this 

category is produced by CO2 emission estimation uncertainty in the category ñElectricity and Heat 

Productionò ï the uncertainty of emission factors and activity data for solid fuel. 

 

3.2.7.4 Category-specific 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 reporting 4-

MTP and 11-MTP for 2010-2015; 

 comparison of data on coal consumption for the period of 2003-2021 obtained from 

public power stations, with statistics. The average discrepancy for the specified period is 

about 1%. A more conservative value was used for calculation;  

 in collaboration with SSSUôs specialists, analysis of statistical reporting forms con-

taining 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 Category-specific Recalculations 
 

In this category, no recalculations were made. 

 

3.2.7.6 Category-specific Planned Improvements 
 

In this category, no improvements are planned. 

 

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

 

3.2.8.1 Category Description and Methodological Issues 
 

This category includes GHG emissions from stationary combustion of fossil fuels used for 

industrial purposes in industry, construction, and extraction of non-energy materials.  

In 2021, emissions in category 1.A.2 ñManufacturing Industries and Constructionò 

amounted to 21.01 Mt of CO2-eq. or about 13.18% of the total emissions in category 1.A "Fuel Com-

bustion", and decreased by 82.2% compared with 1990 (see Table 3.7). Compared with 2020 emis-

sions increased by 6.02%. 

 

Table 3.7. GHG emissions in category 1.A.2 ñManufacturing Industries and Construc-

tionò,Mt of CO2-eq. 
Emission category 1990 1995 2000 2005 2010 2012 2014 2016 2017 2018 2019 2020 2021 

1.A.2 Manufacturing Indus-

tries and Construction total, 

including: 

111.26 24.99 31.23 36.79 22.60 22.92 20.39 18.40 18.05 18.42 18.61 19.82 21.01 

1.A.2.a Iron and Steel 55.35 15.39 25.19 24.59 13.42 13.92 12.45 10.37 9.94 10.19 10.60 11.06 11.38 
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Emission category 1990 1995 2000 2005 2010 2012 2014 2016 2017 2018 2019 2020 2021 

1.A.2.b Non-Ferrous Metals 0.65 0.61 0.47 0.67 0.63 0.36 0.85 0.76 0.80 0.90 0.84 0.84 0.93 

1.A.2.c Chemicals 3.52 1.57 0.79 1.11 0.82 0.99 0.46 0.54 0.36 0.56 0.49 0.38 0.41 

1.A.2.d Pulp, Paper and 

Print 
0.14 0.20 0.01 0.05 0.04 0.05 0.01 0.05 0.04 0.05 0.04 0.05 0.05 

1.A.2.e Food Processing, 

Beverages, and Tobacco 
3.64 2.42 0.90 0.83 0.58 0.63 0.52 0.50 0.51 0.58 0.52 0.53 

0.58 

1.A.2.f Non-Metal Minerals 16.10 2.61 2.29 5.83 4.27 4.07 3.46 3.66 3.33 3.62 3.98 4.31 4.74 

1.A.2.g Other Industries 31.85 2.20 1.56 3.72 2.84 2.90 2.63 2.52 3.07 2.51 2.14 2.65 2.92 

 

Changes in the structure of emissions from fuel combustion in the period of 1990-2021 by 

category 1.A.2 are presented in the diagram (Fig. 3.6). 

 

 
Fig.3.6. Changes in the structure of emissions from fuel combustion in category 1.A.2 ñManufactur-

ing Industries and Constructionò, % 

 

Emissions that result from use of fossil fuels or their processing products as raw materials 

or chemical reagents are recorded in CRF sector 2 ñIPPUò. The same sector accounts for emissions 

from technological (energy and non-energy components) use of natural gas for the purpose of pro-

duction of ammonia, as well as coke for recovery of iron ore, since iron, steel and ammonia produc-

tion processes [5, 6] in Ukraine are characterized by use of fuel resource data directly in the produc-

tion borders of enterprises of the types and therefore, in accordance, with [1].  

Because of absence of some statistical information for 2021 the missing data for GHG emis-

sions estimation in 2021 were calculated on the basis of 2020 data using such drivers as production 

of pig iron and general industrial production. 

 

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

In accordance to 2006 IPCC Guidelines [1], emissions from energy and non-energy use of 

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

In 2021, GHG emissions in this category amounted to 11.38 Mt of CO2-eq, which is 2.87% 

higher than the same indicator in 2020 and 79.44% lower than in 1990.  
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3.2.8.1.2 Non-Ferrous Metals (CRF category 1.A.2.b) 
 

Non-ferrous metallurgy in Ukraine, in contrast to the ferrous one, accounts for a small share 

of both emissions and fuel resource consumption. However, the sector is characterized by higher 

energy intensity. 

The major share in production of non-ferrous metals belongs to zinc and lead. 

Production of primary aluminum in Ukraine stopped in May 2010. However, GHG emission 

trends in the category of ñNon-Ferrous Metalsò were not impacted by that, as the key source of elec-

tric power at enterprises producing aluminum was power plants. 

In 2021, GHG emissions amounted to 0.93Mt of CO2-eq, increased by 10% compared to 2020 and 

41.9% higher than in 1990.  

 

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

The key products of the chemical industry in Ukraine are ammonia, mineral fertilizers (car-

bamide, ammonium nitrate, and others), acids (sulfuric, nitric, and others), soda, as well as plastics 

and rubber products. The chemical industry is one of the largest industrial consumers of natural gas 

in Ukraine after the thermal power industry and the ferrous industry. Natural gas used for production 

of ammonia is accounted for in IPPU according to [1]. 

In 2021, GHG emissions in this category amounted to 0.41 Mt of CO2-eq., which is 10% 

higher than the same indicator in 2020 and 8.5 times lower than in 1990.  

 

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

This category includes emissions resulting from energy use of fuels by enterprises producing 

paper and paperboard, products from them, as well as use for publishing and printing for production 

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 con-

sumed as raw materials for reproduction, handed over as waste paper, as well as transferred to other 

enterprises. 

In 2021, GHG emissions in this category amounted to 0.05 Mt of CO2-eq., which is 10% 

higher than the same indicator in 2020 and 62.3% lower than in 1990.  

 

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

In category 1.A.2.e ñFood Processing, Beverages, and Tobaccoò GHG emissions from use 

of fuels for production of industrial products were accounted. The key source of emissions in this 

category are companies engaged in the sugar, baking, and dairy industries, as well as the beverage 

industry.  

In 2021, GHG emissions in this category amounted to 0.58 Mt of CO2-eq., which is 10.0% 

higher than the same indicator in 2020 and 6.3 times lower than in 1990.  

 

3.2.8.1.6 Non-Metal Minerals (CRF category 1.A.2.f) 
 

This category includes GHG emissions from use of fuels for production of glass products, 

materials for construction and other non-metal materials. 

In 2021, GHG emissions in this category amounted to 4.74 Mt of CO2-eq., which is 10.0% 

higher than the same indicator in 2020 and 3,4 times lower than in 1990. 

 

3.2.8.1.7 Other Industries (CRF category 1.A.2.g) 
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These industries include emissions from use of fuels for production of industrial products by 

the Ukrainian enterprises not covered in categories 1.A.2.a - 1.A.2.f namely: construction, machinery, 

wood products, furniture, electronics, textiles, and so on. 

In 2021, GHG emissions in this category amounted to 2.92Mt of CO2-eq., which is 10.0% 

higher than the same indicator in 2020 and 10.92 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 in 

the statistical reporting form 4-MTP. National circumstances for 2014-2021 are provided in Annex 

A2.10. 

Because of absence of some statistical information for 2021 the missing data for GHG emis-

sions estimation in 2021 were calculated on the basis of 2020 data using such drivers as production 

of pig iron and general industrial production. 

 

3.2.8.3 Uncertainties and Time Series Consistency 
 

Uncertainties of activity data and emission factors are present in Table 3.8. 

 

Table 3.8. Uncertainties of activity data and emission factors in category 1.A.2 ñManufac-

turing Industries and Constructionò 

Type of fuel Uncertainty of activity data, % 
Uncertainties of emissions factors, % 

CO2 CH4 N2O 

Liquid fuel 12.54 2 150 500 

Solid fuel 15.78 5 150 500 

Gaseous fuel 14.10 5 150 500 

Other types of fuels 30.30 5 150 500 

Biomass 30.19 5 150 500 

 

Quantification of the uncertainty was performed on the basis of the above uncertainty values 

of activity data and emission factors according to the methodology [1]. 

Estimated total GHG emission uncertainty in this category is 10.6%. 

 

3.2.8.4 Category-specific 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 Category-specific Recalculations 
 

In this category, no recalculations were made 

 

3.2.8.6 Category-specific Planned Improvements 
 

No improvements are planned. 

 

3.2.9 Transport (CRF category 1.A.3)  

 

3.2.9.1 Category Description 
 

Category 1.A.3 ñTransportò includes emissions from fuel combustion in all modes of 

transport in Ukraine.  
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In 2021, emissions in category 1.A.3 ñTransportò amounted to 33.67 Mt of CO2-eq. Com-

pared to 1990, emissions decreased by 69.88%, to the previous 2020 - increased by 5.82%. 

The largest contribution into GHG emissions in category 1.A.3 ñTransportò in 2021 was 

made by emissions in categories 1.A.3.b ñRoad Transportò and 1.A.3.e ñOther Types of Transporta-

tionò ï 74.2% and 23.74%, respectively (see Table 3.10). 

 

Table 3.10. GHG emissions in category 1.A.3 ñTransportò, Mt of CO2-eq. 
Emission cate-

gory 
1990 1995 2000 2005 2010 2012 2014 2016 2017 2018 2019 2020 2021 

1.A.3 Transport 

total, including: 

111.7

9 
49.22 34.55 39.19 40.20 39.36 35.89 32.89 

34.9

4 

34.9

6 

37.7

3 

31.8

1 

33.6

7 

1.A.3.a Civil Avi-

ation 
0.68 0.11 0.07 0.20 0.17 0.20 0.09 0.13 0.17 0.17 0.18 0.16 0.19 

1.A.3.b Road 

Transport 
61.37 20.73 15.78 22.16 28.89 29.10 26.73 23.96 

24.6

8 

24.7

2 

26.6

5 

23.3

7 

24.9

8 

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

1.A.3.d Waterway 

Transport 
3.27 0.43 0.20 0.20 0.10 0.08 0.06 0.08 0.08 0.08 0.08 0.08 0.08 

1.A.3.e Other 

types of transport 
42.64 26.63 17.12 15.75 10.49 9.60 8.55 8.24 9.45 9.41 

10.2

3 
7.78 7.99 

 

Changes in the structure of emissions from fuel combustion in the period of 1990-2021 in 

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

 

 
Fig.3.7. Changes in the structure of emissions from fuel combustion in category 

1.A.3 ñTransportò, % 

3.2.9.2 Methodological Issues 
 

Activity data of fuel consumption by CRF category at mobile fuel combustion for 2021 are 

presented in Table A2.3. 

Because of absence of some statistical information for 2021 the missing data were calculated 

on the basis of 2020 data using such drivers as import of fuels for categories 1.A.3.b and 1.A.3.e.ii 

and NG consuming for pipeline NG transportation for category 1.A.3.e.i. GHG emissions in 2021 in 

categories 1.A.3.c and 1.A.3.d are assumed to be equal to GHG emissions in 2020. 
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3.2.9.2.1 Civil Aviation (CRF category 1.ɸ.3.ʘ) 
 

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 plants 

at airports. 

Emission estimation was conducted separately for aircraft equipped with jet and turboprop 

engines, which use jet fuel and those equipped with piston engines, in which aviation gasoline is used. 

For more details on the technique of estimating GHG emissions from air transport, as well 

as the raw data, see Annex A2.7. 

GHG emissions from domestic aviation in 2021 amounted to 189,60 kt of CO2-eq, which is  

16.5% higher than in 2020 and 72.21% lower than in 1990. For trends on GHG emissions from do-

mestic and international aviation see Fig. 3.8.  

 

Fig. 3.8. GHG emissions from domestic and international aviation, 1990-2021 

 

Estimation of CO2 emissions from jet kerosene was held under the method corresponding 

to Tier 3; of CH4 and N2O ï Tier 2; from aviation gasolineï to Tier 1, in accordance with [1]. The 

departure database (DDB) was provided by State enterprise of air traffic services of Ukraine. 

 

3.2.9.2.2 Road Transportation (CRF category 1.ɸ.3.b) 
 

This category includes emissions from combustion of fuel by road transport, including ve-

hicles owned by individuals. 

In category 1.A.3.b ñRoad Transportò, GHG emissions in 2021 amounted to 24.98 Mt of 

CO2-eq., which is 6.9% higher than the same indicator in 2020, and decreased by 59.3% compared 

with 1990. GHG emissions, as well as their structure by fuels used are presented in Fig. 3.9.  
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Fig. 3.9. GHG emissions in category 1.A.3.b ñRoad Transportò by fuels, for 1990-2021, 

kt of CO2-eq. 

 

Emissions in the category for the entire time series of 1990-2021 were calculated based on 

data on energy use of fuels according to form 4-MTP, as well as on data on sale of gasoline and gas 

oil to population through the network of petrol stations [16-29] taking into account the analytical 

study [14] using the balance sheet method and the national carbon content coefficients for gasoline, 

diesel and LPG which corresponds to Tier 2 for CO2 emissions and Tier 1 for other gases according 

to [1]. More details on the methodological aspects used in the categories are described in Annex 

A2.4.2 and A2.6.3. 

This approach to GHG inventory in category is due to the fact that national energy statistics 

is the only reliable source of data, allowing properly allocate data on use of fuels in motor vehicles 

without distorting the balance of different types of fuels. 

Due to the changes in the form 4-MTP in 2016 the fuel volumes for 2016 - 2021 were cal-

culated by surrogate method on the basis of 2015. 

National circumstances for 2014 - 2021 are provided in Annex A2.10.  

 

3.2.9.2.3. Railways (CRF category 1.ɸ.3.c) 
 

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 electricity needed for electric train drives. 

In 2021, emissions in the category amounted to 0.42 Mt of CO2-eq., which is equal to that 

in 2020, and to the baseline 1990 ï decreased by 9.1 times.  

Emissions in this category were evaluated using the procedure described in Annex 2.4. The 

method for estimating emissions corresponds to Tier 2 for CO2 emissions from diesel combustion 

and tier 1 ï for non-CO2 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 2008 ï a decrease in 

industrial production and, accordingly, decline in demand for freight transportation.  

National circumstances for 2014 - 2020 are provided in Annex A2.10. 

 

3.2.9.2.4 Navigation (CRF category 1.ɸ.3.d) 
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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 desig-

nation H50 ñWaterway Transportò. 

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: 

ὊὅȢȢȢ Ὂὅ ὯȢȢȢ;                                             (3.3) 

Where: 

 FC1.A.3.d  is consumption of fuels by domestic waterway transport (gasoil, fuel oil), tons; 

FCH50 - consumption of fuels by TEA H50 ñWater Transportò for transportation needs (gasoil, fuel 

oil), tons; 

k1.A.3.d  - the factor of fuel distribution into coastal transportation, in relative terms, which is defined 

by the following expression: 

ὯȢȢȢ  ;                                                            (3.4) 

Where: 

 PRh  is the volume of cargo transportation by domestic river transport, kt; 

PSh is 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 yearbooks [16-29]. 

In 2021, emissions in category amounted to 83,19 kt of CO2-eq which is equal to that in 

2020 and to the baseline 1990 - having decreased by 39.3 times. GHG emissions from domestic and 

international navigation for 1997 - 2021 are presented in the Fig.3.10. 

 

 
Fig. 3.10.GHG emissions from domestic and international navigation, 1997-2021 

 

The correlation between cargo turnover and GHG emissions are presented in the Fig.3.11. 
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Fig. 3.11The fluctuations in navigation were due to fluctuations in national economy.  

 

National circumstances for 2014 ï 2021 are provided in Annex A2.10. 

 

3.2.9.2.5 Other Types of Transportation (CRF category 1.ɸ.3.e) 
 

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 activities of off-road vehicles. 

Pipeline Transportation (CRF category 1.A.3.e.i). This sub-category includes emissions 

from combustion of natural gas by drives of gas pumping units of gas mains. The volume of this gas 

was determined according to data of the SC ñUkrtransgazò, NJSC ñNaftogazò and SSSU. 

In 2021, emissions in the sub-category amounted to 1,63 Mt of CO2-eq., having decreased 

with respect to 2020 by 10.76% and to the baseline 1990 ï decreased by 82.49%. 

Estimation of CO2 emissions in the sub-category was held under the method corresponding 

to Tier 2 in accordance with [1] and for non-CO2 gases - to Tier 1. 

Off-Road Transport (CRF category 1.A.3.e.ii). This category includes emissions from fuel 

combustion for the drive of the so-called in-house transport of all sectors of the economy. In-house 

transport, in particular, includes heavy vehicles of mining enterprises. 

This category also includes emissions from fuel combustion in drives of combines, tractors, 

and other machinery used in field of agricultural work, regardless of the sectors of the economy in 

which they are used. 

In 2021 emissions in the sub-category amounted to 6.36 Mt of CO2-eq., which is 6.9% higher 

than the same indicator in 2020, and to the baseline 1990 - decreased in 5.23 times. 

Estimation of CO2 emissions in the sub-category was held under the method corresponding 

to Tier 2 for CO2 emissions from gasoline, diesel and LPG combustion and Tier 1 ï for non-CO2 

emissions in accordance with [1] for all greenhouse gases. 

Due to the changes in the form 4-MTP in 2016 the Off-Road Transport fuel volumes were 

calculated by surrogate method on the basis of 2015. National circumstances for 2014 - 2021 are 

provided in Annex A2.10. 

 

3.2.9.3. Uncertainties and Time Series Consistency 
 

Uncertainties of activity data and emission factors are present in Table 3.11. 
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Table 3.11. Uncertainties of activity data and emission factors in category 1.A.3 ñTransportò 
Type of fuel 

 

Uncertainty of activity data. 

% 

Uncertainties of emissions factors. % 

CO2 CH4 N2O 

Liquid fuel 17.60 4.7 15.43 10.95 

 

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

The most significant impact on the overall uncertainty of GHG emission estimation in this 

category is produced by CO2 emission estimation uncertainty in the category 1.A.3.b ñRoad 

Transportò.  

 

3.2.9.4 Category-specific 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 together 

with the SSSU specialists. 

Methodology issues in category 1.A.3.b ñRoad Transportò were analyzed by specialized ex-

perts from SE ñDerzhavtotransNDIprojectò. 

 

3.2.9.5 Category-specific Recalculations 
 

In this category, no recalculations were made. 

 

3.2.9.6 Category-specific Planned Improvements 
 

The expecting recovery of road transport data base will give the opportunity to carry out 

appropriate calculations according to COPERT program. 

 

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

 

3.2.10.1 Category Description 
 

In 2021, GHG emissions in category 1.A.4 ñOther Sectorsò amounted to 19.08 Mt of CO2-

eq., which is equal to that in 2020, while in comparison with the baseline 1990 decreased by 81.3%. 

The key source of emissions in 2021 is sub-category 1.A.4.b ñResidential Sectorò, which 

accounted for approximately 94.6% of the total emissions (see Table 3.13).  

 

Table 3.13. GHG emissions in category 1.A.4 ñOther Sectorsò, Mt of CO2-eq. 

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

1.A.4 Other Sectors total, including: 102.01 66.35 40.50 42.55 39.46 38.99 32.73 28.12 30.78 27.99 22.32 19.08 19.08 

1.A.4.a Commercial/Institutional Sec-

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

1.A.4.b Residential Sector 59.46 41.53 33.80 37.72 36.52 36.02 30.77 25.80 27.48 25.09 19.85 18.06 18.06 

1.A.4.c Agriculture/Forestry/Fish-

ery/Fishing 
3.82 0.99 0.16 0.18 0.21 0.37 0.30 0.42 0.42 0.38 0.32 0.37 0.37 

The significant decreasing of emissions in the Commercial/Institutional and Residential sec-

tors during 1990-2000 is due to the collapse of the USSR, need to save energy and decrease of pop-

ulation. Then the fluctuations are connected with economic crisis and migration and decline of pop-

ulation.  
Changes in the structure of emissions from fuel combustion in category 1.A.4 are presented 

in the diagram (Fig. 3.12). 
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Fig. 3.12. Changes in the structure of emissions from fuel combustion in category 1.A.4 ñOther Sec-

torsò, % 

 

Changes in the structure of fuel consumption in subcategory 1.A.4.b ñResidential Sectorò 

are presented in the diagram (Fig. 3.13). 

 

 
Fig. 3.13. Changes in the structure of fuel consumption in subcategory 1.A.4.b ñResidential Sectorò 

 

3.2.10.2 Methodological Issues 
 

Emissions related to fuel combustion were evaluated using the procedure described in Annex 

2. National circumstances for 2014 - 2021 are provided in Annex A2.10. 

Because of absence of appropriate statistical information for 2021 GHG emissions in 2021 

in these categories are assumed to be equal to GHG emissions in 2020. 
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The GHG emissions were estimated on the basis of data on the amount of fuel burned used 

for own needs by the business sector and public administration bodies, which includes activities of 

hotels and restaurants, financial institutions, governmental bodies, education facilities, etc. A de-

tailed algorithm of source data determination is 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 for 

domestic needs of population. GHG emissions from individuals' vehicles are included in category 

1.A.3.b ñRoad Transportò. A detailed algorithm of source data determination is presented in Annex 

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 presented 

in Annex A2. 

 

3.2.10.3 Uncertainties and Time Series Consistency 
 

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

 

Table 3.14. Uncertainties of activity data and emission factors in category 1.A.4 ñOther Sec-

torsò 

Type of fuel Uncertainty of activity data, % 
Uncertainties of emissions factors, % 

CO2 CH4 N2O 

Liquid fuel 8.16 2 150 500 

Solid fuel 13.14 5 150 500 

Gaseous fuel 11.79 5 150 500 

Other types of fuels 30.00 5 150 500 

Biomass 30.44 5 150 500 

 

Quantification of the uncertainty was performed on the basis of the above uncertainty values 

of activity data and emission factors according the methodology of [1]. 

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

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

duced by CO2 emission uncertainty in category 1.A.4.b ñResidential Sectorò, mainly the uncertainty 

in consumption of gaseous fuel. This is due, primarily, to absence of individual meters at lots of 

private house-holds. 

 

3.2.10.4 Category-specific QA/QC Procedures 
 

The general quality control procedures [1] were applied, plus cooperation with the SSSU 

was established, and analysis of forms of statistical reporting containing the original data for GHG 

emission calculation was conducted together with the SSSU 's specialists. 

 

3.2.10.5 Category-specific Recalculations 
 

In this category, no recalculations were made. 

 

3.2.10.6 Category-specific Planned Improvements 
 

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

 

3.2.11.1 Category Description 
 

This category includes GHG emissions from sources not included in the other categories. In 

2021, GHG emissions in category 1.A.5 ñUnspecified Categoriesò amounted to 0.38 Mt of CO2-eq., 

which is 14.5% lower than in 2020 and to the baseline 1990 ï increased by 3.6 times (see Table 3.16).  

 

Table 3.16. Greenhouse gas emissions in category ñUnspecified Categoriesò, kt of CO2-eq. 
Cate-

gory 

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

1.ɸ.5 105.93 57.27 59.00 84.44 31.60 119.24 397.74 529.75 533.77 475.64 360.17 449.59 384,48 

 

3.2.11.2 Methodological Issues 
 

Emissions related to fuel combustion were evaluated using the procedure described in Annex 

2. Category 1.A.5 ñUnspecified Categoriesò includes emissions from use of fuels by the Armed 

Forces of Ukraine. 

 

3.2.11.3 Uncertainties and Time Series Consistency 
 

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

 

Table 3.17. Uncertainties of activity data and emission factors in category 1.A.5 ñUnspecified 

Categoriesò 

Type of fuel 
Uncertainty of activity 

data, % 

Uncertainties of emissions factors, % 

CO2 CH4 N2O 

Liquid fuel 5 2 150 500 

 

Estimated total GHG emission uncertainty in this category is 5.39%. 

 

3.2.11.4 Category-specific QA/QC Procedures 
 

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

 

3.2.11.5 Category-specific Recalculations 
 

No recalculations were performed in the category. 

 

3.3 Fugitive Emissions from Fuels (CRF 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 from 

flaring of hydrocarbons. In 2021 emissions in category 1.B ñFugitive Emissions from Fuelsò ac-

counted for 50.36 Mt of CO2-eq. or about 24.0% of the total emissions in the ñEnergyò sector, and 

decreased by 60.5% compared to 1990. From 2020, emissions in this category have increased by 

0.12%. More detailed information is presented in Fig. 3.14. 
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Fig. 3.14. Greenhouse gas emissions in category 1.B ñFugitive Emissions from Fuelsò 

(sectoral approach) 

 

In 2021, 22.2% of emissions in the category 1.B ñFugitive Emissions from Fuelsò were in 

the category ñSolid Fuelsò, and 77.8% - in the category ñOil and Natural Gasò (see Table 3.18). 

 

Table 3.18. Emissions in category 1.B "Fugitive Emissions from Fuels", Mt CO2-eq. 
Emission cate-

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

1.B Fugitive 

Emissions from 

fuels (total), in-

cluding: 

127.47 96.02 89.22 75.70 62.99 57.69 47.98 45.96 43.00 45.71 47.93 50.42 50.36 

1.B.1 Solid fuels 62.38 38.26 32.96 25.94 23.74 24.05 18.69 16.62 13.00 13.13 12.68 10.93 11.17 

1.B.2 Oil and 

Natural Gas 
65.09 57.77 56.26 49.76 39.25 33.64 29.29 29.34 30.00 32.58 35.26 39.49 39.19 

 

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

 

3.3.1.1 Category Description 
 

The key source of emissions in category 1.B.1 ñSolid Fuelsò is methane emissions that occur 

during extraction of coal at mines.  

 

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

 

3.3.1.2.1 Underground Mines 
 

In order to improve accuracy of GHG emission estimation in this category, until 2014 

Makiivka State Scientific and Research Institute for Safety in Mines (MakNDI) was involved and 

performed research work for the purpose of inventory of GHG emissions in the coal industry. Inven-

tory of methane emissions at Ukrainian mines was carried out based on results of measuring the actual 

flow rate of methane in outgoing air flows of gas mines and the production rate of methane captured 

by vacuum pump plants (VPP) on the surface, which corresponds to Tier 3 [1]. 

1.B.1.a.1.i Mining Activities. The volume of coal bed methane (including recovery and flar-

ing) from 1990 to 2000 are taken from [8]. For 2003 - 2012 information is taken from scientific 

research work [4] and shown in Table 3.19, for 2001 and 2002 - interpolation based on 2000 and 2003 
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and data on coal production. For calculation of emissions from 2013 to 2021 the surrogate data 

method was used based on 2012 and data on coal production for 2013 ï 2021 taken from the statistical 

form 1-P.   

In 2021, methane emissions from underground mining activities amounted to 438.49 kt and 

compared to 1990 they decreased by 82.3 %, and higher by 2.19% than the same indicator in 2020. 

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 well 

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

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

2003-2012. 

1.B.1.a.1.ii Post-Mining 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 (40-

60%) and chipped coal into the workspace of stope and conveyor (runway) drift (20-30%). 

The amount of released methane is registered by stationary monitoring devices in outgoing 

streams of the stope and production area. The amount of methane released from chipped coal during 

its transportation from the production areas to the shafts is registered by control devices in outgoing 

air flows of mines.  

Coal transportation onto the earthôs surface at highly productive mines usually does not ex-

ceed 8 hours. Thus, methane emissions from coal taking place during its transportation to the surface 

are accounted for in the category ñMining Activitiesò (CRF category 1.B.1.a.1.i). 

On the surface, methane continues releasing from coal, but measuring its production rate is 

not possible. According to [7], the coefficient accounting for the degree of degassing of chipped coal 

during the transportation time is determined by the formula: 

k = ʘʊʚ             (3.5) 

where: 

T is the time of transportation (degassing) of coal chipped from the coal array, min.; 

ʘ,ʚ  - coefficients characterizing the gas release rate from chipped coal, ʘ = 0.118, ʚ = 0.25 

The curve of the dependence of the degree of degassing of chipped coal and the transporta-

tion time shows that after 5156 min., i.e. 3.6 days, chipped coal is almost completely degassed. The 

key part (73%) of methane from the exposed surface of the coal bed developed is released during the 

first days after chipping of the array. Thus, the degree of coal grinding does not significantly influence 

the amount of methane released. 

Anthracite coal with the release of volatile substances from 3.0 to 9.0% (coal brand A, PA) 

has a low, compared to other coals (coal brands T, OS, D, Zh, G) degree of gas release, so its degas-

sing takes longer. Dependence of the degree of degassing of anthracite with the release of volatile 

substances from 3.0 to 9.0% on the transportation time has not been established to date [4]. 

The amount of methane emissions from coal after it is raised from the mine depends primar-

ily on the following factors: 

¶ the coal mass raised to the surface, tons; 

¶ the natural and final methane richness of the coal, m3/ton of dry ash-free mass; 

¶ the speed of the longwall's progress, m/day; 

¶ the length of stay of chipped coal in the mine, hours; 

¶ the duration of stay of chipped coal on the surface from the moment of raising to the 

surface till it is used, hours; 

¶ humidity of coal raised from the mine, %; 

¶ ash-content of coal raised from the mine, %. 

The amount of methane emissions from coal in the period after its production wasnôt con-

trolled and calculated. According to [1], to calculate methane emissions in the period after coal pro-

duction the amount of coal production should be multiplied by the corresponding emission factor. In 

2001, Donetsk Expert and Technical Center (DETC) of the State Mine Surveillance Committee con-

ducted a special study of the methane emission factor for the period after coal mining [8]. The general 

methane emission factor obtained as a result for all Ukrainian mines was 2.4 m3/t. Therefore, for 

estimation of methane emissions after coal mining at gas mines the emission factor of 2.4 m3/t is used 

in the inventory. 
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The amount of the post-mining methane emission factor set is close to the average value 

from the range recommended in [1]. 

Coal production is determined by multiplying the average daily production at gas mines of 

Ukraine by the number of working days per year in production, which is on average 354 days [4]. 

In 2021, post-mining methane emissions amounted to 48.2 kt and compared to 1990 they 

decreased by 77.4%, and is 2.25% higher than the same indicator in 2020. 

1.b.1.a.1.iii Abandoned Underground Mines. After completion of coal mining, methane re-

lease from the rock array under mining operations phases out, but it may remain at a relatively high 

level for a long time. Therefor after cessation of mines, ventilation and filling (flooding) of shafts, 

gas may accumulate in worked-out spaces under certain geological conditions, creating excessive 

pressure in them. Methane gradually fills in all the worked-out space, up to the top horizon, and then 

starts penetrating through fissured rocks and abandoned mines to the surface, into buildings and con-

structions. 

Inventory of methane emissions in mines of Ukraine was conducted by ñState Makeevka 

Research Institute for Labor Safety in Miningò based on actual measurements of methane flows in 

outgoing air streams of gas mines and the rate of methane production captured by VPPs on the sur-

face. For each gas mine, the data were taken from the orders establishing methane-based mine cate-

gories. The orders contain information about the actual average absolute mine methane content in 

view of captured methane in m3/min., the average annual consumption of methane captured by VPPs 

in m3/min., the average daily coal production in tons throughout the year. Calculation of CH4 emis-

sions from abandoned mines is calculated as the maximum total flow rate of methane measured in 

the course of the year (in m3/min) restated as annual emissions based on 365 days/year. 

For calculation of methane emission in this category for 2013-2021 the surrogate data 

method based on 2012 information was used. The amount of GHG emissions was evaluated being 

inversely to coal mined in 2013 - 2021 respectively. 

Methane emissions from abandoned underground mines in 2021 amounted to 4.21 kt, which 

is 29.8% lower than in 1990 and 2.22% lower than in 2020. 

 

3.3.1.2.2 Surface Coal Mining 
 

In determining methane emissions from coal mines conducting surface coal mining, data of 

the companies were used, while emission factors were used by default in accordance with [1], namely: 

¶ 1.2 m3/t - for open-pit coal mining; 

¶ 0,1 m3/t - for coal processing and transportation (in open-pit mining). 

 

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

This category includes CO2 emissions associated with the loss of coke oven gas in the pro-

cess of coke production. 

Until 2013 the amount of coke oven gas losses was taken from column 6 ñLosses caused by 

the lack of accounting, non-use, and due to other factorsò, section 5 ñLosses of energy materials and 

products of oil refining in extraction, production, transformation, processing, transportation, and dis-

tributionò in form 4-MTP. For calculation emission in this category from 2014 to 2021 the surrogate 

data method was used based on 2013 and data on coke production for 2015 ï 2021. 

The carbon content is taken by default in accordance with [1], and the NCV - in accordance 

with statistical form 11-MTP. 

Carbon dioxide emissions associated with loss of coke oven gas in production of coke in 

2021 amounted to 165.36 kt, which is 60.2% lower than in 1990 and 2.2% lower than in 2020. 

 

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

This category includes CO2 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 2003-

2012. The surrogate data method was used based on 2012. GHG emissions were estimated according 
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to equation 5.2 (vol. 2, chap. 5) [1], on the basis of activity data indicated in the Table 3.19. In 2021 

emissions in the sub-category amounted to 40.1 kt of CO2-eq. which is 2.24% higher than the same 

indicator in 2020 
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Table 3.19. The amount of coal mine methane utilization in Ukraine, 2003-2012 

# Mine 
Amount of utilized methane, thousand m3/year 

Note 
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

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

2 
 named after V.Bazhanov  

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

3 
 "Holodna Balka"  

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

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

5 
 named after S.Kirov  

 SE "Makeevugol" 
975 880 790 740 1120 1020 840 1800 944.19 205.83 Boiler room  

6 
 "Kalynovska East"  

 SE "Makeevugol" 
- - - 710 - - - - - - Boiler room 

7 
 named after M.Kalinin  

 SE "DVEK"  
1130 1130 1132 1132 1132 1132 1132 1132 1132 - Boiler room 

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

9 
 "Scheglovska Hlyboka"  

 m/a "Donbass"  
2256 4177 4590 5530 7957 9131 

12324 8704 8893 4481.76 Boiler room, shaft heating  

1400 1096 1259 3634 Flaring  

   3278 Gasifier 

10 
 No.22 "Komunarska"  

 m/a "Donbass"  
     

 4630 6500 13100 13600 Flaring 

 2189 3400 2600 4800 Gasifier  

300 683 1400 1500 3100 Boiler room 

11  m/a "Pokrevske" 

 8919 18084 17013 20025 14805 14658 19473 11971 6207.2 Boiler room 

        - 16153.4 Cogeneration 

        5468 1287.3 Flaring 

12  "Komsomolets Donbassa" 
     1522 5859 7569 8257 9194.16 Flaring 

       2295 2613 2297.5 Boiler room 

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

14 
 "Sukhodolska Vostochnaya" 

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

15 
 named after N. P. Barakov 

 PJSC "Krasnodonugol" 
5282 5282 6685 5945 5240 5134 3772 4916 4263 4755.14 Boiler room 

16 
 "Molodogvardiiska" 

 PJSC "Krasnodonugol" 
       580 2738 2879.1 Flaring 

17 
 "Samsonovska Zapadnaya" 

 PJSC "Krasnodonugol" 
      1140 2175 6470 6711.46 Flaring 

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

  Total, thousand m3 25333 40263 54101 82887 120214 99225 119209 143044 149018.43 145825.24  
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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 of correctness of its distribution in mine workings are performed at gas mines 

of Ukraine. At high-category and hazardous mines due to sudden outbursts, daily monitoring of gas 

release is conducted. 

All VPPs, continuous automatic monitoring of methane content is conducted. Lots of mines 

are equipped with stationary captured gas mixture flow measurement devices.  

The uncertainty of the results of methane emission from mines estimates is 14.84%. Uncer-

tainty of carbon dioxide emissions is estimated as 10.55%. 

The key contribution into the uncertainty is made by the uncertainty of estimates of methane 

emission at mining and handling, above all - the uncertainty of methane emission factors for under-

ground coal mining. 

 

3.3.1.6 Category-specific 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 Makeevka 

Research Institute for Labor Safety in Mining provided in 2014.  

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

 

3.3.1.7 Category-specific Recalculations 
 

In this category, no recalculations were made. 

 

3.3.1.8 Category-specific Planned Improvements 
 

In this category, no improvements are planned. 

 

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

Emissions in this category are related to leaks from exploration, extraction, transportation, 

processing, storage, and consumption of oil and natural gas. 

 

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

 

3.3.2.1.1 Category description 
 

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

indication for 2020. 

There are 6 refinery enterprises in Ukraine. Up to 2009 they all worked. But during 2009-

2012 five of them were stopped. Now only one refinery is working. The information on crude oil 

refined by this enterprise is confidential. So in view of inventory developers the default EFs are jus-

tified. In 2021 the volume of oil pumping amounted to 1648 kt. The volume of oil transit through the 

country amounted to 12700 kt and for the needs of the country ï 3000 kt. The oil pipeline system 

includes 19 pipelines up to 1220 mm in diameter with a total length of 3507 km, 28 oil pumping 

stations (176 stations units), 79 in-service tanks and offshore oil terminal ñYuzhnyò. Input system 

capacity is 114 Mt/year, output ï 56,3 Mt/year. 

In 2021, GHG emissions in the category amounted to 1.71 Mt of ʉʆ2-eq. The decrease with 

respect to 1990 is 59.8% and to 2020 - 1.2%. 

 

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

To estimate emissions in this category were used average Tier 1 default emission factors that 

presented in Table 3.21. 

Oil transportation in Ukraine is carried out only by pipelines. So, the default emissions fac-

tors for transportation of oil by the pipeline were used according to [1].  The transformation of the 

amount of transported oil from mass units used by oil transportation enterprises into volumetric units 

was conducted based on the density of the Urals export blend - 0.865 t/m3 and Azeri Light ï 0.855 

t/m3.  

CH4 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, therefore CH4 emis-

sions during transportation and distribution of petroleum products were not estimated. In the absence 

of approved IPCC methodologies, CO2 emissions for this type activity were not estimated either.  

 

Table 3.20. Activity data for emission estimation in the category ñOilò (1.B.2.a) 

Year 
Oil production, 

Mt  

The volume of oil transporta-

tion through main pipelines, 

Mt  

The volume of oil processing 

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 13.4 

1999 2.7 65.2 11.0 

2000 2.6 64.0 9.1 

2001 2.6 63.6 16.1 

2002 2.6 48.0 20.2 

2003 2.8 56.7 21.9 

2004 3.0 55.3 22.0 

2005 3.1 46.7 18.4 

2006 3.3 44.9 14.4 

2007 3.3 50.9 14.1 

2008 3.2 41.0 10.8 

2009 2.9 38.5 11.2 

2010 2.6 29.8 11.3 

2011 2.4 25.2 8.9 

2012 2.3 17.3 4.7 

2013 2.2 17.6 3.7 

2014 2.1 16.9 3.0 

2015 1.9 16.8 2.7 

2016 1.6 14.6 2.8 

2017 1.5 16.0 3.6 

2018 1.6 15.4 3.9 

2019 2.1 15.5 3.8 

2020 2.2 15.7 4.1 

2021 1.7 15.7 4.1 
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Table 3.21. Emission factors for fugitive emissions from oil operation 

CRF  

category 

Category or sub-

category 

CO2 CH4 N2O NMVOC Units of meas-

ure min max average min max average min max average min max average 

1.B.2.a.1 

Exploration 

Well Drilling  1.0E-04 1.7E-03 9.0E-04 3.3E-05 5.6E-04 3.0E-04 ND 8.7E-07 1.5E-05 7.9E-06 

Gg per 103 m3 

total oil  

production 

Well Testing 9.0E-03 1.5E-01 8.0E-02 5.1E-05 8.5E-04 4.5E-04 6.8E-08 1.1E-06 5.8E-07 1.2E-05 2.0E-04 1.1E-04 

Gg per 103 m3 

total oil  

production 

1.B.2.a.2 

Production 
Conventional Oil 1.1E-07 4.3E-03 2.2E-03 1.5E-06 6.0E-02 3.0E-02 NA 1.8E-06 7.5E-02 3.8E-02 

Gg per 103 m3 

conventional oil 

production 

1.B.2.a.3 

Transport 
Pipelines 4.9E-07 5.4E-06 NA 5.4E-05 

Gg per 103 m3 

oil transported 

by pipeline 

*1.B.2.a.4 

Refining / 

Storage 

Refining 
- 

90 1400 745 
- - 

kg/PJ 

Storage Tanks 20 250 135 kg/PJ 

1.B.2.c.1.i 

Oil 

Conventional Oil 

/ Venting 
9.5E-05 1.3E-04 1.1E-04 7.2E-04 9.9E-04 8.6E-04 NA 4.3E-04 5.9E-04 5.1E-04 

Gg per 103 m3 

conventional oil 

production 

1.B.2.c.2.i 

Oil 

Conventional Oil 

/ Flaring 
4.1E-02 5.6E-02 4.9E-02 2.5E-05 3.4E-05 3.0E-05 6.4E-07 8.8E-07 7.6E-07 2.1E-05 2.9E-05 2.5E-05 

Gg per 103 m3 

conventional oil 

production 

NA ï Not Applicable. ND ï Not Determined ï in accordance with 2006 IPCC Guidelines 

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

 

3.3.2.2.1 Category description 
 

The 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 underground 

gas storages, 702 gas pumping units (including electric ones - 158) with the total capacity of 5.443 

MW, a developed system of gas distribution and gas metering  stations. The capacity of the gas trans-

portation system at the inlet is 287.7 billion m3 per year, at the outlet ï 178.5 billion m3 per year, 

including 140 billion m3 per year to the European countries. The transportation volume according to 

international contracts in 2020 amounted to 55.8 billion m3.  

Natural gas production in 2021 amounted to 20993.04 billion m3, which is 2.5% lower than 

the level of 2020. For 2021, the activity data about natural gas production was taken from the SSSU 

and taking into account the analytical study [26]. 

In 2021, GHG emissions in the category amounted to 37,27 Mt of ʉʆ2-eq., the decrease with 

respect to 1990 is 38.24%, and 0.72% lower than the same indicator in 2020.   

 

3.3.2.2.2 Methodological issues 
 

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

To estimate emissions in this category average Tier 1 default emission factors were used that 

presented in Table 3.23. 

Emissions from consumer leakages were calculated using the default factors according to 

1996 IPCC Guidelines. 

The methods of estimation of GHG emissions from transportation and distribution of natural 

gas are presented in section A2.8. 

 

Table 3.22. Activity data for emission estimation in the category ñNatural Gasò (1.B.2.b) 

Year 
Natural gas production, 

mln m3 

Household consumption of 

natural gas, bln m3 

Natural gas consumption by other 

consumers, bln m3 

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 220481 17.0 24.7 

2015 216731 12.3 20.0 

2016 217411 12.1 19.8 

2017 217611 12.3 18.5 

2018 225581 11.7 20.1 

2019 21996 9.2 19.3 

2020 21527 8.8 25.7 

2021 20993 8.8 25.7 

1 ï in view of analytical study [26] 

 

To calculate greenhouse gas emissions at transportation, distribution and consumption of 

natural gas, data on the composition of natural gas in the GTS of Ukraine received from PJSC 

ñUkrtransgazò, PJSC ñUkrgazvydobuvannyaò and JSC ñTransmission System Operator of Ukraineò 

(see A2.6.1, A2.8) were used. 

Because of absence of some statistical information for 2021 GHG emissions in 2021 in cat-

egories 1.B.2.b.4) and 1.B.2.b.5) are assumed to be equal to GHG emissions in 2020 taking into 

account similar conditions in terms of production, consuming, COVID impact. 
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Table 3.23. Emission factors for fugitive emissions from gas operation 

CRF category 
Category or 

sub-category 

CO2 CH4 N2O NMVOC Units of 

measure min max average min max average min max average min max average 

1.B.2.b.1  Exploration 

Well Drilling 1.0E-04 1.7E-03 9.0E-04 3.3E-05 5.6E-04 3.0E-04 ND 8.7E-07 1.5E-05 7.9E-06 

Gg per 

103 m3 

total oil 

produc-

tion 

Well Testing 9.0E-03 1.5E-01 8.0E-02 5.1E-05 8.5E-04 4.5E-04 - 1.2E-05 2.0E-04 1.1E-04 

Gg per 

103 m3 

total oil 

produc-

tion 

1.B.2.b.2  Production 

Gas Produc-

tion / Fugi-

tives 

1.4E-05 1.8E-04 9.7E-05 3.8E-04 2.4E-02 1.2E-02 NA 9.1E-05 1.2E-03 6.5E-04 

Gg per 

106 m3 

gas pro-

duction 

1.B.2.b.3  Processing 

Gas Pro-

cessing / Fugi-

tives 

1.5E-04 3.5E-04 2.5E-04 4.8E-04 1.1E-03 7.9E-04 NA 2.2E-04 5.1E-04 3.7E-04 

Gg per 

106 m3 

raw gas 

feed 

*1.B.2.b.6  Other 

Non-residen-

tial Gas Con-

sumed 

- 175000 384000 279500 - - kg/PJ 

Residential 

Gas Con-

sumed 

- 87000 192000 139500 - - kg/PJ 

1.B.2.c.2.ii  Gas 

Gas Produc-

tion / Flaring 
1.2E-03 1.6E-03 1.4E-03 7.6E-07 1.0E-06 8.8E-07 2.1E-08 2.9E-09 1.2E-08 6.2E-07 8.5E-07 7.4E-07 

Gg per 

106 m3 

gas pro-

duction 

Gas Pro-

cessing / Flar-

ing 

1.8E-03 2.5E-03 2.2E-03 1.2E-06 1.6E-06 1.4E-06 2.5E-08 3.4E-08 3.0E-08 9.6E-07 1.3E-06 1.1E-06 

Gg per 

106 m3 

raw gas 

feed 

NA ï Not Applicable. ND ï Not Determined ï in accordance with 2006 IPCC Guidelines 

* - 1.B.2.b.6   ï emission factors were taken by default according to 1996 IPCC Guidelines 
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3.3.2.3 Venting and Flaring (CRF category 1.B.2.c) 
 

The activity data used for emission estimation of venting at oil facilities and venting and 

flaring at gas facilities are the same as the activity data of 1.B.2.a and 1.B.2.b categories.  

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

Emissions from venting at gas facilities are included in 1.B.2.b.4 ñTransmission and storageò 

and 1.B.2.b.5 ñDistributionò. 

 

3.3.2.4 Uncertainties and time-series consistency 
 

The uncertainty of carbon dioxide emissions in the category is 10.81% and is associated with 

the uncertainty of factors of carbon dioxide emission from flaring at oil and natural gas production.  

The uncertainty of methane emissions is 24.06% and is caused, above all, by the uncertainty 

of methane emission factors for consumption of natural gas by industrial consumers and power plants. 

The uncertainty of nitrous oxide emissions is 8.88%. 

When estimating the uncertainty, data on the uncertainty of the emission factors presented 

in [1], were used, as well as data on the recommended ranges of emission factors [1]. 

 

3.3.2.5 Category-specific QA/QC procedures 
 

The general quality control procedures stipulated in [1], were applied. In determining the 

national emission factors, comparison of data from various literary sources was held, consultations 

with independent experts in the gas industry, as well as with specialists of the leading companies 

operating in the oil and gas industry were conducted. 

 

3.3.2.6 Category-specific recalculations 
 

In this category, no recalculations were made. 

 

3.3.2.7 Category-specific planned improvements 
 

In this category, the developing of country-specific EFs for sub-categories 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 of ex-territorial organizations. 

In this regard, in CRF category 1.D.2 ñMultilateral Operationsò, it is indicated that this activity does 

not take place. 
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4 INDUSTRIAL PROCESSES AND PRODUCT USE (CRF SEC-

TOR 2) 

 
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 from 

fuel combustion for heat and electricity production in manufacture of industrial products are included 

into the "Energy" sector, except for emissions from the energy and non-energy components of use of 

coke for pig iron production (2.C.1) and the energy and non-energy components of use of natural gas 

in ammonia production (2.B.1), according to 2006 IPCC guidelines [1] (Block 1.1, Chapter 1, Vol-

ume 3). And indirect N2O emissions calculated in accordance with 2006 IPCC guidelines [1] (Chapter 

7.3, Volume 1).  

GHG emissions was carried out for: 

¶ Mineral Production and Use; 

¶ Chemical Industry; 

¶ Metal Production; 

¶ Solvent and Non-Energy Product from Fuels Use; 

¶ Electronic Equipment Production;  

¶ Consumption of Substitutes for Ozone-Depleting Substances; 

¶ Other Production and Use; 

¶ Pulp Production and Food Industry. 

GHG emission data for Ukraine are presented in Table 4.1 

 

Table 4.1. GHG emissions in the sector Industrial Processes and Product Use 

Gas 1990 2020 2021 
 Change, % compared 

to 1990 to 2020 

CO2, kt 111084.50 48399.05 50000.68 -54.99 3.31 

CH4, kt CO2-eq. 1 206.97 3455.74 3896.96 222.87 12.77 

N2O, kt CO2-eq. 5 671.54 2352.47 2511.81 -55.71 6.77 

HFC, kt CO2-eq. - 1751.50 1901.02 - 8.54 

PFC, kt CO2-eq. 235.819 - - - - 

SF6, kt CO2-eq. 0.007631 43.35 48.94 641195.00 12.9 

Total direct action greenhouse gases, kt 

CO2-eq. 
118 198.83 56002.11 58359.4 -50.63 4.21 

Total direct action greenhouse gases, % 

of total emissions (without LULUCF) 
12.5 17.61 17.83 - - 

NOx, kt 40.89 23.73 24.78 -39.40 4.41 

CO, kt 69.36 34.58 36.45 -47.45 5.41 

NMVOC, kt 460.01 105.87 111.15 -75.84 4.99 

SO2, kt 149.09 53.76 57.25 -61.60 6.49 

Indirect N2O, kt CO2-eq. 4.89 2.84 2.96 -39.40 4.41 

 

Fig. 4.1 presents diagrams for emissions of CO2, CH4, and N2O, and Fig. 4.2 - in the major 

categories of the sector, respectively, in production and use of mineral products, production of chem-

ical products, and manufacture of metals (including emissions of perfluorocarbons from aluminum 

production) and non-energy product from fuels, other nitrous oxide a hidrofluorocarbonates and sul-

phur hexafluoride use. 
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Fig. 4.1. Emissions of CO2, CH4, and N2O in the sector Industrial Processes and Product 

Use, kt CO2-eq 

 

 
Fig. 4.2. Direct action greenhouse gas emissions in the major categories of the sector Indus-

trial Processes and Product Use, kt CO2-eq 

 

Emissions in IPPU sector increased by 4.2% compared to last year, due to growth in indus-

trial production in Ukraine by 1.1% according to the data of SSSU. The production in the metal 

industry increased by 5.2%, chemical industry decreased by 18.8%, and production of mineral prod-

ucts shows the growth by 7.5% which are the main sources of emissions in this sector.  Emissions in 

the sector compared to the baseline year have decreased significantly due to a reduction in production 

output caused by the collapse of the USSR. Data on GHG emissions in the sector Industrial Processes 

and Product Use for the entire reporting period are shown in Table A3.1.1.1, Annex 3. Among all the 

categories, the greatest amount of CO2 emissions is observed in production of pig iron and steel, 

ferroalloys, ammonia, cement, and lime. CH4 emissions in the industrial sector are mainly associated 

with chemical products and pig iron production, and N2O emissions  - with nitric acid production and 

use of nitrous oxide for medical purposes.  
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Fig. 4.3 shows the precursor and SO2 emission diagrams in the sector Industrial Processes 

and Product Use. 

 

 
Fig. 4.3. Indirect action greenhouse gases and SO2 emissions in the sector Industrial Pro-

cesses and Product Use, kt 

 

4.2 Mineral Industry (CRF category 2.ɸ) 
 

Emissions in this category are related with use of carbonate raw materials in the production 

and use of a variety of mineral industry products such as Cement, Lime, Glass and Ceramic produc-

tion as well as Soda ash use. The main CO2 emissions occurs in all this categories as well SO2 and 

NMVOC from Cement and Glass production respectively. The key sources of CO2 emissions are 

Cement and Lime production where the emmisions occurs from the processes related with clinker 

and lime production, the correlation of CO2 emissions and amounts of these products production are 

shown on fig 4.4. 

 

 
Fig. 4.4. CO2 emissions from Key categories in Mineral industry, kt 

 

Emissions from Glass and Ceramic production as well as from Soda ash use are not shown 

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 and they are not 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 (CRF category 2.ɸ.1) 
 

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 and 

gravel. The raw material for cement production is the mixture of minerals consisting of calcium ox-

ide, silicon oxide, aluminum oxide, and iron oxide. The basic composition of the raw material - 

limestone, chalk, marl, clay shale, or clay. 

The main chemical processes in cement production start with dissolution of calcium car-

bonate at the temperature of 900ęC, resulting in formation of calcium oxide (CaO), and released 

carbon dioxide (CO2). This is followed by the clinker production process: at high temperatures (typ-

ically 1400-1500ęC), calcium oxide reacts with silicon dioxide, aluminum oxide, and iron oxide 

forming silicates, aluminates, and calcium ferrites, which constitute the clinker. After that, clinker is 

rapidly cooled. 

Carbon dioxide (CO2) is released as a byproduct of the carbonate calcination reaction. In 

production of cement, SO2 emissions also occurs. 

Cement in Ukraine is produced by 12 enterprises-producers. Most of the enterprises-pro-

ducers work basing on imported clinker. Projects that promote emission reduction have been imple-

mented at a number of the enterprises-producers. These projects introduce use of alternative raw 

materials (ARM) that do not contain carbonates (use of blast furnace slag, peat, waste tires etc.) and 

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 2012 - 2021 was due to decrease in use of 

non-carbonate raw material components in the production and the fact that some of the enterprises 

use imported clinker. 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 2021 
Category code 2.ɸ.1 

Cement production, kt 11403.4 

Clinker production, kt 8175.13 

CaO content in clinker, % 65.94 

MgO content in clinker, % 1.34 

Gases ʉʆ2 SO2 

Emissions, kt 4338.53   3.42 

Change in emissions compared to the previous year,% 6.73 12.52 

Change in emissions compared to the baseline year,% -53.85 -49.83 

Emissions, % of the total emissions in the sector 8.68 5.97 

Emissions, % of the total direct action GHG emissions in the sector 7.43  

Key category ( "l" - level, "t" - trend) L/T  

Detail level (Tier) 2 1 

Correction factor for cement kiln dust, p.u. 1.02  

Emission factor, t/t 0.520 0.0003 

Conditioned emission factor, t/t 0.531  

Method for determination of the emission factor CS  

Uncertainty of activity data, % 1.7  

Uncertainty of the emission factor, % 5.408  

Uncertainty of the emission estimation, % 5.734  

 

Activity data, emission factors, and GHG emissions throughout the time series in this cate-

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 CO2 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 and Ukrainian Association of Enterprises and Organizations of Cement Industry "Ukrce-

ment". Data about cement production were obtained from SSSU [2]. For 2014 - 2021, the analytical 

study, which includes different approaches, particularly extrapolation, expert judgement and other 

math and statistical mʝthods [19] was taken into account in adjustment of amounts of cement and 

clinker production. Emission factor was derived, based on Tier 2 method, taking into account 

CaO(65.94%) and MgO(1.34%) content of the clinker and, as well as the fraction of CaO and MgO 

of non-carbonate raw material components (1.35 and 0.0%) for 2021 respectively which were ob-

tained from enterprises-producers. Cement kiln dust correction factor (CKD) was determined by de-

fault according to 2006 IPCC Guidelines [1]. 

Decrease in use of volumes of non-carbonate raw material components in production of 

clinker at the enterprises-producers resulted in an increase of CO2 emission factors in 2013 ï 2018. 

In accordance with data obtained from enterprises-producers starting from 2019 the non-carbonate 

raw material components use was resumed. 

SO2 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 of 

SO2 per ton of cement. 

 

4.2.1.3 Uncertainties and time series-consistency 
 

The key factors that determine the uncertainty in cement production are: 

¶ accuracy of results of the chemical analysis of clinker composition, which influences the 

uncertainty of the emission factor; 

¶ accuracy of analysis of the CKD amount returned to the kiln.  

¶ 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 of 2-5%. Uncertainty of the CO2 emission factor at clinker production is taken 

to be 5.408% based on analysis of the content of CaO and MgO in clinker, as well as the CKD cor-

rection factor uncertainty of 0.859%.  

The uncertainty of activity data in accordance with [1] was taken at the level of 1.7%, the 

overall uncertainty of CO2 emission estimation at cement production in Ukraine can be set at the level 

of 5.734%. 

 

4.2.1.4 Category-specific 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: 

¶ comparison of data of cement and clinker production provided by SSSU with data of the 

enterprises-producers and Ukrainian Association of Enterprises and Organizations of Ce-

ment Industry "Ukrcement";  

¶ comparison of the national CO2 emissions factors with the default emission factors. 

 

4.2.1.5 Category-specific recalculations 

 
In 2021 in this category recalculation of CO2 and SO2 emissions for 2015 - 2020 was made 

due to adjustment of the data of cement and clinker production and the data of non-carbonate raw 

material components use and CaO and MgO content respectively according to the data obtained from 

enterprises.  
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Table 4.3 Recalculation of emissions from cement production in 2021. 
2.A.1 Cement Production 2015 2016 2017 2018 2019 2020 

CO2 

EF (before recalculating) 0.540584 0.541742 0.54295 0.542851 0.528 0.524 

EF (after recalculating) 0.540583 0.541740 0.54294 0.542853 0.530 0.531 

Difference.% -0.00022 -0.00048 -0.0025 0.00042 0.55 1.49 

Emissions (before recalculating). kt 3277.52 3622.85 3543.39 3718.73 3947.16 4026.97 

Emissions (after recalculating). kt 3277.51 3626.99 3557.11 3716.22 3960.57 4064.9 

Difference.% -0.0002 0.1142 0.3871 -0.0676 0.3398 0.9420 

SO2 

EF (before recalculating) 2.65 2.7296 2.835 2.839 2.882 3.061 

Emissions (before recalculating). kt 2.65 2.7335 2.848 2.837 2.874 3.04 

Difference.% 0.0 0.143 0.456 -0.084 -0.276 -0.69 

 

4.2.1.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.2.2 Lime Production (CRF category 2.ɸ.2) 

 

4.2.2.1 Category description 

 
Lime is used in construction, agriculture, and industry for steel, magnesium, copper, soda 

ash, and sugar production. 

According to data of the Ukrainian Association of Lime Industry, the overall structure of 

lime produced in 2021 is distributed as follows: 

¶ metallurgy - 71%; 

¶ sugar industry - 2%; 

¶ construction - 7%; 

¶ other - 20%; 

The largest consumer of lime is the metallurgical industry. The free lime market capacity 

in 2021 remained - approximately 675 kt of lime (slaked and quicklime), while its share of the total 

lime market increased to 23.4%.  

The reduction of slaked lime production in the period from 2011 to 2021 occurred as a re-

sult of changes in the market conditions - the reduced volume of slaked lime consumption as a final 

product in the construction industry, agriculture, and a reduction in the amount of slaked lime used 

for water softening in all industries. The inter-annual deviations that occurs in lime production in 

1990/1991 by 11.9% are conducted with reduction in production output caused by the collapse of 

the USSR in 1991, as well as increase in 2011 compared with 2010 by 18.5% are due to recovery in 

production after global financial and economic crisis in 2008-2009. The inter-annual changes in 

2013/2014  by 20.6% are coducted with the economic decrease as a result of the political crisis in 

Ukraine that began in 2013, which had a significant impact on production in this industry.    

The key process in lime production is calcination of limestone (CaCO3) and dolomite 

(CaCO3*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 calcium carbonates, 

mainly limestone. Slaked lime Ca(OH)2 is the product of quicklime hydration.  

CO2 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 4.4 shows the basic data on the results of 

GHG inventory in lime production. 

 

Table 4.4. The basic data on the results of GHG inventory in lime production in 2021.  
Category code 2.ɸ.2 

Lime production, kt 3088.61 

Emissions of CO2, kt 2353.13 
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Change in ʉʆ2 emissions compared to the previous year,%   1.39 

Change in ʉʆ2 emissions compared to the baseline year,%     -54.06 

Emissions, % of the total emissions in the sector 4.71 

Emissions, % of the total direct action GHG emissions in the sector 4.03 

Key category ( "l" - level, "t" - trend) L 

Detail level (Tier) 2 

Emission factor, t/t 0.775 

Method for determination of the emission factor T2 

Uncertainty of activity data, % 12 

Uncertainty of the emission factor, % 16.06 

Uncertainty of the emission estimation, % 20.07 

 

Activity data, emission factors, and GHG emissions throughout the entire time series in this 

category are shown in Table A3.1.1.3, Annex 3.1.1. 

 

4.2.2.2 Methodological issues 

 
CO2 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 [2], with 

using analytical study, which includes different approaches, particularly extrapolation, expert judge-

ment and other math and statistical mʝthods [19] for adjustment of the amounts of lime production in 

2014 - 2021. The ratio between volumes of production of lime with a high content of calcium and 

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 taken as 28%, in 

accordance with [1]. 

The total emission factors are not equal to the constant value, as quicklime and slacked lime 

activity is slightly different, and the ratio of quicklime and slacked lime changes from year to year. 

 

4.2.2.3 Uncertainties and time series-consistency 

 
The uncertainty of CO2 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 16.06%. 

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 at 12%. 

The uncertainty of the data of application of the correction factor for lime dust was taken at 

the level of 0.859%.  

The total uncertainty of CO2 emission from lime production estimation amounted to 20.07%. 

 

4.2.2.4 Category-specific 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 Ukrainian 

Association of Lime Industry; 

¶ analysis of the time series of activity data and CO2 emissions. 

 

4.2.2.5 Category-specific recalculations 
 

In this category, no recalculations were made. 

 

4.2.2.6 Category-specific planned improvements 
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In this category, no improvements are planned. 
 

4.2.3 Glass Production (CRF category 2.ɸ.3) 

 

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 key 

raw materials for glass production, use of which results in greenhouse gas emissions, are soda ash 

(Na2CO3), limestone, (CaCO3), and dolomite (CaCO3*MgCO3). When assessing GHG emissions 

from glass production, emissions from use of limestone and dolomite, as well as emissions from use 

of soda ash in glass production are accounted for. 

In the process of glass production, take place CO2 and NMVOC emissions. Table 4.5 shows 

the basic data on the results of GHG inventory in glass production. 

 

Table 4.5. The basic data on the results of GHG inventory in glass production in 2021. 
          Category code         2.ɸ.3 

Glass production, kt 1496.4 

Gas ʉʆ2 NMVOC 

Emissions, kt 283.14 6.73 

Change in emissions compared to the previous year, % 7.87 10.78 

Change in emissions compared to the baseline year, % 51.39 50.39 

Emissions, % of the total emissions in the sector 0.57 11.76 

Emissions, % of the total direct action GHG emissions in the sector 0.49  

The key category No  

Detail level (Tier) 3 1 

Emission factor, t/t 0.189 0.0045 

Method for determination of the emission factor CS D 

Uncertainty of activity data, % 6.636  

Uncertainty of the emission factor, % 2.31  

Uncertainty of the emission estimation, % 7.027  

 

Activity data, emission factors, and GHG emissions throughout the entire time series in this 

category are shown in Table A3.1.1.4, Annex 3.1.1. 

 

4.2.3.2 Methodological issues 

 
The amount of glass produced was taken in accordance with data obtained from SSSU [2] 

and data obtained from the enterprises-producers with using analytical study, which includes different 

approaches, particularly extrapolation, expert judgement and other math and statistical mʝthods [19] 

for adjustment of the amounts of glass production in 2014 - 2021. The greatest amount of CO2 emis-

sions in glass production is due to production of flat glass, cans and bottles. Statistics data about 

window glass production in Ukraine have been confidential since 2004. Therefore, NIR provides 

information on the total amount of glass produced and the total CO2 emissions. 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 scientific-research work "Development of meth-

ods for estimation and determination of carbon dioxide emissions from limestone and dolomite use" 

[8] was used, the findings of which were applied to improve accuracy of emission estimates for lime-

stone and dolomite use. A research of activity data and national CO2 emission factors for glass pro-

duction was conducted, findings of which made it possible to specify the inventory data by specifying 

the content of CaCO3 and MgCO3 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 for 

the different years. The soda ash content in furnace charge was obtained from the manufacturing 

enterprises by each type of glass To avoid double accounting of soda ash use in Ukraine the amounts 
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of soda ash used for glass production were excluded from category 2.A.4.b. Other Process Uses of 

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 series-consistency 

 
The key factors of the uncertainty in glass production are: 

¶ use of the average estimation of the weight of bottles and cans to determine their produc-

tion in weight units; 

¶ CaCO3 and MgCO3 content in limestone and dolomite; 

¶ specific consumption of the furnace charge. 

As a result of the scientific-research work [8], the uncertainty of activity data in glass pro-

duction is set at 6.636%, and the uncertainty of CO2 emission factors - at the level of 2.31%. Thus, 

the uncertainty of CO2 emission from glass production amounts to 7.027%. 

 

4.2.3.4 Category-specific QA/QC procedures 
 

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

 

4.2.3.5 Category-specific recalculations 
 

In 2021 in this category recalculation of CO2 emissions for 1990-2020 was made due to 

adjustment of the data of soda ash content in furnace charge in glass production according to the data 

obtained from enterprises, as well as CO2 and NMVOC emissions in 2020 due to correction of the 

data of glass production according to the data obtained from SSSU [2].  

 

Table 4.6 Recalculation of emissions from glass production in 2021. 
2.A.3 Glass Production 1990 1991 1992 1993 1994 1995 1996 1997 

CO2         

Emissions (before recalculating), kt 173.23 173.20 160.59 143.06 120.96 114.55 88.35 73.99 

Emissions (after recalculating), kt 187.02 187.00 173.66 155.17 131.22 124.31 95.27 80.19 

EF (before recalculating) 0.174 0.175 0.176 0.176 0.176 0.175 0.180 0.178 

EF (after recalculating) 0.188 0.189 0.190 0.191 0.191 0.190 0.194 0.193 

Difference, % 7.96 7.97 8.14 8.47 8.48 8.52 7.83 8.38 

2.A.3 Glass Production 1998 1999 2000 2001 2002 2003 2004 2005 

Emissions (before recalculating), kt 71.08 73.23 73.09 196.62 200.10 181.79 183.47 181.89 

Emissions (after recalculating), kt 77.04 79.16 79.12 215.29 216.23 197.27 198.28 196.83 

EF (before recalculating) 0.179 0.180 0.179 0.187 0.184 0.184 0.184 0.183 

EF (after recalculating) 0.194 0.195 0.194 0.204 0.199 0.199 0.198 0.198 

Difference, % 8.38 8.10 8.25 9.50 8.06 8.51 8.07 8.21 

2.A.3 Glass Production 2006 2007 2008 2009 2010 2011 2012 2013 

Emissions (before recalculating), kt 200.95 224.23 245.80 182.57 218.94 262.30 251.73 249.82 

Emissions (after recalculating), kt 217.80 243.50 265.33 196.79 236.00 282.54 271.52 270.42 

EF (before recalculating) 0.184 0.184 0.185 0.185 0.184 0.183 0.183 0.183 

EF (after recalculating) 0.200 0.200 0.200 0.199 0.198 0.197 0.197 0.198 

Difference, % 8.38 8.59 7.95 7.79 7.79 7.71 7.86 8.25 

2.A.3 Glass Production 2014 2015 2016 2017 2018 2019 2020 

 

Emissions (before recalculating), kt 239.17 218.72 228.10 245.43 240.22 258.88 261.11 

Emissions (after recalculating), kt 259.04 237.33 246.90 263.49 259.48 278.14 262.47 

EF (before recalculating) 0.182 0.185 0.185 0.184 0.183 0.184 0.181 

EF (after recalculating) 0.197 0.201 0.200 0.198 0.197 0.197 0.194 

Difference, % 8.31 8.51 8.24 7.36 8.02 7.44 7.38 

NMVOC  2020        

Emissions (before recalculating), kt 6.493 

Emissions (after recalculating), kt 6.078 

Difference, % -6.39 
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4.2.3.6 Category-specific planned improvements 

 
In this category, no improvements are planned. 

 

4.2.4 Other Process Uses of Carbonates (CRF category 2.A.4.) 

 

4.2.4.1 Ceramics Production (CRF category 2.ɸ.4.ʘ) 

 

4.2.4.1.1 Category description 
 

In this category, CO2 emissions from limestone (CaCO3) and dolomite (CaCO3*MgCO3) use 

in manufacture of ceramics are estimated. Table 4.7 shows the results of the GHG inventory for use 

of limestone and dolomite. 

 

Table 4.7. Basic data on CO2 emission inventory results for use of limestone and dolomite 

in 2021. 
         Category code          2.ɸ.4.a 

Type of product                Ceramics 

  Limestone   Dolomite  

Use, kt 8.92 90.94 

Production, kt 2789.72 

Emissions of CO2, kt 48.92 

Change in ʉʆ2 emissions compared to the previous year, % -14.53 

Change in ʉʆ2 emissions compared to the baseline year, % -56.23 

Emissions, % of the total emissions in the sector 0.098 

Emissions, % of the total direct action GHG emissions in the sector 0.084 

The key category No 

Detail level (Tier) 1 

Emission factor, t/t 0.0175 

Method for determination of the emission factor D 

Uncertainty of activity data, % 2.4 

Uncertainty of the emission factor, % 5.0 

Uncertainty of the emission estimation, % 5.5 

 

4.2.4.1.2 Methodological issues 
 

Data of ceramics production and limestone and dolomite use in manufacture of ceramics 

were taken based on data obtained from the producing companies and the SSSU [2], with using ana-

lytical study, which includes different approaches, particularly extrapolation, expert judgement and 

other math and statistical mʝthods [19] for adjustment of the amounts of ceramics production in 2014 

- 2021. Estimation of CO2 emissions in production of ceramics was performed in accordance with 

2006 IPCC Guidelines [1]. The activity data and estimation results are presented in Annex 3.2.3. 

The values of emission factors from limestone and dolomite use in ceramics production were 

taken by default in accordance with 2006 IPCC Guidelines [1]. 

 

4.2.4.1.3 Uncertainties and time series-consistency 

 
The uncertainty of data of limestone and dolomite use in ceramics production was set at 

2.4%. The uncertainty of CO2 emission factors was set at 5%. The uncertainty of emission estima-

tion in limestone and dolomite use in ceramics production amounts to 5.5%. 
 

4.2.4.1.4 Category-specific QA/QC procedures 
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General QA/QC procedures were applied for estimation of emissions from ceramic produc-

tion. 

 

4.2.4.1.5 Category-specific recalculations 

 
In 2021 in this category recalculation of CO2 emissions for 2015 - 2020 was made due to 

adjustment of the data of ceramics production according to the data obtained from enterprises.  

 

Table 4.8 Recalculation of emissions from ceramics production in 2021. 
2.A.4.a Ceramics Production 2015 2016 2017 2018 2019 2020 

CO2 

Emissions (before recalculating). kt 69.25 63.95 67.41 66.79 62.4 57.24 

Emissions (after recalculating). kt 68.77 63.68 66.93 66.23 61.91 57.72 

Difference.% -0.69 -0.41 -0.71 -0.75 0.77 0.85 

 

4.2.4.1.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.2.4.2 Other Uses of Soda Ash (CRF category 2.ɸ.4.b) 

 

4.2.4.2.1 Category description 
 

Soda ash (sodium carbonate Na2CO3) produces in Ukraine at one plant with using Solvay 

process (the synthesis process). Soda ash is widely used as a raw material in many industries, mainly 

in glass production, as well as in chemical industry and detergents production. The interannual devi-

ations in emissions from Soda Ash use are related with changes in soda ash consumption in ukrainian 

industries, such as Glass production and other industries related with soda ash use. Those changes are 

associated with sharp changes in amounts of import export and production of soda ash. Table 4.9 

shows the results of the GHG inventory in other soda ash use. 

 

Table 4.9. Basic data of CO2 emission inventory results for other soda ash use in 2021. 
         Category code            2.ɸ.4.b 

Soda ash use, kt 36.93 

Emissions of CO2, kt 15.33 

Change in ʉʆ2 emissions compared to the previous year,% 100.46 

Change in ʉʆ2 emissions compared to the baseline year,% -94.64 

Emissions, % of the total emissions in the sector 0.03 

Emissions, % of the total direct action GHG emissions in the sector 0.026 

The key category No 

Detail level (Tier) 1 

Emission factor, t/t 0.415 

Method for determination of the emission factor D 

Uncertainty of activity data, % 6 

Uncertainty of the emission factor, % 7.0 

Uncertainty of the emission estimation, % 9.2 

 

4.2.4.2.2 Methodological issues 
 

CO2 emissions from soda ash use were estimated in accordance with Revised Guidelines 

IPCC [5] (Tier 1) with default emission factor of CO2 emissions equal to 0.415 t CO2 / t soda ash use. 

Data of soda ash use was determined on the basis of balance equation with the use of data of 

soda production, export and import with using analytical study, which includes different approaches, 

particularly extrapolation, expert judgement and other math and statistical mʝthods [19] for adjust-

ment of the amounts of soda ash production in 2014 - 2021. 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 enterprise-pro-

ducer. To avoid double accounting of soda ash use in Ukraine the amounts of soda ash used for glass 

production were included to the category 2.A.3 Glass production. 

 

4.2.4.2.3 Uncertainties and time series-consistency 

 
The uncertainty of data of soda production, exports and imports obtained from statistic data 

was set at 6%. Taking into account the possibility of volatilization of a certain - amount of CO2 dur-

ing soda production with the Solvay process (according to [5], up to 8.4%), uncertainty of the de-

fault emission factor of CO2 emissions was taken at 7%. In this case the uncertainty of CO2 emis-

sion in soda ash use was taken 9.2%.  
 

4.2.4.2.4 Category-specific QA/QC procedures 

 
General QA/QC procedures were applied for estimation of emissions from soda ash use. 

 

4.2.4.2.5 Category-specific recalculations 

 
In 2021 in this category recalculation of CO2 emissions for 1990-2020 was made due to 

adjustment of the data of soda ash content in furnace charge in glass production which are included 

in category 2.A.3 Glass Production and excluded from this category according to the data obtained 

from enterprises.  

 

Table 4.10 Recalculation of emissions from Other Uses of Soda Ash in 2021. 
2.A.4.b Other Uses of Soda Ash 1990 1991 1992 1993 1994 1995 1996 1997 

CO2         

Emissions (before recalculating), kt 298.81 259.43 284.25 184.16 220.86 148.32 60.33 91.97 

Emissions (after recalculating), kt 285.84 246.44 271.95 172.77 211.21 139.14 53.85 86.15 

Difference, % -4.34 -5.01 -4.32 -6.19 -4.37 -6.19 -10.73 -6.33 

2.A.4.b Other Uses of Soda Ash 1998 1999 2000 2001 2002 2003 2004 2005 

Emissions (before recalculating), kt 79.50 77.01 99.56 47.26 63.53 51.20 91.45 105.11 

Emissions (after recalculating), kt 73.91 71.45 93.90 29.60 48.37 36.62 77.53 91.05 

Difference, % -7.04 -7.22 -5.68 -37.36 -23.86 -28.48 -15.22 -13.37 

2.A.4.b Other Uses of Soda Ash 2006 2007 2008 2009 2010 2011 2012 2013 

Emissions (before recalculating), kt 87.73 93.94 105.42 58.41 44.82 57.40 40.83 21.76 

Emissions (after recalculating), kt 71.88 75.77 87.09 45.08 28.83 38.45 22.28 2.40 

Difference, % -18.07 -19.34 -17.38 -22.83 -35.68 -33.02 -45.43 -88.96 

2.A.4.b Other Uses of Soda Ash 2014 2015 2016 2017 2018 2019 2020 

 

Emissions (before recalculating), kt 14.44 1.63 8.13 32.05 18.34 15.82 1.91 

Emissions (after recalculating), kt 71.87 7.79 19.28 28.87 34.34 20.39 7.65 

Difference, % 397.86 378.75 137.14 -9.91 87.30 28.84 301.00 

 

4.2.4.2.6 Category-specific planned improvements 

 
In this category, no improvements are planned. 

 

4.3 Chemical Industry (CRF 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. The main CO2 emissions occurs 

in all this categories excluding Nitric, Adipic acid and Caprolactam production where only N2O oc-

curs as well as CH4 emission from Carbide and Petrochemical and carbon black production. The pre-
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cursors and SO2 emissions occurs in almost all this categories. The key sources emissions are Am-

monia and Nitric acid production with CO2 and N2O emissions respectively where the emmisions are 

related the production processes, the correlation of emissions in CO2-eq and amounts of these prod-

ucts prodution are shown on fig 4.5. 

 

 
Fig. 4.5. CO2-eq emissions from Key categories in Chemical industry, kt 

 
Emissions from Adipic acid, Caprolactam, Carbide, Titanium dioxide production, as well 

as Petrochemical and carbon black production are not shown on the fig 4.5. due to the fact that their 

contributions to the emissions in Chemical industry category are not as significant as those indi-

cated 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 (CRF category 2.ɺ.1) 

 

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 380-

450ÜC and the pressure of 250 atm. using an iron catalyst: 

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 other 

chemical products, as well as a refrigerant. 

CO2 emissions from ammonia production are related to the key categories. To improve ac-

curacy of CO2 emission estimation, consumption of natural gas as a raw material was taken according 

to data from six enterprises-producers of ammonia.  

SO2 emissions and precursors: CO, NOx, NMVOC also occurs in ammonia production. Table 

4.11. shows the basic data on the results of GHG inventory in ammonia production. 
 
Table 4.11. The basic data on the results of GHG inventory in ammonia production in 2021. 

                              Category code                             2.B.1 

Ammonia production, kt  2369.46 

Consumption of natural gas, M m3  2616.63 

Gases CO2     CO NOx NMVOC SO2 

Emissions from production, kt  3435.3 0.014 2.37 0.213 0.071 

Change in emissions compared to the previous year,%  -13.34 15.57 
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Change in emissions compared to the baseline year,%  -64.94 -51.28 

Emissions, % of the total emissions in the sector 6.87 0.04 9.56   0.19 0.12 

Emissions, % of the total direct action GHG emissions 

in the sector 
5.89  

Key category ( "l" - level, "t" - trend)  L  

Method for determination of the emission factor   T3 D D D D 

Detail level (Tier) 3 1 1 1 1 

Emission factor at production, t/t 1.45 0.000006 0.001 0.00009 0.00003 

Uncertainty of activity data, % 3  

Uncertainty of the emission factor, % 7  

Uncertainty of data on use of urea,%  5  

Uncertainty of the emission estimation, % 9.11  

 

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 2006 

IPCC Guidelines (Tier 3 method), according to which consumption of natural gas in calculations is 

accounted for not only as a raw material component, but also as an energy one to create high-temper-

ature environment. Since ammonia production processes in Ukraine are characterized by use of fuel 

resource (natural gas) data directly within the production boundaries of the single enterprise, emis-

sions from energy and non-energy use of natural gas in ammonia production ï in the subdivision into 

raw material and energy use of natural gas were accounted in this category and in order to avoid 

double accounting excluded from category 1.A.2.c (Energy sector). 

To account the amount of the excluded CO2, used for urea (carbamide) production, data of 

urea production from enterprises and the stoichiometric CO2 to urea 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 passports-certificates of 

physical and chemical properties of natural gas in gas production and gas transportation companies 

of Ukraine. The determination method and the national value of carbon content in natural gas are 

presented in Annex P2.5. The value of carbon content in natural gas for 1990-2003 year was taken 

equal to the value of 2004 in accordance with reccomendations of ARR 2014, para 30 and ARR 2015 

para E.10 due to the fact that the passport certificates data for the 1990-2003 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 consumption 

were determinated by using specific values of these amounts for emission calculations in 2021 due to 

the lack of all data received from manufacturers in 2021. 

Estimation of  NMVOC, CO, NOx, and SO2 emissions from ammonia production was carried 

out in accordance with 2013 EMEP/EEA Emission Inventory Guidebook [6] using the default emis-

sion factors.  

 

4.3.1.3 Uncertainties and time-series consistency 
 

The key factors that determine the uncertainty in ammonia production are: 

¶ The source of obtained activity data of natural gas consumption for ammonia production; 

¶ The total fuel requirement (NCV/ton ammonia); 

¶ The uncertainty of data of CO2 extracted 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 estimating CO2 emissions is taken at the level of 3%. The 

uncertainty of the emission factor defined as the total fuel requirement (NCV/ton of ammonia) is 7%, 

as for the average value of specific energy consumption (for modern and older plants). The uncer-

tainty of data on CO2 extracted for further use (urea production) is taken at the level of 5%. The total 

uncertainty of CO2 emission from ammonia production estimation amounted to 9.11%. 
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4.3.1.4 Category-specific QA/QC procedures 
 

General QA/QC procedures were applied for estimation of GHG emissions in ammonia 

production. In the framework of quality control procedures, the following were performed: 

¶ comparison of the national CO2 emissions factors with the default IPCC factors. 

 

4.3.1.5 Category-specific recalculations 
 

In 2021 in this category recalculation of CO2 emissions for 1990-2020 was carried out due 

to the change in the data source of urea production (from the data of SSSU [2] to data received from 

enterprises), to provide a higher level of data for the Tier 3 for calculation in this category. 

 

Table 4.12 Recalculation of emissions from Ammonia Production in 2021. 
2.B.1 Ammonia Production 1990 1991 1992 1993 1994 1995 1996 1997 

CO2         

Emissions (before recalculating), kt 9402.92 8831.74 9553.48 7461.46 6833.92 6734.50 7451.15 7353.99 

Emissions (after recalculating), kt 9798.96 9218.38 9775.25 7581.56 7059.09 6941.39 7811.61 7625.28 

EF (before recalculating) 1.93 1.92 2.02 1.91 1.93 1.78 1.85 1.78 

EF (after recalculating) 2.01 2.00 2.07 1.94 1.99 1.84 1.94 1.85 

Difference, % 4.21 4.38 2.32 1.61 3.29 3.07 4.84 3.69 

2.B.1 Ammonia Production 1998 1999 2000 2001 2002 2003 2004 2005 

Emissions (before recalculating), kt 7221.10 7806.75 7142.48 7461.40 7400.71 7651.86 7542.02 8073.92 

Emissions (after recalculating), kt 7451.61 8207.00 7494.39 7789.93 7626.69 7897.63 7896.27 8536.72 

EF (before recalculating) 1.81 1.72 1.64 1.66 1.65 1.64 1.60 1.55 

EF (after recalculating) 1.87 1.81 1.72 1.73 1.70 1.69 1.67 1.64 

Difference, % 3.19 5.13 4.93 4.40 3.05 3.21 4.70 5.73 

2.B.1 Ammonia Production 2006 2007 2008 2009 2010 2011 2012 2013 

Emissions (before recalculating), kt 7972.49 7658.52 7493.71 4247.81 6575.74 8166.92 7862.25 6731.26 

Emissions (after recalculating), kt 8420.02 8125.78 7939.73 4543.60 6829.83 8585.97 8308.89 6957.84 

EF (before recalculating) 1.55 1.49 1.53 1.40 1.58 1.55 1.56 1.59 

EF (after recalculating) 1.63 1.58 1.62 1.50 1.64 1.63 1.65 1.64 

Difference, % 5.61 6.10 5.95 6.96 3.86 5.13 5.68 3.37 

2.B.1 Ammonia Production 2014 2015 2016 2017 2018 2019 2020 

 

Emissions (before recalculating), kt 4491.11 3800.79 2662.89 1609.17 1275.90 2574.66 4132.88 

Emissions (after recalculating), kt 4542.05 3740.11 2581.25 1575.08 1232.90 2423.91 3964.19 

EF (before recalculating) 1.51 1.44 1.30 1.35 1.31 1.41 1.47 

EF (after recalculating) 1.52 1.42 1.26 1.32 1.26 1.33 1.41 

Difference, % 1.13 -1.60 -3.07 -2.12 -3.37 -5.86 -4.08 

 

4.3.1.6 Category-pecific planned improvements 
 

In this category, no improvements are planned. 

 

4.3.2 Nitric Acid Production (CRF category 2.ɺ.2) 

 

4.3.2.1 Category description 

 
Nitric acid (HNO3) is used for production of fertilizers, explosives, in the paint and varnish 

industry, for etching non-ferrous 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: 

Å contact oxidation of ammonia to obtain nitrogen oxide: 

 

4NH3 + 5O2 = 4NO + 6H2O; 
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Å oxidation of nitrogen monoxide to dioxide and absorption of the mixture of "nitrous gases" 

by water: 

 

2NO + O2 = 2NO2; 

3NO2 + H2O = 2HNO2 + NO 

 

The resulting concentration of nitric acid is 55-58%. As a result of the production, N2O and 

NOx are emitted as byproducts. 

Currently, nitric acid in Ukraine produces by five companies based on the use of two tech-

niques: on medium pressure units in a pressurized system (7.3 kg/cm2) and on low-pressure units (3.5 

kg/cm2) 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, usually 92-96% (maximum - 98%) of the 

fed ammonia converts into nitrogen oxide. The rest of the amount of the ammonia comes into un-

wanted reactions that lead to formation of nitrous oxide and other substances. These byproducts (in-

cluding nitrous oxide) are emitted into the atmosphere. Emission calculations were made in view of 

100% concentration nitric acid. 

Table 4.13 shows the basic data on the results of GHG inventory in nitric acid production. 

The inter-annual deviations that occurs in nitric acid production in 2006/2007 by 30.3% are 

conducted with an increase in the working capacity of enterprises due to an increase in the consump-

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 fi-nancial 

and economic crisis in 2008-2009 which impacted on the decrease in production of nitric acid in 2009 

compared with 2008 by 31.56%. The inter-annual changes in 2012/2013 by 23.4% are conducted 

with the economic decrease as a result of the political crisis in Ukraine that began in 2013. The in-

crease in nitric acid production in 2018 compared with 2017 by 9.6% as well as in 2018/2019 by 

52.8%  is due to gradual growth in the working capacity at the enterprises because of  increase in the 

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 obtained from enterprises-producers. 

  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 of N2O emissions. At the same time automated emissions monitoring systems 

(AMS) have been installed.  

 

Table 4.13. The basic data on the results of GHG inventory in nitric acid production in 2021. 
                             Category code              2.B.2 

Nitric acid production, kt 1794.99 

Greenhouse gas N2O NOx 

Emissions from production, kt 8.08 17.95 

Change in emissions compared to the previous year,% 6.88 6.88 

Change in emissions compared to the baseline year,% -54.45 -33.52 

Emissions, % of the total emissions in the sector 95.8 72.4 

Emissions, % of the total direct action GHG emissions in the 

sector 

4.13  

  Key category ( "l" - level, "t" - trend)   L  

Detail level (Tier) 2 1 

Method for determination of the emission factor CS/D D 

Emission factor, kg/t 4.5/7.0/5.0 10 

Uncertainty of activity data, % 3  

Uncertainty of the emission factor, % 5  

Uncertainty of the emission estimation, % 5.8  

 

Activity data, emission factors, and GHG emissions throughout the entire time series in this 

category are shown in Table A3.1.1.6, Annex 3.1.1. 
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4.3.2.2 Methodological issues 
 

The amount of nitric acid produced in 1990 - 2020 was taken in accordance with data ob-

tained from enterprises. Amount of nitric acid production in 2021 was obtained from SSSU [2] due 

to the lack of all data received from manufacturers. Nitric acid in Ukraine produces by five companies 

based on the use of two techniques: on four plants with medium pressure units and on one plant with 

a low-pressure units.  From 1990 till 2008 and in 2010 - 2021 direct measurements of N2O emissions 

on entrerprises which produces nitric acid on medium-pressure aggregates UKL-7 was no conducted.  

In 2009, the company AIRTEC performed a direct test measurements at one enterprise obtaining a 

value of (4.23 kg/t) as well as on the part of enterprises was inroduced the secondary catalysts for 

catalytic destruction of nitrous oxide and automated emissions monitoring systems with the purpose 

to decomposition of N2O emissions. Therefore, in order to avoid underestimation of emissions from 

all four enterprises on medium-pressure units according to the recommendation of the Ukrainian 

Chemists Union(whitch unites all Ukrainian chemical enterprises) as well as the scientific-research 

work "Development of the method of calculation and determination of GHG emissions in the chem-

ical industry with the construction of particular time-series" [7], in calculations of N2O emissions for 

2009 - 2021 emission factor (4.5 kg/t) was applied. Emissions from UKL-7 for 1990 - 2008 were 

calculated using N2O emission factor (7 kg/t), as default, according to 2006 IPCC Guidelines [1]. For 

enterprise which uses low-pressure units, direct measurements of N2O emissions was no conducted, 

therefore, for the emissions calculation the default emission factor (5 kg/t) was used in accordance 

with 2006 IPCC Guidelines [1]. 

Estimation of emissions of nitrogen oxides was conducted in accordance with 2013 

EMEP/EEA emission inventory guidebook [6] using default emission factors (section 2.9). 

 

4.3.2.3 Uncertainties and time-series consistency 
 

In accordance with the Guidelines [1], the values of the activity data uncertainty are taken at 

the level of 2%. The values of the uncertainty of emission factors for this category were taken at the 

level of 5%, in accordance with the recommendations of the 2006 IPCC Guidelines [4]. Thus, the 

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

5.4%. 

 

4.3.2.4 Category-specific QA/QC procedures 

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

nitric acid.  

 

4.3.2.5 Category-specific recalculations 
 

In this category, no recalculations were made. 

 

4.3.2.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.3.3 Adipic Acid Production (CRF category 2.ɺ.3) 
 

4.3.3.1 Category description 
 

Adipic acid (HOOC(CH2)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 byproduct (N2O). 

Adipic acid production is also accompanied by emissions of NMVOC, CO, and NOx. 
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In Ukraine, the technique of thermal destruction of N2O is used at adipic acid production. 

The unit for thermal destruction of N2O was developed by Severodonetsk branch of the "Institute of 

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 and by the State 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 CRF tables. 

 

4.3.3.2 Methodological issues 
 

Data of adipic acid production were provided by the enterprises-producers. 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, and NOx was con-

ducted in accordance with 2013 EMEP/EEA emission inventory guidebook [6] using default emission 

factors. 

 

4.3.3.3 Uncertainties and time-series consistency 
 

According to the activity data provided by producing enterprises and by the State Enterprise 

"Cherkasky NIITEKHIM", adipic acid has not been produced since 2013, so the uncertainties in this 

category were not calculated. 

 

4.3.3.4 Category-specific QA/QC procedures 

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

production.  

 

4.3.3.5 Category-specific recalculations 
 

In this category, no recalculations were made. 

 

4.3.3.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.3.4 Caprolactam, Glyoxal, and Glyoxylic Acid Production (CRF category 2.ɺ.4) 

 

4.3.4.1 Category description 
 
This section is dedicated to production of three chemicals - caprolactam, glyoxal, and gly-

oxylic acid, which are potentially important sources of nitrous oxide (N2O) emissions in the countries 

where they are produced.  

In Ukraine, glyoxal and glyoxylic acid are not produced. Almost all of the annual production 

of caprolactam (C6H11NO) is consumed as the monomer for nylon-6 fibres and plastics (Kirk-Othmer, 

1999; p.310), with a substantial proportion of the fibre used in carpet manufacturing. 

Mostly, caprolactam is produced by the Raschig method, as a result of Beckmann rearrange-

ment (conversion of a ketone oxime into an amide, usually using sulphuric acid as a catalyst) by the 

addition of hydroxylamine sulphate to cyclohexanone. Hydroxylamine sulphate is produced from 

ammonium nitrate and sulphur dioxide. Ammonia gas and air are fed to a converter where ammonia 

is converted to hydroxylamine disulphonate by contacting it with ammonium carbonate and sulphur 
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dioxide in series. Ammonium carbonate is produced by dissolving ammonia and carbon dioxide in 

water, and sulphur dioxide by burning sulphur. The disulphonate is hydrolysed to hydroxylamine 

sulphate and ammonium sulphate. The addition of hydroxylamine sulphate to cyclohexanone pro-

duces cyclohexanone oxime which is converted to caprolactam by the Beckmann rearrangement. 

    

4.3.4.2 Methodological issues 
 

According to the activity data provided by enterprises-producers 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 of N2O emissions 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 time-series consistency 
 

According to the activity data provided by producing enterprises and by the State Enterprise 

"Cherkasky NIITEKHIM", caprolactam has not been produced since 2014, so the uncertainties in this 

category were not calculated. 

 

4.3.4.4 Category-specific QA/QC procedures 

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

production.  

 

4.3.4.5 Category-specific recalculations 
 

In this category, no recalculations were made. 

 

4.3.4.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 
 

4.3.5 Carbide Production and Use (CRF category 2.ɺ.5) 
 

4.3.5.1 Category description 

 
Calcium carbide CaC2 is 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 at 

2000 - 2200ęC from the mixture of quartz sand (51-55%), coke (35-40%) with the addition of sodium 

chloride (1-5%) and sawdust (5-10%). In this category, CO2 emissions occurs from limestone in pro-

duction of CaC2 and SiC, as well as in the lime recovery process and calcium carbide utilization. In 

production of silicon carbide, also occurs CH4 emissions. The data about silicon and calcium carbide 

production in Ukraine is confidential. Table 4.14 shows data on CO2 emissions from production and 

use of calcium carbide and CH4 emissions from silicon carbide production. 

 

Table 4.14. The basic data on the results of GHG inventory in carbide production and use in 

2021. 
                                Category code                  2.B.5 

Carbide Production and Use, kt C 

Greenhouse gas ʉʆ2 ʉʅ4 

Emissions, kt 48.06 0.21 

Change in emissions compared to the previous year,% 148.78 148.78 

Change in emissions compared to the baseline year,% -60.63 40.93 

Emissions, % of the total emissions in the sector 0.096 0.13 
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Emissions, % of the total direct action GHG emissions in 

the sector        
0.082 0.009 

The key category No  

Detail level (Tier) 1 1 

Method for determination of the emission factor D D 

Uncertainty of activity data, % 5 5 

Uncertainty of the emission factor, % 10 10 

Uncertainty of the emission estimation, % 11.180 

 

4.3.5.2 Methodological issues 
 

The data of calcium and silicon carbide production were provided by the enterprises-produc-

ers and SSSU [2]. For calculation of emission factors of CO2 and CH4 for silicon carbide production, 

as well as in calcium carbide using, the default factors were used [1]. 

 

4.3.5.3 Uncertainties and time-series consistency 
 

The uncertainty of the default CO2, CH4 emission factors is taken at the level of 10%. The 

uncertainty of the data of calcium and silicon carbide production provided by the enterprises-produc-

ers is taken at the level of 5%.  

Thus, the total uncertainty of CO2 and CH4 emissions in calcium carbide and silicon carbide 

production amounts to 11.180%. 

 

4.3.5.4 Category-specific QA/QC pro cedures 

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

and use of calcium carbide.  

 

4.3.5.5 Category-specific recalculations 

 
In this category, no recalculations were made. 

 

4.3.5.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.3.6 Titanium Dioxide Production (CRF category 2.ɺ.6) 

 

4.3.6.1 Category description 
 

Titanium dioxide (TiO2) 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 of TiO2 that lead to process green-

house gas emissions: titanium slag production in electric furnaces, synthetic rutile production using 

the Becher process, and rutile TiO2 production via the chloride route. Titanium slag used for produc-

tion of anatase TiO2 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 the ferric iron  

contained as an impurity in ilmenite. Rutile TiO2 may be produced by further processing of the ana-

tase TiO2.. 

Process emissions arise from the reductant used in the process. Production of synthetic rutile 

can give rise to CO2 emissions where the Becher process is used. This process reduces the iron oxide 

in ilmenite to metallic iron and then reoxidises it to iron oxide, and in the process separates out the 
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titanium dioxide as synthetic rutile of about 91 to 93 percent purity (Chemlink, 1997). Black coal is 

used as the reductant and the CO2 emissions arising should be treated as industrial process emissions. 

The main route for the production of rutile TiO2 is the chloride route. Rutile TiO2 is produced through 

the carbothermal chlorination of rutile ore or synthetic rutile to produce titanium tetrachloride (TiCl4) 

and oxidation of the TiCl4 vapours to TiO2. Table 4.15 shows the basic data on the results of GHG 

inventory in titanium dioxide production. 

 
Table 4.15. The basic data on the results of GHG inventory in dioxide titanium production 

in 2021. 
Category code 2.ɺ.6 

Titanium Dioxide Production, kt 123.28 

Emissions of CO2, kt 165.2 

Change in ʉʆ2 emissions compared to the previous year,%   3.19 

Change in ʉʆ2 emissions compared to the baseline year,%   -27.00 

Emissions, % of the total emissions in the sector 0.33 

Emissions, % of the total direct action GHG emissions in the sector 0.28 

The key category No 

Detail level (Tier) 1 

Method for determination of the emission factor D 

Uncertainty of activity data, % 6 

Uncertainty of the emission factor, % 15 

Uncertainty of the emission estimation, % 16.155 

 

4.3.6.2 Methodological issues 

 
Data of titanium dioxide production was obtained from the enterprises-producers with using 

analytical study, which includes different approaches, particularly extrapolation, expert judgement 

and other math and statistical mʝthods [19] for adjustment of the amounts of titanium dioxide pro-

duction in 2017 ï 2021. For estimation of CO2 emissions from titanium dioxide production, 2006 

IPCC Guidelines [1] with default emission factors were used. 

 

4.3.6.3 Uncertainties and time-series consistency 
 

The uncertainty of production data is estimated at 6%. The uncertainty of the default CO2 

emission factors is set at 15%. Thus, the uncertainty of CO2 emission from titanium dioxide produc-

tion in Ukraine amounts to 15.81%. 
 

4.3.6.4 Category-specific QA/QC procedures 

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

titanium.  

 

4.3.6.5 Category-specific recalculations 

 
In this category, no recalculations were made. 

4.3.6.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.3.7 Soda Ash Production (CRF category 2.ɺ.7) 
 

4.3.7.1 Category description 
 

file:///C:/Users/Admin/Downloads/Ð�Ð°Ð´Ð°Ñ�Ñ�Ñ�%202014%20Ð¿Ñ�Ð¾ÐµÐºÑ�.docx%23bookmark4
file:///C:/Users/Admin/Downloads/Ð�Ð°Ð´Ð°Ñ�Ñ�Ñ�%202014%20Ð¿Ñ�Ð¾ÐµÐºÑ�.docx%23bookmark4
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In Ukraine, soda ash production takes place at one plant with Solvay process (the synthesis 

process) which involves capturing carbon dioxide released during the occurrence of side reac-

tions(such as calcining limestone with metallurgical grade coke or anthracite) and return it to the 

process, assessment of CO2 emissions from the production process does not performes, which does 

not disagree with the requirements of the IPCC, according to research work "Development of the 

method of calculation and determination of GHG emissions in the chemical industry with the con-

struction of particular time-series" [7].  

 

4.3.8. Petrochemical and Carbon Black Production (CRF 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 (CO, NOx, NMVOCs) and SO2 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 enterprises-producers carbon black in Ukraine produces 

with using (default) furnace black with thermal treatment process and it uses as a reinforcing compo-

nent in production of rubbers and other plastic masses. In production of carbon black occurs emissions 

of CO2, CH4, and all precursors GHGs - NOx, CO, SO2 and NMVOCs. Since 2007, statistics of carbon 

black production in Ukraine is confidential. Data of carbon black production in 2021 were provided 

by the enterprises-producers. 

Ethylene (C2H4) 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 occurs CO2, 

CH4, 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 no 

production in 2009 and since 2013 till 2016, in 2017 - 2021 production resumed. The lack of produc-

tion in 2009 is explained by the global financial and economic crisis in 2008 - 2009 and the economic 

decrease as a result of the political crisis in Ukraine that began in 2013, which has had a significant 

impact on production in major industries. 

According to the data obtained from enterprises-producers methanol (methyl alcohol) 

CH3OH 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 reagent 

in organic synthesis. In production of methanol occurs CO2 and CH4 emissions. Since 2006, statistics 

of methanol production in Ukraine is confidential. Data of methanol production in 2021 was provided 

by the enterprise-producer. 

According to the data obtained from enterprise-producer 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 chloride. In vinyl chloride mono-

mer production occurs CO2, CH4, and NMVOC emissions. Data about vinyl chloride monomer pro-

duction in Ukraine is confidential. According to the data obtained from only one plant producer of 

vinyl chloride monomer in Ukraine there was no production in 2009 and since 2014 till 2016, in 2017 

- 2021 production resumed. The lack of production in 2009 is explained by the global financial and 

economic crisis in 2008 - 2009 and the economic decrease as a result of the political crisis in Ukraine 

that began in 2013, which has had a significant impact on production in major industries. 

Polystyrene is obtained by catalytic dehydrogenation of ethylbenzene in the presence of cat-

alysts and it is used in plastics and synthetic rubbers production. In production of polystyrene occurs 

only NMVOC emissions. Since 2008, statistics of polystyrene production in Ukraine is confidential. 

Data of polystyrene production in 2021 were provided by enterprises-producers. 

Propylene (C3H6) is found in cracking, petroleum pyrolysis gases, in coke gases. It is ob-

tained by extraction from oil refinery gases, as well as through catalytic dehydrogenation of propane, 

light gasolines. It is used as a raw material in the petrochemical industry, in plastics, rubber, motor 

fuel and solvents production. In propylene production only NMVOC emissions take place. Since 

2003, statistics of propylene production in Ukraine is confidential. Since 2013 till 2016, propylene 
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has not been produced in Ukraine, due to lack of raw materials for production caused by by the eco-

nomic decrease as a result of the political crisis in Ukraine that began in 2013, which was confirmed 

with data provided by the SE "Cherkasky NIITEKHIM. According to the data provided by enterprise-

producer and SSSU [2] propylene production in 2017 - 2021 was resumed. 

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, household 

items, electrical insulation and non-woven materials production. 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 production caused by by the economic decrease as a result of the political crisis in 

Ukraine that began in 2013 which was confirmed with data provided by the SE "Cherkasky 

NIITEKHIM" , in 2017 - 2021 polypropylene production resumed, according to data obtained from 

SSSU [2]. 

Polyethylene is produced by polymerization of ethylene at high temperature and pressure in 

the presence of catalysts. It is used primarily as a packaging material. In polyethylene production only 

NMVOC emissions take place. Since 2005, statistics of polyethylene production in Ukraine is confi-

dential information. Data of polyethylene production in 2021 was received from the enterprise-pro-

ducer. 

Sulfuric acid (H2SO4) is produced by catalytic oxidation of SO2. In Ukraine, sulfuric acid 

produces by chemical, coke enterprises and metallurgy ones. It is used in mineral fertilizers, various 

salts and acids production, in organic synthesis, in petroleum, metal, textile, and leather industries. In 

production of sulfuric acid only SO2 emissions take place. To assess GHG emissions of sulfuric acid 

production, data provided by the SSSU [2] was used.  

Phthalic anhydride is a raw material for a wide range of plasticizers, water-soluble polyester 

resins production, the raw material for which is orthoxylene or naphthalene. In 2010, phthalic anhy-

dride production from naphthalene use was stopped in Ukraine. In 2011, 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 not been produced in Ukraine, which was confirmed with data provided by 

the SE "Cherkasky NIITEKHIM". 

Table 4.16 shows the basic data on the results of GHG inventory in this category. 

 

Table 4.16. The basic data on the results of GHG inventory in the category Petrochemical 

and Carbon Black Production in 2021 
Category code 2.B.8 

Gases ʉʆ2 ʉʅ4 Nʆʭ CO NMVOC SO2 

Emissions in production, kt 784.18 134.22 1.44 2.88 1.31 9.18 

Change in emissions compared to the previous year,% 16.05 14.10 13.64 13.64 17.90    14.21 

Change in emissions compared to the baseline year,% -60.04 4653.2 -63.15 -63.15 91.67 -82.02 

Emissions, % of the total emissions in the sector 1.57 86.1 5.81 7.9 1.18 16.03 

Emissions, % of the total direct action GHG emissions  1.34 5.75     

in the sector       

Key category ( "l" - level, "t" - trend) No L/T     

Detail level (Tier) 1 1 1 1 1 1 

Method for determination of the emission factor D D D D D D 

The uncertainty of the ʉʆ2 emission estimation, % 3.39     

The uncertainty of the ʉH4 emission estimation, % 10     

The total uncertainty for the category,% 10.56     

 

GHG emission data throughout the entire time series in this category are shown in Table 

A3.1.1.8, Annex 3.1.1. 

 

4.3.8.2 Methodological issues 
 

For calculation of CO2 and CH4 emissions from the petrochemical industry 2006 IPCC 

Guidelines [1] with the default emission factors was used. Indirect GHG emission estimation in the 
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category was conducted in accordance with 2013 EMEP/EEA Emission Inventory Guidebook [6] 

(Tier 2 method) and the scientific-research work "Development of methods for calculation and deter-

mination of GHG emissions in the chemical industry with the construction of particular time se-

ries"[7] performed by State Enterprise "Ukrainian 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 enterprises-producers, SE "Cherkassy NIITEKHIM", and SSSU [2], 

with using analytical study, which includes different approaches, particularly extrapolation, expert 

judgement and other math and statistical mʝthods [19] for adjustment of the amounts of petrochemical 

products production in 2014.  

 

4.3.8.3 Uncertainties and time-series consistency 

 
Out of GHGs, in this category carbon dioxide and methane emissions from carbon black, 

ethylene, and methanol production are accounted. The uncertainty of CO2 emission estimation is 

3.394%, that of CH4 - 10%. The total uncertainty of the subcategory is 10.56%. 

 

4.3.8.4 Category-specific QA/QC procedures 
 

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

duction. 

 

4.3.8.5 Category-specific 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 (CRF category 2.B.9) 
 

In accordance with the scientific-research works: by the Ukrainian Research Institute of 

Medicine and Transport of the Ministry of Health of Ukraine "Development of methods of estimation 

and determination of emissions of hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride"[7] 

and by Cherkasy NIITEKHIM" - "Development of methods of estimation and determination of emis-

sions of hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride" [13] there is no fluorochem-

ical production in Ukraine, therefore emissions in this category are not estimated. 

 

4.4 Metal Industry (CRF category 2.C) 
 

Emissions in this category are the result from the production of metals such as Iron, Steel, 

Sinter, Pellets, Ferroalloys, Aluminium, Lead and Zinc production, as well as limestone and dolomite 

use. The main CO2 emissions occurs in all this categories as well as CH4 emission from Iron, Sinter 

and Ferroalloys production and PFCs emissions from Aluminium production. The precursors and SO2 

emissions occurs only from Iron and Steel production. The key sources emissions are Iron, Steel and 

Ferroalloys production with CO2 and CH4 emissions respectively where the emmisions are related 

with the production processes, the correlation of emissions in CO2-eq and amounts of these products 

prodution are shown on fig 4.6. 
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Fig. 4.6. CO2-eq emissions from Key categories in Metal industry, kt 
 

Emissions from Sinter, Pellets, Aluminium, 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 not 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 Iron and Steel Production (CRF category 2.ʉ.1) 

 

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 emissions occurs from 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 reducing 

agent. In accordance with 2006 IPCC Guidelines [1], emissions from energy and non-energy use of 

coke in the blast furnace process for iron production were accounted in the sector "Industrial Pro-

cesses and Product Use". Table 4.17 shows the basic data on the results of GHG inventory in iron and 

steel production. 

 

Table 4.17 Basic data on the results of GHG inventory in iron and steel production in 2021 
Category code 2.ʉ.1 

Iron production, kt 21165.00 

Steel production, kt 21366.00 

  Sinter production, kt 32917.00 

  Pellet production, kt 20133.92 

Consumption of natural gas, M m3 2.42 

Limestone use, kt 7726.4 

Dolomite use, kt 20.0 

  Gases All GHGs ʉʆ2 
CH4 (pig 

iron) 

CH4 (sin-

ter) 
NOx CO NMVOC SO2 

Emissions, kt 37299.42 36765.61 19.05 2.30 1.93 27.57 7.08 42.4 

Change in emissions compared to the previous 

year,% 
3.88 3.88 4.58 3.17 5.23 4.58 3.73 4.59 

Change in emissions compared to the baseline 

year,% 
-53.84 -53.86 -52.89 -45.97 -52.92 -52.85 -49.51 -52.92 

Emissions, % of the total emissions in the sector  75.09 12.22 1.48 7.79 75.64 6.34 74.06 
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Emissions, % of the total direct action GHG 

emissions in the sector 
63.91 63.00 0.82 0.02     

Key category ( "l" - level, "t" - trend)  L/T No No     

Detail level (Tier)  3 1 1 1 1 1 1 

Emission factor for pig iron, t/t  1.59 0.0009 0.00007     

Emission factor for steel, t/t  0.133       

Emission factor for limestone, kg/t  0.4337       

Emission factor for dolomite, kg/t  0.4645       

Method for determination of the emission factor  CS D D D D D D 

Uncertainty of activity data, %  5.06 5     

Uncertainty of the emission factor, %  4.58 20     

Uncertainty of the emission estimation, %  6.82 20.6     

 

The decrease in emissions from iron and steel production in 2021 compared to the baseline 

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 - to a increase in the iron and steel production, as well 

as in coke consumption for iron production and, as a result, the of growth pulverized coal consump-

tion after its application at metallurgical enterprises of after the 2008/2009 crisis. Activity data, emis-

sion 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. 

 

4.4.1.2 Methodological issues 
 

4.4.1.2.1 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 SSSU [2]. The 

amounts of coke, coal, and natural gas consumption for iron production were taken with using ex-

trapolation method, based on data of the growth of pig iron production in Ukraine in 2020-2021 ob-

tained from Association "Metallurgprom", 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 from 

the enterprises-producers. In the calculations, the national value of carbon content in natural gas was 

used, the determination method and the value of which are presented in Annex 2.5. The net calorific 

value of natural gas was taken in accordance to passports, certificates of physical and chemical prop-

erties of natural gas in gas production and gas transportation companies of Ukraine. The carbon con-

tent of coal was taken on the basis of the values of net calorific value of coal and sulfur content in 

coal with the corresponding net calorific value in accordance with data obtained from the enterprises-

producers. The ore used for iron production in Ukraine does not contains carbon. In the estimation 

assessment, the scientific-research works were used: "Development of methods of estimation and 

prediction of GHG emissions at the metallurgical enterprises of Ukraine" [10] and "Development of 

the method of estimation and determination of carbon dioxide emissions in iron and steel production" 

[13]. Use of these scientific-research works made it possible to specify all the details of production 

components at each Ukrainian enterprise. Since iron production processes in Ukraine are character-

ized by use of fuel resource (coke) directly within the production boundaries of the single enterprise, 

emissions from energy and non-energy use of coke in iron production ï in subdivision into raw ma-

terial and energy use of the coke were accounted in this category and in order to avoid double ac-

counting excluded from category 1.A.2.a (Energy sector).  

Annex 3.1.3 presents the method of determining the emission factor when using coal and 

coke, and Annex 3.1.4 - the carbon balance in the blast furnace process developed as a result of the 

research [10] conducted for 2021. 

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 to 

the default values in 2013 EMEP/EEA Emission Inventory Guidebook [6]. 
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4.4.1.2.2 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 open 

hearth furnaces (OHF)), taking into account the specific consumption of iron and carbon content in 

each type of steel (Tier 3 method) in accordance with data obtained from enterprises-producers and 

Association "Metallurgprom". For 2016, the analytical study, which includes different approaches, 

particularly extrapolation, expert judgement and other math and statistical mʝthods [19] was taken 

into account in adjustment of amounts of steel production and iron, scrap metal and carbon electrodes 

consumption. As a result of conducted scientific -research work [10], it was found out that in the steel 

production, it is also necessary to account the carbon that enters to steel making furnaces with scrap 

metal. Therefore, the calculation was extended with the component that takes into account the carbon 

entering the furnace with scrap metal. The amounts of iron, and scrap metal consumption for steel (in 

basic oxygen furnaces (BOF) and electric arc furnaces (EAF) production were determinated by using 

specific values of these amounts for emission calculations in 2021 due to the lack of all data received 

from manufacturers in 2021. 

As a result of conducted scientific-research work was identified the national emissions fac-

tors in steel production, which are within the ranges: 

- (in 2021 - 138 kg/t) - for steel produced in the OHF; 

- (in 2021 - 141 kg/t) - for steel produced in the BOF; 

- (in 2021 ï 8.9 kg/t) - for steel produced in the EAF; 

- (in 2021 - 133 kg/t) - the average for all types of steel. 

The emission factors for precursors in this category were taken as equal to the default values 

in 2013 EMEP/EEA  Emission Inventory Guidebook [6]. 

 

4.4.1.2.3 Sinter and Pellet Production 

 
In statistical reporting Form 4-MTP[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 from iron production. 

Estimation of methane emissions from sinter production was carried out in accordance with 

the recommendations [1] using the default factor. According to 2013 EMEP/CORINAIR Emission 

Inventory Guidebook [6], assessment of NMVOC emissions from sinter and pellets production with 

the default factors was conducted, the emissions were combined with the total emissions of precursors 

in the category. 

 

4.4.1.2.4 Limestone and Dolomite Use 
 

This category accounts CO2 emissions from limestone and dolomite use as fluxes in sinter, 

pellets, iron, and steel production, which were combined with the total in the category. The amount 

of limestone, dolomite limestone, and dolomite used in metallurgy was taken on the basis of data 

obtained from the iron, steel, sinter and pellets enterprises-producers.  

In the estimations in the category, the scientific-research works were used: "Development of 

methods of estimation and prediction of greenhouse gas emissions at the metallurgical enterprises of 

Ukraine" [10] and "Development of the method of estimation and determination 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 sci-

entific-research works made possible to specify the details of all components used as fluxes in met-

allurgical production at each Ukrainian enterprise, as well as data of the content of CaCO3 and MgCO3 

in limestone, dolomite limestone, and dolomite, on the basis of which the emission factors and CO2 

emissions were identified. The activity data and estimation results are presented in Annex 3.1.2. 

The value of the total CO2 emission factor in limestone and dolomite use in 2021 increased 

0.4338 t/t. 
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4.4.1.3 Uncertainties and time-series consistency 
 

The key factors that impacted on the value of the uncertainty of the activity data for iron and 

steel production are: 

¶    accuracy of measurements of the mass/volume of reducers and manufactured products; 

¶    uncertainties caused by the recalculation of masses; 

¶    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: 

¶    uncertainty of the data of carbon content in raw materials, reducing agents, and manufac-

tured products; 

¶    accuracy of determining the net calorific value of the fuel used as a reducing agent; 

¶    uncertainty caused by the representative nature of the sample for measurement; 

¶    uncertainties caused by generalization of data on physical and chemical properties of 

reducing 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 2.19% and of steel - at the level of 0.84%. 

The uncertainty of emission factors for iron and steel production is estimated at the level of, 

respectively, 2.75% and 1.75%. 

Taking into account emissions from iron and steel production, the total uncertainty of the 

activity data for production of iron and steel is 5.06%, the uncertainty of emission factors - 4.58%, 

and the uncertainty of emission volumes - 6.82%. 

The uncertainty of the methane emission factor in iron production is taken to be 20%. Given 

the uncertainty of the activity data (5%), the total uncertainty of the methane emission estimation in 

iron production amounted to 20.6%. 

 

4.4.1.4 Category-specific QA/QC procedures 
 

General QA/QC procedures were applied to estimation of carbon dioxide emissions from 

iron and steel production, including: 

¶ analysis of the time-series of the activity data (iron and steel production volumes) and 

emission factors; 

¶ comparison of data of iron production obtained from SSSU [2] with those provided by 

Association "Metallurgprom"; 

¶ carbon balance analysis in the blast furnace process (Annex 3.1.4); 

¶ analysis of the coke balance in Ukraine (Annex 2.8). 

 

4.4.1.5 Category-specific recalculations 
 

In 2021, recalculation of CO2 and NMVOC emissions for 2019 ï 2020 was made due to 

correction of the pellets production according to the data obtained from enterprises-producers.   

 

Table 4.18 Recalculation of emissions from iron and steel production in 2021. 
2.C.1 Iron and Steel Production 2019 2020 

CO2 

Emissions (before recalculating), kt 38909.44 35903.27 

Emissions (after recalculating), kt 38 910.01  35 904.81  

Difference, % 0.001 0.004 

NMVOC  

Emissions (before recalculating), kt 6.7071 6.820 

Emissions (after recalculating), kt 6.7077 6.822 

Difference, % 0.009 0.024 
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4.4.1.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.4.2 Ferroalloys Production (CRF category 2.ʉ.2) 

 

4.4.2.1 Category description 
 

Ferroalloys are semi-finished metal production products - iron alloys with silicon, manga-

nese, chromium, and other elements used in steel production (for deoxidation and alloying of steel, 

binding of harmful impurities, ensuring the desired metal structure and properties). Ferroalloys differ 

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 reducing agent, it is subdivided into carbon-

reduction one, producing carbon ferroalloys (8.5% C) and all silicon alloys, and metallo-thermal one 

(conventionally including the silicothermic one), which produces alloys with low carbon content 

(0.01-2.5%C). Ferroalloy smelting is carried out in three-phase 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 with 

the direct reduction technology. Thus the reduction product is carbon mono-oxide and dioxide (CO 

and CO2). There are only ferrosilicon, ferromanganese, ferrosilicomanganese (silicon manganese) and 

ferronickel production in Ukraine. Table 4.19 shows the basic data of GHG inventory for carbon 

dioxide and methane in production of ferroalloys in Ukraine. 

 

Table 4.19. The basic data on the results of GHG inventory in ferroalloys production in 2021. 
Category code       2.ʉ.2 

  Ferroalloys Production, kt   1017.8 

  Limestone use, kt 14.12 

Gas   ʉʆ2   ʉʅ4 

Emissions, kt 1606.13 0.092 

Change in emissions compared to the previous year,%    -5.61  53.43 

Change in emissions compared to the baseline year,%    -47.68 -84.81 

Emissions, % of the total emissions in the sector 3.21 0.059 

Emissions, % of the total direct action GHG emissions in the sector   2.75   0.0039 

Key category ( "l" - level, "t" - trend) L 

The level of detail for ferroalloys (Tier) 3 1 

Emission factor, t/t 1.58 0.001 

Method for determination of the emission factor for ferroalloys CS D 

Uncertainty of activity data, % 10.6 5.25 

Uncertainty of the emission factor, % 5 31.25 

Uncertainty of the emission estimation, % 11.7 31.68 

 

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 using analytical study, which includes different approaches, particularly extrapolation, expert 

judgement and other math and statistical mʝthods [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 agents, slag-forming materials and 

waste, as the carbon content in reducing agents, ore, concentrate, sinter, and ferroalloys obtained from 



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

123 

the five largest ferroalloys enterprises-producers. The amounts of of ferroalloys production, the 

weight of the used ore, concentrate, sinter, reducing agents, slag-forming materials and waste, as the 

carbon content in reducing agents, ore, concentrate, sinter, and ferroalloys production for one of this 

enterprises-manufacturers were determinated by using specific values of these amounts for calcula-

tions in 2021 due to the lack of data received from this manufacturer in 2021. 

 The methodology of calculating emissions in this category corresponds to Tier 3, described 

in [1]. In calculations, the scientific-research work "Development of methodological recommenda-

tions of greenhouse gas emission factors assessment by refining the data of the composition of reduc-

ing agents used in ferroalloys production and the carbon content in ore, slag-forming materials, and 

waste" [9] was used, applying the calculation methodology of the SE "UkrRTC "Energostal", which 

made possible to clarify the details of all components used as reducing agents, slag-forming 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, emissions 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 production are presented in A3.1.2 Determination of the amount of limestone and do-

lomite use. 

For estimation of CH4 emissions from ferroalloys production, 2006 IPCC Guidelines [1] 

with default emission factors were used. 

 

4.4.2.3 Uncertainties and time-series 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 on 

the carbon content in them; 

 statistical activity data. 

The uncertainty of activity data of the enterprises is estimated at 10.6%. The uncertainty of 

the data to estimate the weighted average rate of carbon dioxide emissions in ferroalloys production 

at all enterprises of the sector is estimated at 5%. The uncertainty of data to estimate the average 

weighted methane emission factor in ferroalloys production is 31.25%. The uncertainty of activity 

data for methane emission assessment is estimated at 5.25%. The uncertainty of estimates of carbon 

dioxide emissions in production of ferroalloys for 2021 was 11.7%. The uncertainty of estimates of 

methane emissions in production of ferroalloys for 2021 was 31.68 %. 

 

4.4.2.4 Category-specific QA/QC procedures 
 

General QA/QC procedures were applied for estimation of emissions in ferroalloys produc-

tion: 

¶ analysis of the time-series of activity data (ferroalloy production volumes) and emis-

sions. 

 

4.4.2.5 Category-specific recalculations 
 

In 2021 in this category recalculation of CO2 emissions for 2019 -2020 was made due to 

adjustment of the data of raw materials consumption for ferroalloys production according to the data 

obtained from enterprises.  

 

Table 4.20 Recalculation of CO2 emissions from ferroalloys production in 2021. 
2.C.2 Ferroalloys production 2019 2020 

CO2 

Emissions (before recalculating), kt 1848.73 1308.11 

Emissions (after recalculating), kt 1848.65 1313.08 

EF (before recalculating), t/t 1.5615 1.53 



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

124 

2.C.2 Ferroalloys production 2019 2020 

CO2 

EF (after recalculating), t/t 1.5614 1.54 

Difference,% -0.005 0.38 

 

4.4.2.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.4.3 Aluminum Production (CRF category 2.ʉ.3) 

 

4.4.3.1 Category description 
 
This section is dedicated to aluminium production which is a potentially important source of 

carbone dioxide (CO2), and  CF4 and C2F6 emissions in the countries where they are produced. At the 

only aluminum plant in Ukraine from 2011 to 2021, aluminum production was stopped due to lack 

of cost-effectiveness and high cost of electricity. Estimation of GHG emissions from 2011 till 2021 

was no performed in this category. The data about aluminium production in Ukraine is confidential. 

 

4.4.3.2 Methodological issues 
 

Data of aluminium production was provided by the enterprise-producer. According to 2006 

IPCC Guidelines [1] Tier 1 method for estimation of CO2 emissions and Tier 2 method for estimation 

of CF4 and C2F6  emissions from aluminium production, were used.  

 

4.4.3.3 Uncertainties and time-series 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 Category-specific QA/QC procedures 

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

production.  

 

4.4.3.5 Category-specific recalculations 
 

In this category, no recalculations were made 

 

4.4.3.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.4.4 Magnesium Production (CRF category 2.ʉ.4) 

 
There is no magnesium production in Ukraine, therefore emissions in this category are not 

estimated. 

 

4.4.5 Lead Production (CRF category 2.ʉ.5) 

 

4.4.5.1 Category description 

 



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

125 

Lead is one of the softest and most ductile heavy metals. Lead uses in manufacture of pro-

tective sheaths of electric cables, sulfuric acid production equipment. Lead alloys are used for manu-

facture of bearings, batteries, they are used as a basis for manufacture of printing metal. The smelting 

process represents the reduction reaction of the lead oxide which produces CO2. In this category, 

calculations of CO2 emissions were performed for the entire time series since 1990. Table 4.21 shows 

the basic data of GHG inventory for carbon dioxide in lead production in Ukraine. 

 

Table 4.21. The basic data on the results of GHG inventory in lead production in 2021 
Category code       2.ʉ.5 

  Lead Production, kt   28.82 

Gas   ʉʆ2 

Emissions, kt eq. 14.99 

Change in emissions compared to the previous year,%   -3.30 

Change in emissions compared to the baseline year,%   -32.17 

Emissions, % of the total emissions in the sector 0.03 

Emissions, % of the total direct action GHG emissions in the sector   0.026 

The key category No 

The level of detail for lead (Tier) 1 

Emission factor, t/t 0.52 

Method for determination of the emission factor for lead D 

Uncertainty of activity data, % 10 

Uncertainty of the emission factor, % 50 

Uncertainty of the emission estimation, % 50.99 

 

4.4.5.2 Methodological issues 
 

Data of lead production were obtained from SSSU basing on data of Index of industrial 

production 2021. For estimation of CO2 emissions from lead production, 2006 IPCC Guidelines [1] 

with default emission factors were used. 

 

4.4.5.3 Uncertainties and time-series consistency 
 

The uncertainty of activity data of the enterprises is estimated at 10 %. The uncertainty of 

data of the default carbon dioxide emission factor in lead production is estimated at 50%. The uncer-

tainty of estimates of carbon dioxide emissions in lead production for 2021 was 50.99%. 

 

4.4.5.4 Category-specific QA/QC procedures 
 

General QA/QC procedures were applied for estimation of emissions from lead production. 

 

4.4.5.5 Category-specific recalculations 
 

In this category, no recalculations were made. 

 

4.4.5.6 Category-specific planned improvements 
In this category, no improvements are planned. 

 

4.4.6 Zinc Production (CRF category 2.ʉ.6) 

 

4.4.6.1 Category description 

 
Zinc is brittle metal, it melts at 419ÁC, it does not naturally exist as a native metal. Zinc 

extracted from polymetal ores containing 1-4% of Zn in the form of sulfide. Possessing anti-corrosion 

properties, zinc uses for galvanizing steel sheet, telegraph wires, pipes for various purposes, it is a 
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component of some pharmaceuticals. CO2 emissions from zinc production form during the smelting 

process. The data about zinc production in Ukraine is confidential. Between 1998 and 2005, there 

was no zinc production in Ukraine. Table 4.22 shows the basic data of the inventory for carbon diox-

ide in zinc production in Ukraine. 

 

Table 4.22. The basic data on the results of GHG inventory in zinc production in 2021. 
Category code       2.ʉ.6 

  Zinc Production, kt  ʉ 

Gas  ʉʆ2 

Emissions, kt eq. 1.013 

Change in emissions compared to the previous year,%   -3.30 

Change in emissions compared to the baseline year,%   -95.82 

Emissions, % of the total emissions in the sector 0.002 

Emissions, % of the total direct action GHG emissions in the sector   0.0017 

The key category No 

The level of detail for zinc (Tier) 1 

Emission factor, t/t 1.72 

Method for determination of the emission factor for zinc D 

Uncertainty of activity data, % 10 

Uncertainty of the emission factor, % 50 

Uncertainty of the emission estimation, % 50.99 

 

4.4.6.2 Methodological issues 

 
Data of zinc production were taken from SSSU basing on the data of Index of industrial 

production 2021. For estimation of CO2 emissions from zinc production, 2006 IPCC Guidelines [1] 

with default emission factors were used. 

 

4.4.6.3 Uncertainties and time-series consistency 

 
The uncertainty of activity data of the enterprises is estimated at 10 %. The uncertainty of 

data of the default carbon dioxide emission factor in zinc production is estimated at 50%. The uncer-

tainty of estimates of carbon dioxide emissions in zinc production for 2020 is 50.99%. 

 

4.4.6.4 Category-specific QA/QC procedures 

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

 

4.4.6.5 Category-specific recalculations 
 

In this category, no recalculations were made. 

 

4.4.6.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.5 Non-energy Products from Fuels and Solvent Use (CRF category 2.D) 
 

Emissions in this category are estimating as a result of the first use of fossil fuels as a product 

for primary purposes such as Lubricant, Paraffin Wax, Asphalt and Solvent use. The main CO2 emis-

sions occurs only from Lubricant and Paraffin Wax use. In other categories only the precursors and 

SO2 emissions occurs. The subcategories in this category are not the key sources of emissions.  The 

activity data collection, methodological issues as well as QA/QC procedures etc. by the categories 

included in this category are shown by each subcategory in relevant chapters.     



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

127 

 

4.5.1 Lubricant Use (CRF category 2.D.1) 
 

4.5.1.1 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 can 

be subdivided into (a) motor oils and industrial oils, and (b) greases, which differ in terms of physical 

characteristics (e.g., viscosity), commercial applications, and environmental fate. The inter-annual 

deviations that occurs in lubricants use for 1996, 1997, 1998 was assosiated with start of the impor-

tation to Ukraine of lubricants use since 1996 as well as the changes in 2007 which occured due to 

sharp growth of production and importation of lubricants in Ukraine. Table 4.23 shows the basic data 

on the results of GHG inventory in lubricant use. 
Table 4.23. The basic data on the results of GHG inventory in lubricant use in 2021. 

                             Category code 2.D.1 

  Lubricant Use, TJ 8915.59 

Emissions of CO2, kt 130.76 

Change in ʉʆ2 emissions compared to the previous year,%   -1.58 

Change in ʉʆ2 emissions compared to the baseline year,% -57.10 

Emissions, % of the total emissions in the sector 0.26 

Emissions, % of the total direct action GHG emissions in the sector 0.22 

The key category No 

Detail level (Tier) 1 

Emission factor, t/t 0.59 

Method for determination of the emission factor D 

Uncertainty of activity data, % 9 

Uncertainty of the emission factor, % 50.09 

Uncertainty of the emission estimation, % 50.89 

 

Activity data, emission factors, and GHG emissions throughout the entire time-series in this 

category are shown in Table A3.1.1.13, 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 non-energy consumption in 2021 was taken with using extrapolation method, based on data 

of crude oil production in Ukraine in 2020-2021, in accordance with 2006 IPCC Guidelines, Chapter 

5.3 Resolving data gaps [1].  To avoid double counting between the Energy and IPPU sectors, data 

of lubricants non-energy consumption from 1990 till 2020 are not accounted in emission estimations 

in the "Energy sector". For 2014 - 2021, the analytical study, which includes different approaches, 

particularly extrapolation, expert judgement and other math and statistical mʝthods [19] was taken 

into account in adjustment of amounts of lubricants consumption. 

 

4.5.1.3 Uncertainties and time-series consistency 
 

The uncertainty of data of lubricants consumption obtained from statistical data is taken at 

9%. The uncertainty of the default emission factors (ODU) is set at 50.09%. The uncertainty of CO2 

emissions from lubricant use in Ukraine amounts to 50.892%. 

 

4.5.1.4 Category-specific QA/QC procedures 
 

General QA/QC procedures were applied for estimation for GHG emissions in lubricant use. 

 

4.5.1.5 Category-specific recalculations 

file:///C:/Users/Admin/Downloads/Ð�Ð°Ð´Ð°Ñ�Ñ�Ñ�%202014%20Ð¿Ñ�Ð¾ÐµÐºÑ�.docx%23bookmark4
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In this category, no recalculations were made. 

 

4.5.1.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.5.2 Paraffin Wax Use (CRF category 2.D.2) 
 

4.5.2.1 Category description 
 

This category includes such products as petroleum jelly, paraffin waxes and other waxes, 

including ozokerite (mixtures of saturated hydrocarbons, solid at ambient temperature). Paraffin 

waxes are separated from crude oil during the production of light (distillate) lubricating oils. Paraffin 

waxes are categorised by oil content and the amount of refinement. Solid paraffins are recovered from 

crude oil production in production of light (distillation) lubricating oils, and they are sub-classified 

based on oil content and purity. Waxes are used in a number of different applications, for example, 

in applications such as: candles, corrugated boxes, paper coating, board sizing, food production, wax 

polishes, surfactants (as used in detergents) and many others. Emissions from the use of waxes derive 

primarily when the waxes or derivatives of paraffins are combusted during use (e.g., candles). Table 

4.24 shows the basic data on the results of GHG inventory in wax use. 

 

Table 4.24. The basic data on the results of GHG inventory in solid paraffin wax use in 2021. 
                             Category code 2.D.2 

  Solid Paraffin use, TJ 710.09 

Emissions of CO2, kt 10.41 

Change in ʉʆ2 emissions compared to the previous year,%   -0.41 

Change in ʉʆ2 emissions compared to the baseline year,%  - 91.52 

Emissions, % of the total emissions in the sector 0.02 

Emissions, % of the total direct action GHG emissions in the sector   0.018 

The key category No 

Detail level (Tier) 1 

Emission factor, t/t 0.590 

Method for determination of the emission factor D 

Uncertainty of activity data, % 6.00 

Uncertainty of the emission factor, % 100.12 

Uncertainty of the emission estimation, % 100.305 

 

Activity data, emission factors, and GHG emissions throughout the entire time-series in this 

category are shown in Table A3.1.1.14, 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]. Data of 

solid paraffins use were determined based on data of production, exports, and imports of paraffin 

waxes obtained from SSSU [2, 22]. For 2014 - 2021, the analytical study, which includes different 

approaches, particularly extrapolation, expert judgement and other math and statistical mʝthods [19] 

was taken into account in adjustment of amounts of paraffins consumption. 

To convert consumption data in mass units into the conventional energy units (TJ), default 

coefficients of calorific value according to the Guidelines in Section 1.4.1.2, Chapter 1, Volume 2 

(Energy) were used. 

 

4.5.2.3 Uncertainties and time-series consistency 
 

file:///C:/Users/Admin/Downloads/Ð�Ð°Ð´Ð°Ñ�Ñ�Ñ�%202014%20Ð¿Ñ�Ð¾ÐµÐºÑ�.docx%23bookmark4
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The uncertainty of data of production, exports, and imports of lubricants obtained from sta-

tistical data is estimated at 6%. The uncertainty of the default factors (ODU) and the carbon content 

is taken at the level of 100.12% due to the fact that the factors are associated with highly limited 

information of national use of solid paraffins. Thus, the uncertainty of CO2 emission from solid par-

affins use in Ukraine amounts to 100.305%. 

 

4.5.2.4 Category-specific QA/QC procedures 
 

General QA/QC procedures were applied for estimation of GHG emissions in paraffin wax 

use. 

 

4.5.2.5 Category-specific recalculations 
 

In 2021 in this category recalculation of CO2 emissions for 2020 was made due to adjustment 

of the data of paraffin waxes use in accordace with data obtained from SSSU [2, 22].  

 

Table 4.25 Recalculation of CO2 emissions from Paraffin wax use in 2021. 
2.D.2 Paraffin Wax Use 2020 

CO2 

Emissions (before recalculating), kt 10.03 

Emissions (after recalculating), kt 10.45 

Difference,% -4.081 

 

4.5.2.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.5.3 Asphalt Production and Use (CRF category 2.D.3)  

 

4.5.3.1 Asphalt roofing (CRF category 2.D.3.a.1) 

 
4.5.3.1.1 Category description 
 

Petroleum bitumen is produced by oxidation of residual products of direct distillation of 

crude oil and their mixtures with asphalts and extracts of oil production. Therefore, this bitumen is 

also called oxidized bitumen. 

For roofing materials production, treating and coating oil bitumen are used. In the process 

of their production emissions of CO and NMVOCs occurs. No GHGs occurs in this category. Table 

4.26 shows the basic data of the results of GHG inventory in construction and roofing bitumen pro-

duction. 

 

Table 4.26. The basic data on the results of GHG inventory in construction and roofing bi-

tumen production in 2021. 
                        Category code   2.D.3.a.1 

Bitumen Production, kt  ʉ 

Gases ʉʆ NMVOC 

Emissions, kt 0.0000025 0.0000013 

Change in emissions compared to the previous year, % -1.94 

Change in emissions compared to the baseline year, % -99.93 

Emissions, % of the total emissions in the sector 0.0000069 0.0000012 

Method for determination of the emission factor D D 

Detail level (Tier) 1 1 

Emission factor, n/t 0.00001 0.000005 
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4.5.3.1.2 Methodological issues 
 

Data of production volumes of construction and roofing bitumen separately were obtained 

from enterprises-producers. Data of road petroleum bitumen and bitumen for special purposes pro-

duction, as well as general information about petroleum bitumen production are presented in SSSU 

[2].  

Estimation of CO and NMVOC emissions was conducted in accordance with 1996 IPCC 

Guidelines [5] (section 2.7.1.1), using the default emission factors for oxidized bitumen.  

 

4.5.3.1.3 Uncertainties and time-series consistency 
 

The uncertainty of CO and NMVOC emission estimation results was not determined in this 

category. 

 

4.5.3.1.4 Category-specific QA/QC procedures 
 

General QA/QC procedures were applied for estimation of GHG emissions from construc-

tion and roofing bitumen production.  

 

4.5.3.1.5 Category-specific recalculations 

 
In this category, no recalculations were made. 

 

4.5.3.1.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.5.3.2 Road paving with asphalt (CRF category 2.D.3.a.2) 

 
4.5.3.2.1 Category description 
 

In the category Road paving, road bitumen is accounted for, which is produced by oxidation 

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 non-

oxidized products, or as a residue of direct oil distillation. GHG emissions take place in road bitumen 

production at enterprises and when paving asphalt. In road bitumen production, SO2, NOx, CO, and 

NMVOC emissions take place, and while laying asphalt - only NMVOC. No GHGs occurs in this 

category. Table 4.27 shows the basic data on the results of GHG inventory in road paving with as-

phalt. 

 

Table 4.27. The basic data on the results of GHG inventory in road paving with asphalt in 

2021. 
                           Category code                         2.D.3.a.2 

Production of road bitumen, kt 75.1 

Gases NOx CO NMVOC SO2 

Emissions from production, kt 0.0027 0.015 0.0017 0.0013 

Emissions from paving, kt    1.2  

Change in emissions compared to the previous year,% 44.98 

Change in emissions compared to the baseline year,% -96.41 

Emissions at production, % of the total in the sector 0.011 0.041 0.0015 0.0023 

Emissions at paving, % of the total in the sector   1.08  

Method for determination of the emission factor D D D D 

  Detail level (Tier) 1 1 1 1 

Emission factor at production, t/t 0.0000356 0.0002 0.000023 0.0000177 
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Emission factor at paving, kg/t   0.016  

 

4.5.3.2.2 Methodological issues 

 
Road bitumen production volumes was obtained from SSSU [2]. In accordance with 2013 

EMEP/EEA recommendations [6] the default emission factors of GHG emissions for asphalt produc-

tion were used. 

 

4.5.3.2.3 Uncertainties and time-series consistency 

 
The uncertainty of NOx, CO, NMVOC and SO2 emission estimation results was not deter-

mined in this category. 

 

4.5.3.2.4 Category-specific QA/QC procedures 
 

The general quality control and assurance procedures were applied to estimation of GHG 

emissions at road paving with asphalt. 

 

4.5.3.2.5 Category-specific recalculations 

 
In this category, no recalculations were made. 

 

4.5.3.2.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.5.4 Solvents Use (CRF category 2.D.3.b) 
 

4.5.4.1 Category description 

 
The category Solvents Use, accounts emissions from paints and solvents use in industry and 

households. Solvents and paints contain substances, use of which results in emissions into the air of 

non-methane volatile organic compounds (NMVOC). Besides, this sector also includes NMVOC 

emissions from production and processing of certain chemical products.  

In the current inventory, in GHG emission estimations for the period of 1990-2014 results 

obtained in the framework of the scientific-research work "Development of methods for estimation 

determination of greenhouse gas emissions from use of varnishes and paints" (the performer - Inno-

vation Center "Ecosystem") [14] were used.   

NMVOC emissions in the Solvents Use category in 2021 amounted to 50.58 kt, having de-

creased compared to the baseline 1990 (274.46 kt) by -81.57%. The significant reduction in emissions 

is due to the sharp decline in oil processing and consumption of paints and varnishes for industrial 

and household purposes. 

 

4.5.4.2 Varnishes and Paints Use (CRF category 2.D.3.b.1) 

 

4.5.4.2.1 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, technolo-

gies that involve use of these processes in Ukraine are: machine engineering, wood processing, repair 
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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 painting - 20-30%, while drying - the rest of 

the volatile component [4-6]. 

Use of paints and varnishes (coatings) in Ukraine is in general technologically homogene-

ous. NMVOC emissions from the use of coatings depend of the following factors: the coating method, 

productivity of the production equipment, and coatings 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 2021 amounted to 39.55 kt, having decreased compared to the baseline 1990 (154.16 kt) 

by 74.34% due to the significant reduction in activities related to use of coatings of all types with the 

exception of those used for painting rolled metal. 

 

4.5.4.2.2 Methodological issues 
 

In this inventory, for the time series of 1990 - 2021 NMVOC emissions from use of paints 

was estimated in accordance with the Methodology for determination of greenhouse gas emissions 

from use of varnishes and paints, developed in 2013 within the scientific-research work [14], which 

was implemented by the Innovation Center "Ecosystem".  

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 are calculated according to the 

equation: 

                 ὗ ὖϽ Ͻ ὖϽ Ͻ  ,                                 (1) 

where: Qt - volume of NMVOC emissions in the inventory year, t; 

P - set amount of coating consumption; 

Korg - share of organically soluble coatings in the product consumption structure; 

Kw- share of water soluble coatings in the consumption structure; 

KPorg - NMVOC emission factor for organically soluble coatings; 

KPw - NMVOC emission factor for water soluble coatings. 

Due to the nature of coating use and characteristics of the industry structure in Ukraine, as 

well as in view of  EMEP/EEA recommendations, in equation (1) the optimal format for disaggrega-

tion of activity data in the category of coating use into subcategories is used, namely: 

¶ 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 painting of tim-

ber, automotive, repair of motor vehicles, painted rolled metal, other industrial use); 

¶ by solvent type (organic-based coatings, water-based coatings); 

¶ by the coating use structure according to the type of use and the type of solvent; 

¶ by the inventory number in the time-series of 1990-2021. 

The basis of the activity data is data of the amount of coating consumption in Ukraine in 

1990 - 2021 taken based on production, exports, and imports data obtained from SSSU [2, 22]. 

NMVOC emission factors (KPorg and KPw). 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 of volatile 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 10503-71, GOST 8292-85. 

For thick-milled oil paints, the figure is between 6 and 11%, for ready to use oil paints - from 12 to 

19%. For oil paints, the volatile substance is mostly an organic solvent. Accordingly, we assume that 

the limits of volatile substance content in oil paints meet the limits of volatile organic substances in 

the commercial product. At the same time, starting from 2007, according to the State Classifier of 

Industrial Products SCIP 016-1997, a number of adjustments were introduced into the statistical re-

porting on the commodity group "Paints and Varnishes Dissolved in a Different Medium", for statis-

tical reporting of organically soluble coating producers.  
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Scientific-research work [14] analyzes and systematizes the state standards, as well as pro-

ducers data of the content of volatile organic compounds in paints in Ukraine, the results of the re-

search are summarized in Table 4.28.  

 

Table 4.28. Content of volatile organic compounds in coatings in Ukraine 

   Type of coating 

The sector where 

the coating is ap-

plied 

NMVOC emission factor, g/kg 

Organically 

soluble (KPorg) 

Water soluble 

(KPw) 

Decorative coat-

ing 

I*  230 33 

II*  230 33 

Industrial coating 

III*  740 33 

IV*  800 33 

V*  500 33 

VI*  720 33 

VII*  480 33 

VIII*  740 33 

**I - for construction and building (professional coating); II - household use of coating (non-

professional coating); III - protective covers for metal surfaces; IV - treatment and painting of timber; 

V - automotive; VI - repair of motor vehicles of all kinds; VII - painted rolled metal; VIII - other 

industrial coating. 

 

4.5.4.2.3 Uncertainties and time-series consistency 

 
For emissions in this category, uncertainties were not estimated. 

 

4.5.4.2.4 Category-specific QA/QC procedures 
 

For estimation of emissions in the category, the following quality control procedures were 

applied: 

¶ comparison of activity data from different sources; 

¶ comparison of emission along the time-series and analysis of activity data trends; 

 

4.5.4.2.5 Category-specific recalculations 
 

In this category, no recalculations were made. 

 

4.5.4.2.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.5.4.3 Degreasing and Dry Cleaning (CRF category 2.D.3.b.2) 
 

4.5.4.3.1 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 and dry cleaning processes in 2021 

amounted to 2.14 kt, which is 88.38% less than the same indicator for 1990 (18.41 kt). Emission data 

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 pro-

duction, which is not set-off by the slight increase of imports in this commodity group. 
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Figure 4.7. NMVOC emissions from degreasing and dry cleaning 

 

4.5.4.3.2 Methodological issues 
 

To calculate NMVOC emissions from degreasing processes, data on final consumption in 

Ukraine of the most common degreasing means are needed: white spirit and technical kerosene. The 

data of white spirit and technical kerosene were taken from SSSU basing on the data of Index of 

industrial production 2021. Data of trichlorethylene and tetrachlorethylene (perchlorethylene) im-

ports were provided by SSSU [22]. The NMVOC emission factor for degreasing agents was taken as 

default value of 1.0; for chemicals used in dry cleaning - 0.8, according to [16]. 

 

4.5.4.3.3 Uncertainties and time-series consistency 
 

For emissions in this category, uncertainties were not estimated. 

 

4.5.4.3.4 Category-specific QA/QC procedures 
 

General QA/QC procedures were applied for estimation of emissions in the category. 

 

4.5.4.3.5 Category-specific recalculations 

 
In this category, no recalculations were made. 

4.5.4.3.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.5.4.4 Chemical Products: Production and Processing (CRF category 2.D.3.b.3) 
 

4.5.4.4.1 Category description 
 

The category covers NMVOC emissions from production and processing of various chemi-

cal products. In this inventory, estimation of NMVOC emissions from the following industries are 

included: 

¶ oil refining; 

¶ production of benzene and xylene; 

¶ production of paints and varnishes; 
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¶ 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 well-developed chemical industry, NMVOC emissions in 

this category are significant (petrol oil, cyclohexane, acetone, cyclohexanone, etc.). In 2021, NMVOC 

emissions from production and processing of chemical products amounted to 8.89 kt, which is 91.27% 

less in relation to the baseline 1990 (101.9 kt). The emissions decrease in the periods of 1990 - 2000 

and 2004 - 2021 are due to the persistent downward trend in oil refining in Ukraine. Detailed infor-

mation of emissions in the category is presented in Fig. 4.8. 

Figure 4.8. NMVOC emissions from chemical production and processing 

 

4.5.4.4.2 Methodological issues 
 

The data of volumes of chemical production and were taken according to SSSU [2]. The 

amounts of  primary oil refining and chemical glass fibers were taken from SSSU basing on the data 

of Index of industrial production 2021. 

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 types 

listed in the inventory of the Republic of Belarus (Table 3.1 [17]) were used, which are similar to 

Ukrainian chemical industry technologies. 

 

4.5.4.4.3 Uncertainties and time-series consistency 
 

For emissions in this category, uncertainties were not estimated. 

 

4.5.4.4.3 Category-specific QA/QC procedures 
 

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

 

4.5.4.4.5 Category-specific recalculations 
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In 2021 in this category recalculation of NMVOC emissions for 2017 - 2020 was made due 

to adjustment of the data of chemical fibers and threads in accordace with data obtained from SSSU 

[2].  

Table 4.29 Recalculation of NMVOC emissions from Chemical Products: Production and 

Processing in 2021. 
2.D.3.b.3 Chemical Products: Production and Processing 2017 2018 2019 2020 

NMVOC  

Emissions (before recalculating), kt 7.51 7.762 8.19 8.63 

Emissions (after recalculating), kt 7.50 7.756 8.17 8.61 

Difference,% -0.17 -0.07 -0.15 -0.16 

 

4.5.4.4.6 Category-specific planned improvements 

 
In this category, no improvements are planned. 

 

4.6 Electronics Industry 
 

In Ukraine, the electronics industry, which includes production of flat panel displays on thin 

film transistors (TFT-FPD) and photovoltaic cells (PV) are absent. Ukraine only conducts SKD as-

sembly of photovoltaic panels. There are no emission assessment in this category. 

 

4.7 Product Uses as Substitutes for Ozone-Depleting Substances (CRF cate-

gory 2.F) 
 

In this section, estimation of HFC emissions used in refrigeration and air conditioning sys-

tems, foam blowing agents, fire protection, aerosols, and solvents was made. 

Inventory of HFC and PFC emissions in this category was conducted in accordance with the 

scientific-research works: by the Ukrainian Research Institute of Medicine and Transport of the Min-

istry of Health of Ukraine "Development of methods of estimation and determination of emissions of 

hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride"[7] and by Cherkasy NIITEKHIM" - 

"Development of methods of estimation and determination of emissions of hydrofluorocarbons, per-

fluorocarbons, and sulfur hexafluoride" [13]. The studies clarified the details of all components used 

as refrigerants, blowing agents, fire protection agents, and gas propellants, as well as to clarify activity 

data and emission factors as a result of their application in manufacture, installation, and operation of 

the equipment where they are used. 

Since HFCs and PFCs are not produced in Ukraine, potential emissions of these gases are 

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 2021, 

the level of disaggregation of the refrigeration equipment category was deepened to four key sub-

categories. 

In 2021 in subcategory of domestic refrigerators only manufacturer in Ukraine, which as a 

refrigerant used isobutane R-600a and HFC-134a to check tightness of evaporator units of domestic 

refrigerators ceased its activities, therefore in 2021 refrigerants for domestic refrigerators were not 

consumed. 
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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. 

In production of autonomous commercial equipment, they use HFC-134a and HFC-404a, in 

centralized systems of commercial and industrial refrigeration equipment they use primarily HFC-

404a, which is the three-component mixed cooling agent of HFC-125/HFC-143a/HFC-134a.  

As the refrigerants in transport refrigeration HFC-134a, HFC-404a and since 2017 HFC-

406a are used.  

In accordance with provisional main findings identified by the ERT calculations of emis-

sions from disposal in commercial, domestic and transport refrigeration were made. 

Data on activities in the refrigeration equipment category are based on data received from 

refrigeration equipment manufacturers, as well as the data obtained from SSSU. Table 4.30 summa-

rizes results of GHG inventory in production and operation of refrigeration equipment in Ukraine. 

 

Table 4.30 Basic data on results of GHG inventory in production and operation of refriger-

ation equipment in Ukraine in 2021. 
Category code 2.F.1.A 2.F.1.B 2.F.1.C 2.F.1.D 

Types of refriger-

ation equipment 

Commercial  Domestic Industrial  Transport  

Gas* HFC-

134ʘ 

HFC-

125 

HFC-

143a 

HFC-

134a 

HFC-

134ʘ 

HFC-

125 

HFC-

143a 

HFC-

134ʘ 

HFC

-125 

HFC-

143a 

HFC-

32 

Activity data  

Filled into new 

manufactured prod-

ucts (primary fill-

ing + tightness 

test), t 

75.00 5.1 6.00 0.0 11.44 0.0014 0.0016 2.3 0.77 0.91 0.0 

HFC-balance after 

the initial filling, t 
73.50 5.04    5.88 0.0 11.1 0.0013 0.0016 2.3 0.81 0.96 0.0 

Amount of HFC in 

exported equipment, t 
13.51 0.0068 0.0058 0.0 2.55 - - - - - - 

Amount of HFC in 

imported equip-

ment, t 
16.93 8.53 6.76    24.03 1.8 0.35 0.28 0.004 0.043 0.05 0.0 

In operating sys-

tems (average an-

nual stocks) 

375.31 71.12 60.97 1071.91 44.5 3.14 1.87 5.63 3.2 3.71 0.001 

Category characteristics and estimated factors 

Key category L/T 

Detail level (Tier) 2ʘ 2a 2ʘ 2b 2b 2ʘ 2b 2a 2a 2a 2a 

Method for deter-

mination of the 

emission factor 

D D D D D D D D D D D 

Emission factor at 

primary (initial) 

filling,% 

2 2 2 0.5 3 3 3 2 2 2 2 

Emission factor 

when testing equip-

ment for tight-

ness,% 

HFCs are not applied 100 HFCs are not applied 

Emission factor at 

operation of the 

equipment,% 

15 15 15 0.5 25 25 25 15 15 15 15 

Disposal emission 

factor,% 
80 80 80 70 100 100 100 50 50 50 50 

Average life of 

equipment 
15 15 15 18 25 25 25 15 15 15 15 

GHG emissions 

HFCs emissions            
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Category code 2.F.1.A 2.F.1.B 2.F.1.C 2.F.1.D 

Types of refriger-

ation equipment 

Commercial  Domestic Industrial  Transport  

Gas* HFC-

134ʘ 

HFC-

125 

HFC-

143a 

HFC-

134a 

HFC-

134ʘ 

HFC-

125 

HFC-

143a 

HFC-

134ʘ 

HFC

-125 

HFC-

143a 

HFC-

32 

at the primary (ini-

tial) filling of the 

equipment(from 

manufacturing), t 

1.5 0.1 0.12 0.0 0.34 0.000042 0.000048 0.046 0.015 0.018 0.0 

at exploitation of 

the equipment(from 

stocks), t 

56.3 10.66 9.15 5.36 11.13 0.785 0.468 0.845 0.48 0.556 0.00021 

from liquidation of 

the equipment, t 
46.06 4.94 5.62 75.31 - - - 0.232 0.33 0.388 - 

Emissions of HFCs 

in the refrigeration 

equipment cate-

gory, total, t 

103.9 15.71 14.88 80.67 11.47 0.785 0.468 1.12 0.823 0.962 0.00021 

Global Warming 

Potential (GWP), t 

CO2-eq. /t 

1430 3500 4470 1430 1430 3500    4470 1430 3500 4470 675 

GHG emissions, kt 

of CO2-eq 
148.5 54.98 66.53 115.35 16.4 2.75 2.09 1.61 2.88 4.3 0.0001 

Change in emis-

sions compared to 

the previous year,% 

0.75 -3.53 -3.96 25.57 -1.64 -15.45 -11.45 -26.55 -42.3 -42.2 -50.0 

Emissions, % of the 

total direct action 

GHG emissions in 

the sector 

0.46 0.2 0.036 0.015 

Uncertainty level estimation  

Uncertainty of ac-

tivity data, % 
34.02 26.13 39.78 39.49 

Uncertainty of the 

emission factor, % 
24.37 20.6 32.78 24.37 

Total uncertainty of 

the emission esti-

mation, % 

41.85 33.27 51.54 46.40 

* Mixed fluoro-gases are represented by components. 

 

4.7.1.1.2 Methodological issues 

 

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 hexafluoride (SF6) at the national level (State En-

terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is based on 2006 IPCC Guidelines 

[1] and 2000 IPCC Guidelines [4]. 

Activity data were obtained or calculated on the basis of the raw data obtained from enter-

prises-producers of refrigeration equipment. Increase in the use of HFC-134a, HFC-125 and HFC-

143a in 2021 explains by increase in imports of HFC-containing equipment according to the statistics 

of imports of the State Custom Service of Ukraine. 

For 2014 - 2021, the analytical study, which includes different approaches, particularly ex-

trapolation, expert judgement and other math and statistical mʝthods [19] was taken into account in 

adjustment of amounts of hydrofluorocarbons consumption, export and import.  
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Estimation of HFC emissions in production was based on data of the enterprises-producers 

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 HFCs in the current 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 equipment, 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 key 

types of equipment and the estimated total content of the cooling agent based on the relevant factors. 

The calculations of emissions from disposal in domestic refrigeration was calculated using the default 

factor, in accordance with IPCC 2006 guidelines[1] and scientific-research work [13].  The calcula-

tion of disposal emissions from domestic refrigeration was performed since 2017 in relation with use 

of assumed life time of the domestic equipment as 18 years, what is related with unstable economic 

situation in Ukraine which influenced on the reducing of the purchasing ability 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 population for the repair of 

domestic refrigerators in accordance with expert assessment [23] of the scientific research institute 

Cherkassy NIITECHIM what allow to use of 18 years as lifetime which does not contradict with 

IPCC 2006 ranges from 12 to 20 years. 

 

4.7.1.1.2.2 Transport refrigeration  

 

Estimation of emissions from manufacturing, exploitation and disposal in transport refriger-

ation was carried out in accordance with IPCC 2006 guidelines[1] according to the Tier 2a using the 

default factor. The activity data were obtained from the main companies using HFCs as a refrigerant 

in automobile and railroad refrigerators for 2014 - 2021, such as "Ukrzaliznytsia" and largest certified 

companies of the installation of refrigeration equipment on motor vehicles, with using the method of 

extrapolation to determine the amount of used HFCs in 2000 ï 2014 in accordance with IPCC 2006, 

Chapter 5: Time series consistency, Section 5.3 Resolving data gaps.  

Emissions in 1990-1999 years did not occurred 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 time-series 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 esti-

mating the uncertainty of activity data and emission factors of hydrofluorocarbons (HFCs), perfluoro-

carbons (PFCs), and sulfur hexafluoride (SF6) in the major categories (SE "Cherkasky NIITEKHIM", 

Cherkasy 2012) [13], based on the specific characteristics of source and calculated data formation in 

2020. 

The calculated uncertainty of the activity data in the category of domestic refrigeration 

equipment in 2021 amounted to 26.13%, of commercial refrigeration systems - 34.02%, of industrial 

cooling systems - 39.79% and transport refrigeration ï 39.49%.  The uncertainty of the default HFC 

emission factors used in the subcategory of domestic refrigeration equipment in 2021 was 20.6%, 

commercial refrigeration systems - 24.37%, industrial cooling systems - 32.78% and transport refrig-

eration - 24.37%. The total emission estimation uncertainty in 2020 made up in the domestic refrig-

eration sub-category - 33.27%, commercial refrigeration systems - 41.85%, industrial cooling sys-

tems - 51.54% and transport refrigeration ï 46.40%. 

 

4.7.1.1.4. Category-specific QA/QC procedures 

 

General QA/QC procedures were applied for estimation of GHG emissions in HFC use.  



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

140 

 

4.7.1.1.5. Category-specific recalculations 

 

In 2021 in this category recalculation of HFC-125 emissions for the 2020 was made due to 

correction of the mechanical misprint occurred by entering data of import of HFC and HFC-contain-

ing equipment for industrial refrigeration systems. 

 

Table 4.31 Recalculation of emissions from Industrial refrigeration in 2000.  
2.F.1.C Industrial  refrigeration  2020 

HFCs  

Emissions (before recalculating), kt 24.37 

Emissions (after recalculating), kt 22.29 

Emission difference,% -8.55 

 

4.7.1.1.6. Category-specific 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 mobile air-conditioning systems 

(SAC) for road, railway, and maritime transport. The key consumer niche in this category is mobile 

air-conditioning systems for road transport (99%).   

In 2022, 11 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 period under review incresed by 45% compared 

with the previous year. Manufacture of vehicles equipped with air-conditioning decreased in the re-

porting year. 

The refrigerant used in automotive and bus air conditioning systems was exclusively HFC-

134a.  

In accordance with provisional main findings identified by the ERT calculation of emissions 

from disposal in Mobile Air Conditioning was made. 

In Ukraine, production of transport air-conditioning (for railway transportation, heavy vehi-

cles in the construction and mining industries) is performed by six companies, three of them use HFC-

134a, HFC-407Cc in production of air-conditioning systems.  

Manufacture of air conditioning systems for river and marine vehicles in 2021 in Ukraine 

was performed by 2 producers. They mainly used fresh or sea water as refrigerants for main air cool-

ing.  

In autonomous air-conditioning systems for marine and river vessels, HFC-407c and R22 

prevail as refrigerants. The second commodity producer filled air conditioning systems with refriger-

ant R22. Table 4.32 summarizes results of GHG inventory in production and operation of vehicle 

SACs in Ukraine. 
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Table 4.32 Basic data on results of GHG inventory in production and operation of vehicle 

SACs in Ukraine in 2021 
Category code 2.F.1.E 

 

Category (type of equipment) 

Mobile Air Conditioning Systems  

for auto-

motive 

vehicles   

for railway transport  for sea 

and 

river 

transport 

Gas HFC-

134ʘ 
HFC-32 

   HFC-

125 

HFC-

134ʘ 

 

Activity data  

Use of the refrigerant in SAC manufacturing (primary 

filling), t  
2.189 0.056 0.056 0.141 NA 

HFC stock after the initial filling, t 2.178 0.056 0.056 0.140 NA 

Amount of HFCs in exported SACs as parts of vehicles, t 0.0 0.00029 0.00032 0.0036 NA 

Amount of HFCs in imported SACs as parts of vehicles, t 31.3 0.00055 0.00059 0.0012 NA 

HFC stock in exported SACs as parts of vehicles, t 331.131 0.182 0.160  1.15 NA 

Category characteristics and estimated factors 

Key category L/T 

Detail level (Tier) 2ʘ 2ʘ 2ʘ 

Method for determination of the emission factor D D D 

Emission factor at primary (initial) filling,% 0.5 0.5 0.7 

Emission factor when testing equipment for tightness,% HFCs are not used 

Emission factor at operation of the equipment,% 15 15 5 

Disposal emission factor,% 70 70 70 

Average lifetime of the equipment, years 18 25 15 

GHG emissions 

HFCs emissions      

at the primary (initial) filling of the equipment, t 0.011 0.00028 0.00028 0.0007 NA 

at operation of the equipment, t 49.67 0.027 0.024 0.172 NA 

at liquidation of the equipment, t 43.74 - - - NA 

Emissions of HFCs in category, total, t 93.42 0.0276 0.024 0.173 NA 

GWP, t CO2-eq /t 1430 675 3500 1430 NA 

GHG emissions, kt of CO2-eq 133.59 0.019 0.085 0.247 NA 

Change in emissions compared to the previous year, % 26.52 24.12 32.53 -3.57 NA 

Emissions, % of the total direct action GHG emissions in 

the sector 
0.23 0.0006 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 mobile air-conditioning 

systems was performed for production and operation of air conditioning systems as parts of vehicles 

using Tier 2a approach. Desaggregation objects in this category were SACs for vehicles and rail 

transport. 

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-

bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) at the national level (State En-

terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is based on 2006 IPCC Guidelines 

[1] and 2000 IPCC Guidelines [4]. 

Estimation of emissions in production was based on data of the producing companies on the 

amount of HFCs used for initial SAC filling and tightness testing of the equipment (if such a technical 

operation was executed). When calculating the total of HFCs in the current stock of vehicles, the 
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average coefficient of filling a piece of equipment with refrigerant was used, which was adopted 

taking into account the amount of filling for each type and class of SAC. Estimation of emissions 

from operation of SACs imported are part of vehicles, which constitutes the current HFC bank in this 

category, was made based on the stock of vehicles imported into Ukraine 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 factor.  

Official data of the SSSU [22] 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 SAC sub-category for rail transport and heavy machinery were calcu-

lated based on input national statistics on exports and imports, as well as on production of rail vehi-

cles[1, 23]. According to the data obtained from enterprises in 2020 there was no HFC-125 and HFC-

32 use for primary filling in rail transport and heavy machinery. In 2021 the use of the HFC-125 and 

HFC-32 for primary filling in rail transport and heavy machinery resumed in accordance with data 

obtained from enterprises. For 2014 - 2021, the analytical study, which includes different approaches, 

particularly extrapolation, expert judgement and other math and statistical mʝthods [19] was taken 

into account in adjustment of amounts of hydrofluorocarbons consumption, export and import.  

Calculation of emissions for railway transport  from production was performed on the basis 

of the data of the amount of HFCs used for the initial SAC filling. When calculating the total HFC 

stock in the operated fleet of railway transport, the maximum refrigerant filling of the equipment unit 

factor (6 kg) was used, which was adopted taking into account data obtained from experts in the field 

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 for 

subcategory Mobile Air Conditioning is related to the fact that, according statistical studies, in the 

current unstable economic situation in Ukraine, the small sales of new 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 years. Taking into account the national circumstances like 

unstable economic situation after the collapse of the USSR in 1991 automobile vehicles in Ukraine 

were producted at only one plant, which does not produces cars with air-conditioned equipment till 

2000. In accordance with scientific research work [13] the import of the air conditioned cars in 

Ukraine starts in 1998. Due to the fact that data of imports of HFCs in automobile vehicles in Ukraine 

for 1998-1999 are not available, the data obtained from SSSU[22] of the total import of cars from 

Europe and other countries were used, which covers all imports, both public and private. Since the 

import of cars in 1998 - 1999 compared to 2000 was not significant, and accordingly the use of HFC 

in automotive air conditioners was also insignificant, a conservative decision was taken into account 

for HFCs emissions use from automo-bile air-conditioners beginning from 2000, since there was 

more accurate information starting from the year 2000. And according to the data received from the 

SSSU [22], import of cars before 1998 was very insignificant, it was assumed that cars with air 

conditioners containing HFCs were not imported to Ukraine until 1998. But, according to 

recommendation of ARR 2017 (I.16, 2017) basing on information of the import of cars in 1998 - 

1999, obtained from SSSU [22] and using extrapolation methods, the calculation of emissions from 

Mobile air conditioning systems in automotive vehicles for the period of 1998 ï 1999 was made. The 

values of the bank in existing equipment for 2000 was calculated taking into account the estimates of 

HFCs included in imported automobile vehicles in 1998 and 1999 basing on the data of the total 

import of cars obtained from the SSSU [22] in accordance with scientific-research work [13].  

 

4.7.1.2.3. Uncertainties and time-series consistency 
 

The uncertainty level of the activity data and emission factors in the mobile air-conditioning 

system (SAC) category was determined based on the Methods of determination and results of calcu-

lations for estimating the uncertainty of activity data and emission factor of hydrofluorocarbons 

(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) in the major categories (SE "Cher-

kasky NIITEKHIM", Cherkasy 2012) [13].  
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For each SAC category (road, railway vehicles), the specific uncertainty factors that affected 

calculation of the uncertainty level of the activity data and emission factors in 2021 were determined.  

The uncertainty level of activity data in the SAC subcategory for the road transport in 2021 

amounted to 26.13%, that of default emission factors ï 23.45%, the total emission estimation uncer-

tainty for the SAC category for road transport accounted for 35.11%. 

The uncertainty level in the SAC sector for road transport in 2021 remained at the level of 

the previous year: the uncertainty of activity data ï 26.13%, the default emission factors ï 23.45%, 

the total emission estimation uncertainty in the sub-category ï 35.11%. 

The key factors contributing into uncertainty of activity data estimation in the SAC subcat-

egory of railway transport are: 

¶ the difficulty of assessing the amount of actually operated railway vehicles with HFC-

containing air conditioning systems during the reporting year,  

¶ the difficulty of identifying the amount of imported railway transport vehicles 

equipped with SACs with HFC refrigerants. 

The uncertainty level of activity data in the SAC subcategory for the railway transport in 

2021 amounted to 34.33%, that of default emission factors ï 29.15%, the total emission estimation 

uncertainty for the SAC category for railway transport accounted for 45.04%. 

 

4.7.1.2.4. Category-specific QA/QC procedures 
 

General QA/QC procedures were applied for estimation of GHG emissions in HFC use.  

 

4.7.1.2.5. Category-specific recalculations 
 

In this category, no recalculations were made. 

 

4.7.1.2.6. Category-specific 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), semi-industrial, and industrial air conditioning systems 

(for non-domestic purposes).  
The key type of air-conditioning 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 of 

the equipment. In small volumes, domestic mobile floor air conditioners are imported to Ukraine. 

To determine GHG emissions from exploitation of imported domestic, semi-industrial, and 

industrial air conditioning systems, we used data from enterprises.  

The customs sampling object was stationary air conditioning systems of various types, 

namely: 

¶ domestic split systems and mobile floor air conditioners; 

¶ semi-industrial conditioning systems (external units, systems containing refrigeration 

units); 

¶ industrial air conditioning systems, including autonomous (with a built-in refrigeration 

unit) ones.  

In accordance with provisional main findings identified by the ERT calculation of emissions 

from disposal in Stationary Air Conditioning was made. The input data characterizing the status of 

http://www.lingvo.ua/ru/Search/Translate/GlossaryItemExtraInfo?text=%d1%8d%d0%ba%d1%81%d0%bf%d0%bb%d1%83%d0%b0%d1%82%d0%b0%d1%86%d0%b8%d1%8f&translation=exploitation&srcLang=ru&destLang=en
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the stationary air conditioning category, as well as data on results of the GHG inventory in 2021 in 

Ukraine are summarized in Table 4.33. 

 

Table 4.33 Basic data on results of GHG inventory in production and operation of stationary 

air-conditioning equipment in Ukraine in 2021. 
Category code 2.F.1.F 

 

Category (type of equipment) 

Domestic air conditioners 

(split systems, floor domestic 

air -conditioners) 

Semi-industrial air conditioners  

Gas* HFC-

32 

HFC-

134ʘ 

HFC-

125 

HFC-

32 

HFC-

125 

HFC-

134ʘ 

HFC-

143ʘ 

Activity data  

Use of a refrigerant in equipment manufac-

turing (primary filling + tightness test), t 

When testing tightness, HFCs are not used 

- - - - - - - 

HFC-balance after the initial filling, t - - - - - - - 

Amount of HFC in exported equipment, t - - - - - - - 

Amount of HFC in imported equipment, t 510.09 - 388.24 43.27 29.55 16.79 0.003 

HFC balance in operated equipment, t 5360.79 36.54 3144.5 374.89 217.49 150.82 3.2 

        

Category characteristics and estimated factors 

Key category L/T 

Detail level (Tier) 2ʘ 2ʘ 2ʘ 2ʘ 2ʘ 2ʘ 2ʘ 

Method for determination of the emission 

factor 
D D D D D D D 

Emission factor at primary (initial) filing,% 0.7 0.7 0.7 1.0 1.0 1.0 1.0 

Emission factor when testing equipment for 

tightness,% 
HFCs are not used 

Emission factor at operation of the equip-

ment,% 
5 5 5 15 15 15 15 

Disposal emission factor,% 70 70 70 70 70 70 70 

Average lifetime of the equipment, years 15 15 15 25 25 25 25 

GHG emissions 

HFCs emissions        

at the primary (initial) filling of the equip-

ment (from manufacturing), t 
- - - - - - - 

 at exploitation of the equipment(from 

stocks), t 
268.04 1.83 157.22   56.23 32.62 22.62 0.480 

 from liquidation of the equipment, t 13.76 1.12 13.8 - - - - 

Emissions of HFCs in the air conditioning 

category, total, t 
281.8 2.95 171.02 56.23 32.62 22.62 0.480 

GWP, t CO2-eq/t 675 1430 3500 675 3500 1430 4470 

GHG emissions, kt of CO2-eq 190.21 4.213 598.58 37.96 114.18 32.35 2.144 

Change in emissions compared to the previ-

ous year,% 
8.92 -16.21 15.15 -3.91 -1.64 -4.35 -14.93 

Emissions, % of the total direct action GHG 

emissions in the sector 
1.36 0.32 

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 

method 2a.  



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

145 

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-

bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) at the national level (State En-

terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is based on 2006 IPCC Guidelines 

[1] and 2000 IPCC Guidelines [4]. 

Activity data were obtained from State Custom Service of Ukraine on import and export of 

air-conditioning equipment in 2021 and from companies producing conditioning equipment. For 2014 

- 2021, the analytical study, which includes different approaches, particularly extrapolation, expert 

judgement and other math and statistical mʝthods [19] was taken into account in adjustment of 

amounts of hydrofluorocarbons consumption, 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 SAC. For domestic air conditioners, the factor 

of 1.5 kg/unit was used, for semi-industrial and industrial ones - 5 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 the 

key types of equipment and the estimated total content of HFCs in it based 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.  

Decrease in the use of HFC-134a and and HFC-143a, as well as an increase of HFC-125, 

HFC-32 in 2021 explains by changes in importation of HFC-containing equipment according to the 

statistics of imports of the State Custom Service of Ukraine. 

 

4.7.1.3.3. Uncertainty factors and time-series 
 

The uncertainty level of the activity data and emission factors in the air-conditioning system 

category was determined based on the Methods of determination and results of calculations for esti-

mating the uncertainty of activity data and emission factors of hydrofluorocarbons (HFCs), perfluoro-

carbons (PFCs), and sulfur hexafluoride (SF6) in the major categories (SE "Cherkasky NIITEKHIM", 

Cherkasy 2012) [13].  

For each sub-category of stationary air conditioning systems, the specific uncertainty factors 

that affected calculation of the uncertainty level of the activity data and emission factors in 2021 were 

determined.  

In the sub-category of domestic air-conditioning systems, the main uncertainty factors were:  

¶ complexity of statistical data samples for identification of the commodity-product range 

and establishing import volumes of stationary air conditioning systems with HFC-con-

taining refrigerants;  

¶ complexity of identification of equipment for domestic, industrial, and semi-industrial 

air-conditioning in analysis of customs statistics, in particular for those manufacturers 

and trade marks where there is a diversified range of commodities and consumer equip-

ment;  

¶ 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 2021 was 20.8% in the category of domestic 

air-conditioning systems, of the default coefficients used - 14.14%, the combined uncertainty of GHG 

emission estimation is 25.15%. 

The key uncertainty factors for activity data in the sub-category of semi-industrial and in-

dustrial air conditioners were:  

¶ lack of official statistical reporting on production in Ukraine of semi-industrial and in-

dustrial air-conditioning systems; 

¶ complexity of identification of industrial and semi-industrial air-conditioning equip-

ment, the absence of unambiguous criteria for grading of such equipment; 

¶ high levels of individualization of technical and consumer parameters of semi-industrial, 

and especially industrial SACs (selection of the refrigerant type, the period of filling the 
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system with refrigerant, high conditionality of typical emission factors at system filling 

and operation, etc.); 

¶ difficulty of establishing the average operation period of the equipment in Ukraine. 

The calculated uncertainty level of activity data in the sub-category in 2021 was 44.44%, of 

the default coefficients used - 29.93%, the combined uncertainty of GHG emission estimation is 

51.96%. The high uncertainty 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 accurate count of 

the number of air conditioning equipment imported to Ukraine. 

 

4.7.1.3.4. Category-specific QA/QC procedures 

 

General QA/QC procedures were applied for estimation of GHG emissions in HFC use.  

 

4.7.1.3.5. Category-specific 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 (CRF category 2.F.2). 

 

4.7.2.1 Category description 

 
Disaggregation of activity and GHG emission data in this category was based on production 

and imports of all types of foam materials and products based on them where hydrofluorocarbon-

based foaming agents are used. These subcategories are: 

¶ one-component polyurethane foams (OPF); 

¶ panels and sandwich panels made of rigid polyurethane foams (RPUF); 

¶ rigid polyurethane foam (PUF insulation by spraying, pouring, injection); 

¶ extruded polystyrene foam (XPS). 

In 2021, hydrofluorocarbons HFC-134a, HFC-245fa, HFC-365mfc, HFC-227ea, HFC-152a 

were used as blowing agents for production and in composition of imports of foam materials (prod-

ucts).  

In the subcategory of one-component polyurethane foams in 2021 one producer operated, 

which used as a blowing agent a mixture of propane-butane, Freons R-22 and R-406. Imports of OPFs 

containing HFCs were minimal. 

In the subcategory of PUF panels and sandwich panels in 2021, out of the 15 producers 

operating 10 companies used as blowing agents CO2(H2O), pentane, HCFC 141b-based polyols. Im-

ports of PUF panels and sandwich panels comprising HFC as the blowing agent were estimated on 

the basis of an analytical sample of customs statistics data and expert estimates. 

In the subcategory of rigid insulation PUF produced by spraying, pouring, injection, in 

Ukraine there are around 160 enterprises in various fields of specialization that carry out technologi-

cal and production work forming rigid polyurethane foam insulation for various purposes: for ware-

house and industrial premises, electrical products, refrigeration equipment, automotive industry, and 

others. 

In the subcategory of XPS, in 2021 2 manufacturers of XPS plates operated and used as the 

blowing agent carbon dioxide alone or as a mixture with ethyl alcohol, and a mixture of chlorofluoro-

carbons and hydrochlorofluorocarbons (R22, R-142, R-406) with isobutane R-600A.  

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 sources. 
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They included data on the amounts of hydrofluorocarbons use for production of foamed materials 

(products), trademarks and formulations of HFC-containing polyols, etc. Table 4.34 summarizes re-

sults of GHG inventory in production and use of foamed HFC-containing materials. 
 

Table 4.34 Basic data on results of GHG inventory in production and use of foamed HFC-

containing materials in 2021. 
Category code 2.F.2 

 

Type of foamed 

materials (prod-

ucts) 

OPF 

Panels and sand-

wich panels 

made of PUF 

RPUF insulation by spraying, pouring, 

injection 

Extruded foamed 

polystyrene 

Gas HFC-

134ʘ 

HFC-

134ʘ 

HFC-

245fa 

HFC-

134ʘ 

HFC-

245fa 

HFC-

365mfc 

HFC-

227ʝʘ 

HFC-

134ʘ 

HFC-

152ʘ 

Activity data  

HFC amount used 

in production of 

foamed materials 

(products), t 

0.0 23.5 0.0 69.59 0.0 0.0 18.82 0.0 0.0 

HFC amount con-

tained in exports of 

foamed materials 

(products), t 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

HFC amount con-

tained in imports 

of foamed materi-

als (products), t 

51.47 1.16 1 0.0 0.0 0.0 0.0 0.472 129.0 

HFC stock as of 

the end of 2020, t 
0.0 28.76 19.4 433.46 135.42 138.54 105.52 146.9 1612.3 

Category characteristics and estimated factors 

Key category No No No No No No No No No 

Detail level (Tier) 2ʘ 2ʘ 2ʘ 2ʘ 2ʘ 2ʘ 2ʘ 2ʘ 2ʘ 

Method for deter-

mination of the 

emission factor 

D D D D D D D D D 

Emission factor for 

the first year,% 
100.0 12.5 12.5 25.0 25.0 25.0 25.0 40.0 40.0 

Emission factor 

from the stock,% 
0.0 0.5 0.5 1.5 1.5 1.5 1.5 3.0 25.0 

Average service 

life of the material 

(product) during 

operation, years 

1 50 50 50 50 50 50 50 50 

GHG emissions 

HFCs emissions          

in manufacture of 

foamed materials 

(products), t 

0.0 2.94 0.0 17.4 0.0 0.0 4.71 0.0 0.0 

in operation of 

foamed materials 

(products), t 

51.47 0.144 0.097 6.502 2.031 2.08 1.58 4.407 403.8 

Emissions of HFCs 

in category, total, t 
51.47 3.08 0.097 23.9 2.031 2.08 6.29 4.407 403.08 

GWP, t CO2-eq /t 1430 1430 1030 1430 1030 794 3220 1430 124 

GHG emissions, kt 

of CO2-eq 
73.61 4.4 0.099 34.18 2.092 1.65 20.25 6.302 49.98 

Change in emis-

sions compared to 

the previous year 

(increase/decrease 

rate),% 

16.7 15.81 15.695 7.004 
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Category code 2.F.2 

 

Type of foamed 

materials (prod-

ucts) 

OPF 

Panels and sand-

wich panels 

made of PUF 

RPUF insulation by spraying, pouring, 

injection 

Extruded foamed 

polystyrene 

Gas HFC-

134ʘ 

HFC-

134ʘ 

HFC-

245fa 

HFC-

134ʘ 

HFC-

245fa 

HFC-

365mfc 

HFC-

227ʝʘ 

HFC-

134ʘ 

HFC-

152ʘ 

Emissions, % of 

the total direct ac-

tion GHG emis-

sions in the sector 

0.13 0.008 0.1 0.096 

Uncertainty estimation  

Uncertainty of activ-

ity data, % 
22.07 28.35 29.15 11.70 

Uncertainty of the 

emission factor, % 
7.07 36.05 32.02 20.0 

Uncertainty of the 

emission estima-

tion, % 

22.63 45.86 43.30 23.17 

 

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, except for one-component poly-

urethane foams, are closed pore foams. 

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-

bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) at the national level (State En-

terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is based on 2006 IPCC Guidelines 

[1] and 2000 IPCC Guidelines [4]. 

Activity data were obtained or calculated from the raw data of enterprises-producers and an 

data of Index of industrial production 2021 obtained from SSSU for production of foams in 2021 as 

well as from State Custom Service of Ukraine on import of HFC-152a for Extruded foamed polysty-

rene in 2021. 

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 each sub-category. 

In some foamed material sub-categories, amounts - usually minor - of imports with an uni-

dentified foam blowing agent were detected. The concession method was applied to them based on 

expert judgment regarding the proportion of foam materials that could contain hydrofluorocarbons as 

blowing agents. 

For each sub-category 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 HFC-152a emissions from its use in Extruded foamed polystyrene 

production was performed for the first time. The default emission factors for production and opera-

tion, as well as the average data on the lifetime of the materials (products) were applied for HFC-

152a emission calculation in accordance with 2006 IPCC Guidelines [1]. The calculations of HFC-

152a emissions from Extruded foamed polystyrene production were performed only for 2011- 2021 

according to the data of HFC-152a import provided by State Custom Service of Ukraine. In accord-

ance with data obtained from State Custom Service of Ukraine the import of HFC-152a for Extruded 

foamed polystyrene production for 1990 ï 2010 was absent. 

 

4.7.2.3. Uncertainties and time-series 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 of 
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calculations for estimating the uncertainty of activity data and emission factors of hydrofluorocarbons  

(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) in the major categories (SE "Cher-

kasky NIITEKHIM", Cherkasy 2012) [13]. 

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 emission 

estimation uncertainly levels, in 2021 were determined and applied.  

The general uncertainty factors in almost all subcategories of foamed materials (products) 

were: difficulty of identifying foam blowing agents in general and HFC-based 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 2021 was from 11.70 to 29.15%; of default HFC emission 

factors - from 7.07 to 36.05%, of emission estimates - from 22.63 to 45.86%. 

 

4.7.2.4. Category-specific QA/QC procedures 

 
General QA/QC procedures were applied for estimation of GHG emissions in HFC use. An 

expert judgement from a group of experts of SE "Cherkasky NIITEKHIM" was obtained for this 

category. 

 

4.7.2.5. Category-specific recalculations 

 

   In 2021 in this category recalculation of HFC emissions in 2011 - 2020 for Foam Blowing 

Agents was made due to accounting of the HFC-152a emissions that were calculated for the first 

time in accordance with 2006 IPCC Guidelines [1] and data obtained from State Custom Service of 

Ukraine. 

Table 4.35 Recalculation of HFC emissions in foam blowing agents in 2011-2020. 
2.F.2 Foam Blowing Agents 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

HFCs           

Emissions (before recalculating), kt 97.15 69.12 77.60 72.50 61.70 73.72 82.52 97.17 106.68 123.74 

Emissions (after recalculating), kt 100.32 72.66 88.07 93.76 85.23 102.70 115.84 134.34 147.14 169.84 

Emission difference,% 3.27 5.12 13.49 29.32 38.13 39.31 40.37 38.25 37.93 37.26 

 

4.7.2.6. Category-specific planned improvements 

 

See in Annex A8.2 Improvement plan for NIR. 

 

4.7.3 Fire protection (CRF category 2.F.3) 
 

4.7.3.1 Category description 

 

In the fire extinguisher category, 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 fire-extinguishing system, in 2021 only HFC-125 and HFC-227ea were applied. 

Manufacture of fire-fighting equipment using HFCs as a fire extinguishing agent in 2021 

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:  

¶ information on the amount of use of fluorine gases (by type) for production of gas fire 

fighting modules (GFFM); 

¶ information on the amount of filling with fluorine gases fire fighting modules of various 

sizes derived from technical specifications. 

Documented activity data were provided by producers of GFFMs. 
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Enterprise data were used to determine the HFC stock and emissions from operation of the 

existing fleet of gas extinguishing systems in Ukraine.  

The object of the sample was charged gas extinguishing units containing HFC-125 and HFC-

227ea. Table 4.36 summarizes results of GHG emission inventory in production and operation of gas 

extinguishing systems using HFCs. 

 

Table 4.36. Basic data on results of GHG inventory in production and operation of gas fire 

fighting modules (GFFMs) in 2021. 
Category code 2.F.3  

Type of equipment Gas fire fighting modules (GFFMs) 

Extinguishing agent (gas) HFC-125 HFC-227ʝʘ 

Activity data  

Use of HFCs in equipment production, t 22.28 21.1 

Amount of HFC in exported equipment, t - - 

Amount of HFC in imported equipment, t 9.61 9.33 

HFC stock in the operated equipment as of the end of 2020, t 202.06 192.94 

HFC stock in the operated equipment as of the end of 2021, t 225.87 215.66 

Category characteristics and estimated factors 

Key category No No 

Detail level (Tier) 1ʘ 1ʘ 

Method for determination of the emission factor D D 

Emission factor at operation of the equipment,% 4 4 

Average life of equipment 15 15 

GHG emissions 

HFCs emissions   

 at operation of the equipment, t 9.03 8.63 

 at liquidation of the equipment, t 0.0 0.0 

Emissions of HFCs in category, total, t 9.03 8.63 

GWP, t CO2-eq /t 3500 3220 

GHG emissions, kt of CO2-eq 31.62 27.78 

Change in emissions compared to the previous year (increase/de-

crease rate), % 
11.78 11.78 

Emissions, % of the total direct action GHG emissions in the sector 0.054 0.048 

Uncertainty level estimation  

Uncertainty of activity data, % 16.70 

Uncertainty of the emission factor, % not performed 

Uncertainty of the emission estimation, % 16.70 

 

4.7.3.2 Methodological issues 

 
Estimation of hydrofluorocarbon emissions in this category was performed for production 

and operation of gas fire extinguishing systems using 1a level method.  

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-

bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) at the national level (State En-

terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is based on 2006 IPCC Guidelines 

[1] and 2000 IPCC Guidelines [4]. 

Activity data in 2021 in the category of fire fighting systems were obtained or calculated on 

the basis of input data: 

¶ on volumes of equipment production and the content of the fire-extinguishing agent re-

ceived from fire-fighting equipment manufacturing enterprises and to the statistics of 

imports of the State Custom Service of Ukraine; 

¶ 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 (HFC-125 and HFC-227ea). 

 

4.7.3.3 Uncertainties and time-series consistency 
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The uncertainty level of the activity data and emission factors in the fire extinguisher cate-

gory was determined based on the Methods of determination and results of calculations for estimating 

the uncertainty of activity data and emission factor of hydrofluorocarbons  (HFCs), perfluorocarbons 

(PFCs), and sulfur hexafluoride (SF6) in the major categories (SE "Cherkasky NIITEKHIM", Cher-

kasy 2012) [13], based on the specific characteristics of input and calculated data formation in 2021. 

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 category 

were: 

¶ complexity of obtaining data on the amount of HFC use for maintenance of existing gas 

extinguishing systems (the current period);  

¶ 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 2021 was 16.70%.  

 

4.7.3.4 Category-specific QA/QC procedures 

 
General QA/QC procedures were applied for estimation of GHG emissions in HFC use.  

 

4.7.3.5 Category-specific recalculations 

 
In 2021 in this category recalculation of HFC emissions in 2018 - 2020 for Fire protection 

was made due to adjustment of the data of the use of HFCs in equipment production in accordance 

with data obtained from enterprises. 

 

Table 4.37 Recalculation of HFC emissions in foam blowing agents in 2018-2020. 
2.F.3 Fire protection 2018 2019 2020 

HFCs    

Emissions (before recalculating), kt 39.68 43.31 47.03 

Emissions (after recalculating), kt 41.78 48.00 53.14 

Emission difference,% 5.307 10.823 12.989 

 

4.7.3.6 Category-specific planned improvements 

 

See in Annex A8.2 Improvement plan for NIR. 

 

4.7.4 Aerosols (CRF category 2.F.4) 

 

4.7.4.1 Category description 

 
In 2021 in Ukraine use of hydrofluorocarbons (HFC-134a) in this category was observed 

exclusively in production and consumption of medical aerosols for inhalation and for other purposes 

(metered-dose aerosol inhalation, aerosols for external use, etc.).  

In Ukraine, three producers of aerosols for medical purposes operated in 2021, which used 

HFC-134a in production as a propellant gas. Ukraine only imported inhalation and other aerosol med-

ications containing HFC-134a as the propellant gas. HFC-152a was not imported to Ukraine. 
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Formation of activity data for production of aerosol formulations for medical purposes was 

based on data obtained directly from the manufacturers. They included data on production volumes 

of aerosols for medical purposes containing HFC-134a (in aerosol bottles and in tons by product 

names), HFC volumes used in manufacture of medical aerosols, the content of the propellant gas. 

Documented activity data were obtained in this category from all manufacturers. 

In 2021, only HFC-134a was used in production and importation of aerosol formulations for 

medical purposes, HFC-227ea was not included into the composition of the imported aerosols. Table 

4.38 summarizes results of GHG inventory in production and use of HFC-containing aerosols. 

 

Table 4.38 Basic data on results of GHG inventory in production and use of HFC-containing 

aerosols in 2021. 
Category code 2.F.4 

Category 

Aerosols 

Aerosols for medi-

cal purposes 

 Aerosols for industrial  

purposes 

Gas HFC-134ʘ HFC-134ʘ HFC-152ʘ 

Activity data  

HFC amount used in production of aerosols, t 21.25 - - 

HFC amount contained in exports of aerosols, t 3.47 - - 

HFC amount contained in aerosol supplies for the domestic market, t - - - 

HFC amount contained in imports of aerosols, t 53.16 - - 

Net consumption of HFCs contained in aerosols, t 71.06 - - 

Category characteristics and estimated factors 

Key category No - - 

Detail level (Tier) 2ʘ - - 

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, years 2 - - 

GHG emissions 

HFCs emissions    

at aerosol use, t 83.96 - - 

Emissions of HFCs in category, total, t 83.96 - - 

GWP, t CO2-eq /t  1430 - - 

GHG emissions, kt of CO2-eq 120.07 - - 

Change in emissions compared to the previous year (increase/de-

crease rate),% 
6.74 - - 

Emissions, % of the total direct action GHG emissions in the sector 0.21 - - 

Uncertainty estimation  

Uncertainty of activity data, % 6.70 

Not determined Uncertainty of the emission factor, % 5.39 

Uncertainty of the emission estimation, % 8.60 

 

4.7.4.2 Methodological issues 
 

Estimation of emissions of hydrofluorocarbons in the category of aerosols was carried out 

using 2a level method. 

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-

bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) at the national level (State En-

terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is based on 2006 IPCC Guidelines 

[1] and 2000 IPCC Guidelines [4]. 
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The calculation of the volume of production, exports, and imports of aerosols for medical 

purposes included counting of the number of produced, exported, and imported products by trade 

names of the drugs in vials and in tons (gross weight). 

Estimation of GHG emissions in this category was based on calculation of net consumption 

of HFCs in composition of aerosols in the current period based on the default emission factor for the 

propellant gas of 50% during the first year, and the HFC stock as of the beginning of the year (50% 

from the previous year's indicator). 

In 2021, the decrease dynamics in HFC emissions from the category of aerosol products for 

medical purposes in Ukraine resumed. This trend is likely to be situational and is due, in addition to 

the purchasing power, to the administration of the domestic pharmaceutical market. 

 

4.7.4.3. Uncertainties and time-series 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 un-

certainty of activity data and emission factors of hydrofluorocarbons (HFCs), perfluorocarbons 

(PFCs), and sulfur hexafluoride (SF6) in the major categories (SE "Cherkasky NIITEKHIM", Cher-

kasy 2012) [13].  

The key uncertainty factors in this category in 2021 were:  

¶ 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 another unit is 

specified in the customs declaration (weight, value); 

¶ 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 2021 on the composition 

of aerosol formulations for medical purposes ensured the lowest level of uncertainties in this category. 

The total uncertainty of activity data in the aerosol category was 6.70% in 2021, 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. Category-specific QA/QC procedures 
 

General QA/QC procedures were applied for estimation of GHG emissions in HFC use.  

 

4.7.4.5. Category-specific recalculations 
 

In this category, no recalculations were made. 

 

4.7.4.6. Category-specific planned improvements 
 

See in Annex A8.2 Improvement plan for NIR. 

 

4.7.5 Solvents (CRF category 2.F.5) 

 
In Ukraine, homogeneous solvents and/or mixed (heterogeneous) solvents using HFCs as 

the primary solvent or blend solvent were not produced in 2021. Analysis of the statistics for 2021 

confirmed that solvents were not imported to Ukraine. Therefore, estimation of GHG emissions in 

this category was not performed. 

 



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

154 

4.7.6 Other Applications of Substitutes for Ozone-Depleting Substances(CRF cat-

egory 2.F.6) 
 

As a result of the analysis of imports and domestic sales of HFCs and sulfur hexafluoride in 

2020, no data on use of these gases used in other industries were obtained..   

Therefore, estimation of GHG emissions in this category was not performed. 

 

4.8 Other Product Manufacture and Use (CRF category 2.G) 
 

Emissions in this category are estimating from sulphur hexafluoride (SF6) from the manu-

facture and use of electrical equipment and a number of other products and emissions of nitrous oxide 

(N2O) use for medical purposes. The main SF6 emissions occurs only from its use in gas-insulated 

equipment and N2O 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 categories included in this category are shown by each subcategory in relevant 

chapters. 
 

4.8.1 Electrical Equipment (2.G.1 CRF) 

 

4.8.1.1 Category description 
 

Sulphur hexafluoride (SF6) is used for transmission and distribution of electric power in 

switching systems and high voltage equipment (52-380 kV), as well as in medium voltage systems 

(10-52 kV). 

Ukraine has no own production of sulfur hexafluoride (SHF/SF6). It is imported to Ukraine 

in volumes necessary for production of own gas-insulated equipment, annual assembly and installa-

tion of new equipment, as well as for repair and normal operation of the existing fleet of gas-insulated 

equipment. 

A bulk of imported sulfur hexafluoride (over 65%) is used for repair and operation of the 

available fleet of gas-insulated equipment at electrical substations of the Ministry of Energy and 

Mines, the Ministry of Infrastructure, industrial enterprises in other sectors. Around 20% of SF6 im-

ported to Ukraine was used in production of gas-insulated equipment: transformers and gas-insulated 

switchgears. Ukraine has no own production of gas-insulated circuit breakers. Industrial consumption 

SF6 is mainly concentrated in the two segments: production of complete gas-insulated switchgears, 

production of complete gas-insulated transformer substations, and production of gas-insulated current 

and voltage transformers. Table 4.39 summarizes results of GHG inventory in production and opera-

tion of gas-insulated equipment. 

 

Table 4.39 Basic data on results of GHG inventory in production and operation of gas-in-

sulated equipment in 2021. 
Category code 2.G.1 

Category (type of equipment) Gas-insulated equipment 

Gas Sulfur hexafluoride  

Activity data  

The amount of SF6 imported into Ukraine in 2021, t 27.21 

Number SF6 used in production of gas-insulated equipment (filling stage), t 1.007 

Amount of SF6 in exported gas-insulated equipment, t - 

Amount of SF6 in imported gas-insulated equipment, t 26.69 

Amount of SF6 in installed gas-insulated equipment (nameplate capacity of new equip-

ment put into operation in 2021), t 
50.95 

Amount of SF6 in operated gas-insulated equipment (nameplate capacity of operated 

equipment as of the end of 2020), t 
377.15 

Amount of SF6 in operated gas-insulated equipment (nameplate capacity of operated 

equipment as of the end of 2021), t 
426.21 

Category characteristics and estimated factors 
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Key category No 

Detail level (Tier) 2ʘ, 3ʘ 

Method for determination of the emission factor D 

SF6 emission factor in production of gas-insulated equipment (the filling stage),% 0.5 

The emission factor at assemblage (installation) of gas-insulated equipment,% 0.0 

Emission factor at operation of gas-insulated equipment,% 0.5 

Average lifetime of the equipment, years 30-40 

GHG emissions 

SF6 emissions  

at manufacture of the equipment (the filling stage), t 0.005 

at installation (assembly) of gas-insulated equipment, t 0.011 

at operation of gas-insulated equipment, t 2.13 

SF6 emissions in the gas-insulated equipment category, total, t 2.15 

GWP, t CO2e/t 22800 

GHG emissions, kt of CO2e 48.94 

Growth/reductionof emissions compared to the previous year (+/-),% 11.6 

Emissions, % of the total direct action GHG emissions in the sector 0.084 

Uncertainty level estimation  

Uncertainty of activity data, % 34.104 

Uncertainty of the emission factor, % 18.0 

Uncertainty of the emission estimation, % 38.56 

 

4.8.1.2 Methodological issues 
 

Estimation of sulfur hexafluoride emissions in this category was conducted at production 

and operation of gas-insulated 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 hexafluoride (SF6) at the national level (State En-

terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is based on 2006 IPCC Guidelines 

[1] and 2000 IPCC Guidelines [4]. 

The activity data in 2021 in this category were obtained from manufacturers of high-voltage 

gas-insulated switchgears, 0.4-110 kV gas-insulated transformers, and gas-insulated equipment using 

companies and using the method of substitution due to the lack of concretely data for 2021 in accord-

ance with data obtained from State Custom Service of Ukraine. Data on actual volumes of sulfur 

hexafluoride used in production of gas-insulated equipment in 2021 were also obtained from the en-

terprises-producers with using analytical study, which includes different approaches, particularly ex-

trapolation, expert judgement and other math and statistical mʝthods [19] for adjustment of volumes 

of sulfur hexafluoride in 2014 - 2021. 

During the inventory in the subcategory, the SF6 emission factor (0.5%) in production of 

gas-insulated equipment was used, which was established on the basis of factual data obtained from 

manufacturers using Tier 3a method (the mass-balance method).  

In accordance with the "Methodology for calculating emissions of hydrofluorocarbons 

(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) at the national level" (State Enter-

prise "Cherkasky NIITEKHIM", Cherkasy, 2012) [13], the SF6 emission factor in operation was es-

tablished on the basis of data from gas-insulated equipment producing and supplying enterprises. 

For complete gas-insulated switchgear, as a rule, the zero SF6 emission factor during opera-

tion is applied (for the exception of emergency equipment repairs), or a factor not more than 0.1%.  

For some imported second-generation gas-insulated equipment (current and voltage trans-

formers), the SF6 emission factor is set at less than 0.1%.  

To calculate SF6 emissions during operation of gas-insulated equipment in this category in 

2021, the average factor of 0.5% was applied. 

 

4.8.1.3 Uncertainties and time-series consistency 
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The uncertainty level of the activity data and emission factors in the gas-insulated equipment 

category was determined based on the Methods of determination and results of calculations for esti-

mating the uncertainty of activity data and emission factors of hydrofluorocarbons (HFCs), perfluoro-

carbons (PFCs), and sulfur hexafluoride (SF6) in the major categories (SE "Cherkasky NIITEKHIM", 

Cherkasy 2012) [13], based on the specific characteristics of input and calculated data formation in 

2016. 

Activity data in the gas-insulated equipment category were submitted by the producing com-

panies, consumer companies, and importers of the equipment for the domestic market. 

In 2021, the key activity data uncertainty factors in the category of gas-insulated electrical 

equipment were: 

¶ the difficulty of obtaining comprehensive data on availability of the gas-insulated ele-

ment with SF6 in gas-insulated electrical equipment imported to Ukraine (for individual 

production companies); 

¶ possible partial identification of the consumer range and data collected from enterprises 

consuming gas-insulated electrical equipment; 

¶ possible inaccuracies in calculation of the nameplate capacity of newly installed and op-

erated gas-insulated equipment. 

The calculated activity data uncertainty level in the category of gas-insulated equipment 

amounted to 34.104% for the period indicated. 

The uncertainty of the default emission factors in the category of gas-insulated equipment in 

2021 was 18%. 

The overall uncertainty of sulfur hexafluoride emission estimation was 38.56% in 2021. 

 

4.8.1.4 Category-specific QA/QC procedures 
 

General QA/QC procedures were applied for estimation of GHG emissions in SF6 use.  

 

4.8.1.5 Category-specific recalculations 

 
In 2021 in this category recalculation of SF6 emissions was made due to adjustment of the 

data of the amounts of SF6 in installed gas-insulated equipment for 2019 - 2020 according to the data 

obtained from enterprises. 

 

Table 4.40 Recalculation of SF6 emissions in gas-insulated equipment in 2019-2020. 
2.G.1 Electrical Equipment 2019 2020 

SF6   

Emissions (before recalculating), kt 38.67 43.16 

Emissions (after recalculating), kt 38.79 43.35 

Emission difference,% 0.30 0.44 

 

4.8.1.6 Category-specific planned improvements 
 

See in Annex A8.2 Improvement plan for NIR. 

 

4.8.2 SF6 and PFCs from Other Product Uses (CRF category 2.G.2) 
 

In accordance with the scientific-research works: by the Ukrainian Research Institute of 

Medicine and Transport of the Ministry of Health of Ukraine "Development of methods of estimation 

and determination of emissions of hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride"[7] 

and by Cherkasy NIITEKHIM" - "Development of methods of estimation and determination of emis-

sions of hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride" [13] as well as from data 

obtained from State Custom Service of Ukraine there is no SF6 and PFCs from other product uses in 

Ukraine, therefore emissions in this category are not estimated. 
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4.8.3 N2O from Product Uses (2.G.3 CRF) 

 

4.8.3.2.1 Category description 

 
In this category, nitrous oxide emissions from its use for medical purposes (anesthesia) are 

estimated. Nitrous oxide emissions in 2021 amounted to 0.351 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 seamless hermetically sealed containers of carbon 

steel in accordance with GOST 949-73 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 the 

gas is exhaled by the patient (elimination - 100%) with no utilization, and 100% of its volume releases 

into the environment.  

 

4.8.3.2 Methodological issues 

 
In this inventory, for the first time in the time series of 1990-2021, estimation of nitrous 

oxide emissions from its use for medical purposes is done under the algorithm developed by the State 

Enterprise "Ukrainian Research Institute of Transport Medicine of the Ministry of Health of Ukraine" 

and described in the scientific-research 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: 

                                 

                                               ὗὸ ὢὕὍὃὍὃ ὔ ,                               (2) 

where: Q(t) - the volume of nitrous oxide emissions from its use for medical purposes in 

year t, kt; 

XO - the number of surgeries conducted, surgeries/year; 

IA - the share of inhalation surgeries in the structure of the total number of surgical proce-

dures performed; 

IAN2O - 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 1990 - 2021 were 

analyzed and systematized in the expert estimation4 in accordance 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 mʝthods [19] for adjustment of number of surgical operations in 2014 - 2021. The detailed in-

formation is presented in Table 4.41 below. In general, the number of surgical operations has gradu-

ally decreased from 4280.605 thousand in 1990 to 2960.356 thousand in 2020, as well as in 2021 ï 

3086.921 thousand. This trend from 1990 to 2021 is due to a number of reasons: an increase in the 

general morbidity rate in the population until 2013, the growing number of patients who require sur-

gical operations, the number of detected tumors, diseases of the blood circulatory system and the 

urinary tract, as well as introduction into the surgical practice of new technologies in line with an 

increase in the scope of planned surgical 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 the time-series of 1990-

2021 was calculated in the expert estimation1, according to which this factor gradually increased from 

 
4 A. Fedoruk, MD, Professor of Surgery and Urology Department,  Bukovysky State Medical University, deputy chief 

physician at the medical unit of Chernivtsi city hospital. 
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0.15 in 1990 and reached the value of 0.51 in 2021, which is displayed in table 4.41 below. This trend 

is typical for the majority of countries in the world and was supported by improvement of the material 

and technical base of medical and preventive treatment facilities of Ukraine: only in the last few years 

Ukraine received and distributed more than 800 anesthesia and respiratory devices, which allows for 

inhalation anesthesia. 

The proportion of nitrous oxide use as an anesthetic (IAN2O). The value of the IAN2O factor 

for the time-series of 1990-2021 was calculated in the expert estimation1, according to which this 

factor gradually increased from 0.100 in 1990 and reached the value of 0.279 in 2021, which is dis-

played in table 4.41. This trend is due to the relatively low cost of using nitrous oxide as an anesthetic. 
The amount of nitrous oxide used per inhalation surgery (N). In the scientific research work 

[18], it was found that the average weight of nitrous oxide used per inhalation surgery is 0.8 kg. The 

value of the factor is based on the analysis of nitrous oxide use in 81 health facilities of Ukraine.  

 

Table 4.41. Use of nitrous oxide for medical purposes in Ukraine, 1990 - 2021. 

Year 

The total number of 

surgical operations 

(XO), thousand 

The share of inhalation 

anesthesia 

(IA)  

The proportion of inha-

lation anesthesia using 

N2O (IA N2O) 

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 

 

4.8.3.3 Uncertainties and time-series 

 
The range of activity data and emission factor uncertainty estimates in the category Other 

Applications is displayed in table 4.42. and was determined in accordance with 2006 IPCC Guidelines 

[1]. 
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Table 4.42. The range of uncertainty estimates 

Parameter 
Estimated uncertainty 

"-" "+" 

Activity data  

The number of surgical operations, XO 5 5 

Completeness of the sampling and data processing time se-

ries 
7.8 7.8 

The balance of domestic consumption of nitrous oxide 10 10 

Uncertainty of activity data 13.63 13.63 

Emission factors 

The share of inhalation surgeries, IA 10 10 

The proportion of nitrous oxide use as an anesthetic, IAN2O 26.42 26.42 

Uncertainty of nitrous oxide emission factors 28.25 28.25 

Standard uncertainty of N2O emissions 31.37 31.37 

 

4.8.3.4 Category-specific QA/QC procedures 

 
For estimation of emissions in the category, the following quality control procedures were 

applied: 

¶ comparison of activity data from different sources; 

¶ comparison of emission along the time-series and analysis of activity data trends; 

 

4.8.3.5 Category-specific recalculations 

 
In 2021 in this category recalculation of N2O emissions from Other product uses was made 

due to adjustment of the data of number of surgical operations in 2020 according to the data ob-

tained from enterprise. 

 

Table 4.43 Recalculation of emissions from N2O in Other product uses in 2020. 
2.G.3 N2O from Product Uses 2020 

N2O  

Emissions (before recalculating), kt 0.3389 

Emissions (after recalculating), kt 0.3370 

Emission difference,% -0.57 

 

4.8.3.6 Category-specific planned improvements 
 

In this category, no improvements are planned. 

 

4.9 Other (CRF category 2.H) 
 

Emissions in this category are estimating from pulp, paper, food and beverages production. 
In this categories only the precursors and SO2 emissions occurs. The subcategories in this category 

are not the key sources of emissions.  The activity data collection, methodological issues as well as 

QA/QC procedures etc. by the categories included in this category are shown by each subcategory in 

relevant chapters.    

 

4.9.1 Pulp and Paper Production (CRF category 2.ʅ.1) 
 

4.9.1.1 Category description 

 
Pulp and paper industry produces various types of paper and cardboard manufacturing tech-

nology of which consists in obtaining paper mass from fibrous material - pulp. The raw material for 



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

160 

paper pulp is wood. In pulp and paper production emissions of NMVOCs, NOx, CO, and SO2 occurs. 

Since 2011, pulp has not been produced in Ukraine. Table 4.44 shows the basic data on the results of 

GHG inventory in paper production. 

 

Table 4.44. The basic data on the results of GHG inventory in paper and pulp production in 

2021. 
Category code 2.H.1 

Gases Nʆʭ CO NMVOC SO2 

Emissions from production, kt 1.087 5.976 2.173 2.173 

Change in emissions compared to the pre-

vious year,% 
5.60 

Change in emissions compared to the 

baseline year,% 
    129.53 

Emissions, % of emissions in the sector 4.39 16.4 1.96 3.8 

The key category No 

Detail level (Tier) 1 1 1 1 

Method for determination of the emission 

factor 
D D D D 

Emission factor at production, t/t 0.001 0.0055 0.002 0.002 

 

4.9.1.2 Methodological issues 

 
Emissions of  NMVOC, NOx, CO, and SO2 in paper manufacture were determined in ac-

cordance with 2013 EMEP/EEA recommendations [6]. Data on the amounts of paper production in 

Ukraine were obtained from SSSU[2]. The default GHG and SO2 emission factors were used.  

 

4.9.1.3 Uncertainties and time-series consistency 

 
Since in pulp and paper production GHG emissions do not happen, the uncertainty of emis-

sion estimation results in this category was not calculated. 

 

4.9.1.4 Category-specific QA/QC procedures 

 
General QA/QC procedures were applied to calculation of GHG emissions from paper pro-

duction. 

 

4.9.1.5 Category-specific recalculations 
 

In this category, no emission recalculations were made. 

 

4.9.1.6 Category-specific planned improvements 

 
In this category, no improvements are planned. 

 

4.9.2 Food and Beverages Industry (CRF category 2.ʅ.2) 

 

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 into 

the atmosphere as NMVOCs. The greatest amount of NMVOCs is emitted in production of alcoholic 

beverages, bakery products, edible fats, meat and fish products. Table 4.45 presents activity data, 

emission and NMVOC emission factors at production of food and beverages in Ukraine. 
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Table 4.45. NMVOC emissions in production of food and beverages in 2021. 
Category code 2.H.2 

Food Production, kt 11437.64 

Beverage Production, 103 hl 20201.19 

Gas NMVOC 

Emissions from products, kt 30.72 

Emissions from beverages, kt 11.14 

Total emissions, thousand tons 41.86 

Change in emissions compared to the previous year,% 13.03 

Change in emissions compared to the baseline year,% -70.01 

Emissions, % of emissions in the sector 37.66 

The key category No 

Detail level (Tier) 1 

Method for determination of the emission factor D 

 

Activity data, emission factors, and 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 in section 2.15 of 2013 EMEP/EEA Guidelines [6] using default emission 

factors. NMVOC emission estimation was performed for production of bread and bakery products, 

flour confectionery products, fodder for animals, margarine and solid edible fats, sugar, meat, fish 

and poultry, spirits, wine and beer. The data used for the estimation of emissions were provided by 

the SSSU[2], with using data from official statistic with using analytical study, which includes dif-

ferent approaches, particularly extrapolation, expert judgement and other math and statistical mʝthods 

[19] for adjustment of number of food and beverages in 2015 - 2020. 

 

4.9.2.3 Uncertainties and time-series consistency 

 
Since in food and beverages production GHG emissions do not happen, the uncertainty of 

NMVOC emission estimation results in this category was not calculated. 

 

4.9.2.4 Category-specific QA/QC procedures 

 
General QA/QC procedures were applied for estimation of NMVOC emissions at food and 

beverage production. 

 

4.9.2.5 Category-specific recalculations 
 

In 2021 in this category recalculation of NMVOC emissions for 1990-2020 was carried out 

due to the adjustment of the amounts of food and beverages production according to the data obtained 

from SSSU [2]. 

 

Table 4.46 Recalculation of emissions from Ammonia Production in 2021. 
2.H.2 Food and Beverages Industry 1990 1991 1992 1993 1994 1995 1996 1997 

NMVOC          

Emissions (before recalculating), kt 139.55 114.92 102.04 111.27 95.90 97.60 75.26 60.17 

Emissions (after recalculating), kt 128.90 110.16 99.04 108.12 93.32 94.59 73.60 58.96 

Difference, % 8.26 4.32 3.03 2.92 2.77 3.18 2.25 2.06 

2.H.2 Food and Beverages Industry 1998 1999 2000 2001 2002 2003 2004 2005 

Emissions (before recalculating), kt 53.63 48.21 48.26 49.70 49.59 63.12 71.75 69.10 

Emissions (after recalculating), kt 52.47 51.78 48.54 52.16 50.61 63.48 70.59 67.83 
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Difference, % 2.21 -6.88 -0.57 -4.72 -2.01 -0.57 1.64 1.87 

2.H.2 Food and Beverages Industry 2006 2007 2008 2009 2010 2011 2012 2013 

Emissions (before recalculating), kt 74.25 68.07 67.14 65.96 71.90 73.04 68.61 54.90 

Emissions (after recalculating), kt 73.26 67.01 64.79 63.65 69.76 72.19 67.50 53.69 

Difference, % 1.35 1.58 3.62 3.63 3.06 1.17 1.64 2.25 

2.H.2 Food and Beverages Industry 2014 2015 2016 2017 2018 2019 2020  

Emissions (before recalculating), kt 62.89 50.78 55.12 58.81 53.30 44.19 39.23  

Emissions (after recalculating), kt 60.14 49.66 54.17 58.18 53.28 43.34 37.03  

Difference, % 4.58 2.26 1.76 1.07 0.03 1.98 5.92  

 

4.9.2.6 Category-specific planned improvements 

 
In this category, no improvements are planned. 
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5 AGRICULTURE (CRF SECTOR 3) 

 

5.1 Sector Overview 
 

The following emission source categories considered in the Agriculture sector: 

ī 3.A Enteric Fermentation;  

ī 3.ɺ Manure Management;  

ī 3.ʉ Rice Cultivation; 

ī 3.D Agricultural Soils; 

ī 3.E Prescribed Burning of Savannas; 

ī 3.F Field Burning of Agricultural Residues; 

ī 3.G Liming; 

ī 3.H Urea Application. 

 

Total emissions of direct GHG (CO2, CH4, N2O) in the sector and by categories are reported 

in Table 5.1. In categories 3.E Prescribed Burning of Savannas and 3.F Field Burning of Agricultural 

Residues, emissions not estimated, since the savannas 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 (art. 77-1) and the Law of Ukraine On Air Protection (art. 16, 22).  

 

Table 5.1. Changes in GHG emissions in the Agriculture sector 

Category 
Emissions, kt CO2-eq. Trend, % 

1990 2020 2021 by 1990 by 2020 

3.A Enteric Fermentation 39 311.34 7 447.05 7 047.92 -82.07 -5.36 

3.ɺ Manure Management 6 774.76 1 944.66 1 907.75 -71.84 -1.90 

3.ʉ Rice Cultivation 216.43 82.99 74.84 -65.42 -9.82 

3.D Agricultural Soils 37 678.18 34 467.41 31 845.54 -0.27 17.99 

3.E Prescribed Burning of Savannas * NO NO NO ī  ī  

3.F Field Burning of Agricultural Residues 

**  
NO NO NO 

ī  ī  

3.G Liming 2 592.08 131.35 176.23 -93.20 34.17 

3.H Urea Application 270.14 235.51 235.60 -12.79 0.04 

Total for the sector 86 842.92 41 687.10 47 017.37 -45.86 12.79 

 

*  ï the emissions not estimated; 

** ï field burning of crop residues prohibited by the Ukrainian legislation. 

 

The total GHG emissions in the sector have decreased by 45.86 % compared to the base 

year. However, a significant growth of GHG emissions (more than 12.78%) has occurred in 2021 in 

comparison with previous year (Table 5.1). There are several reasons for the observed increase in 

emissions, but the growth of amount of applied synthetic fertilizers and annual amount of N in crop 

residues are the main factors.  

The highest emissions in the agricultural sector of Ukraine in reported year observed in 3.D 

Agricultural Soils and 3.A Enteric Fermentation categories, which make up 79.92 and 14.99 % 

(Fig. 5.1). The next largest category is 3.B Manure Management, which accounts for 4.06 % of the 

emissions. Contribution of the other categories is negligible and accounts for only 1.035 %. 

The key gases in the sector are methane and nitrous oxide (Fig. 5.2), which accounted for 

49.55 and 47.16 % in 1990, and 17.24 and 81.88 % of the emissions in reported year, respectively.  

The reduction in emissions of GHG over the period of 1990-2021 is primarily due to the 

decrease in the number of livestock, in the amount of fertilizer applied to soils, as well as to a change 

in treatment of animal manure as a result of the collapse of the Soviet Union and the ensuing economic 

crisis. 
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One of the reasons for the emissions growth in 2001-2002 by comparison with 2000 was 

stabilization of swine livestock due to renewed operation of some pig farms, procurement from other 

countries of breeding animals, and increased subsidies. In 2003, as a result of impact of natural and 

economic factors, the livestock of animals in household farms declined sharply. In particular, com-

pared with the previous year, the average annual livestock of cattle decreased by 17 %, pigs ï by 

10 %. The determining factor for the reducing population of animals in 2003 were extreme weather 

conditions (extreme cold and small amount of snow), which led to deep freezing of the ground and 

the subsequent decrease in the yield of harvested acreage of forage crops for livestock. In general, 

2003 characterized by rapid changes in sales prices for live animals, feed grain, and other fodder. 

 

 
Fig. 5.1. GHG emissions by categories of the Agriculture sector, kt CO2-eq. 

 

The growth in direct N2O 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's independence gross harvest of grain and leguminous crops, which amounted to 53.3 Mt. In 

addition, in 2003-2021 there was an increase in the standardly introduced nitrogen fertilizers (except 

2009 and 2015). 

One of the main reasons of methane emissions decline in the 3.B Manure Management cat-

egory in comparison with emissions in the other categories is partial replacement from liquid systems 

to solid storage in the manure management structure at cattle-raising enterprises. Thus, the percentage 

of cattle manure stored in liquid systems at agrienterprises in 1990 was 21.0 % of the total manure 

produced. In 2021, the corresponding proportion of manure in liquid systems was approximately 

5.6 %, and the rest of the manure 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 
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storage, emission factors for the period of 1990-2021 sharply reduced. At the same time, methane 

emissions in the category in question in the reporting period decreased by 71.9 %. 

 

 
Fig. 5.2. The ratio of direct GHG emissions in the Agriculture sector, kt CO2-eq. 

 

 

5.2 Enteric Fermentation (CRF category 3.A) 
 

5.2.1. Category description 
 

Inventory of methane emissions from enteric fermentation in Ukraine includes such types of 

farm animals (Table 5.2) as cattle, sheep, swine, and other animals (goats, horses, mules and asses, 

rabbits, fur-bearing animals, camels and buffaloes). Ruminants (such as cattle) produce a largest part 

of CH4 emissions from enteric fermentation. Emissions from poultry are not estimated, as 2006 IPCC 

Guidelines [1] offer no methodology for their calculation.  

 

Table 5.2. Review of category 3.A Enteric Fermentation 

Category 
Method 

applied  

Emission 

factor 
Gas 

The key 

category 

Emissions, kt  Trend, 

% 1990 2021 

3.A.1 Cattle ʊ 2 CS 

ʉʅ4 Level/Trend 

1 461.46 255.81 -82.50 

3.A.2 Sheep ʊ 2 CS 60.91 7.20 -88.17 

3.A.3 Swine ʊ 1 D 29.53 8.99 -69.54 

3.A.4 Other animals: ʊ 1 D 20.55 9.91 -51.79 

fur-bearing animals ʊ 1 D 0.14 0.09 -33.23 
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Category 
Method 

applied  

Emission 

factor 
Gas 

The key 

category 

Emissions, kt  Trend, 

% 1990 2021 

rabbits ʊ 1 D 4.27 3.37 -21.01 

camels ʊ 1 D 0.03 0.04 41.67 

mules and asses ʊ 1 D 0.19 0.12 -37.04 

buffaloes ʊ 1 D 0.05 0.01 -88.82 

horses ʊ 1 D 13.43 3.53 -73.71 

goats ʊ 1 D 2.45 2.75 12.12 

 

Next data collected for GHG emissions estimating: 

ï the type of animals (Table 5.3, Annex 3.2.1) and their number;  

ï the type of the digestive system of the animals;  

ï feed digestibility;  

ï feeding situation: confined, grazing, pasture conditions;  

ï animal weight and their average weight gain per day;  

ï milk production and fat content;  

ï wool growth;  

ï animal activity and average amount of work performed per day;  

ï percentage of females that give birth in a year and number of offspring.  

 

Table 5.3. Characteristics of animal species and their sources 

Animal species Data source Reporting form Note* 

Cattle SSSU Livestock of the animals at January 1 Annex 3.2.1.2.1 

Sheep SSSU Livestock of the animals at January 1 Annex 3.2.1.2.2 

Swine  SSSU Livestock of the animals at January 1 Annex 3.2.1.2.3 

Fur-bearing animals SSSU Livestock of the animals at January 1 Annex 3.2.1.2.5 

Rabbits SSSU Livestock of the animals at January 1 Annex 3.2.1.2.5 

Buffaloes Regional state administrations  Livestock of the animals at January 1 Annex 3.2.1.2.5 

Goats SSSU Livestock of the animals at January 1 Annex 3.2.1.2.5 

Camels  FAO Average annual population Annex 3.2.1.2.5 

Horses SSSU Livestock of the animals at January 1 Annex 3.2.1.2.5 

Mules and asses FAO Average annual population Annex 3.2.1.2.5 

Poultry  SSSU Livestock of the animals at January 1 Annex 3.2.1.2.5 

 

* ï found in Annex 3.2 Agriculture. 

 

 

EF for cattle sex-age groups and sheep calculated in accordance with corresponding meth-

odology (Annex 3.2.8, Tables A3.2.8.1 and A3.2.8.2). Cattle and sheep EF fluctuations mainly 

caused by changes of energy expenses and other several data (live weight, milk yield, wool production 

etc.).  

 

Methane emissions from enteric fermentation in the base, several intermediate and last years 

reported in Annex 3.2.9 (Table A3.2.9.1).  
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Fig. 5.3. Contribution of animal groups into the total methane emissions  

from enteric fermentation, %  

 

Analysis of Table A3.2.9.1 leads to the conclusion that the highest emissions in this category 

produced by cattle enteric fermentation, providing for over 91 % of the total GHG emissions in this 

category. The next largest source of methane emission is enteric fermentation of sheep, swine and 

other animals, the total contribution to the overall emissions of which is much smaller (Fig. 5.3). 

 

5.2.2 Methodological issues 
 

5.2.2.1. The methodology for CH4 emissions estimation from cattle enteric fermen-

tation  
 

Methane emissions from cattle enteric fermentation (Annex 3.2.9, Table A3.2.9.1) estimated 

according to Tier 2 from 2006 IPCC Guidelines [1]. Institute of Animal Science of the NAASU since 

1985 explores different methodologies for calculation GHG from cattle enteric fermentation hold 

their adaptation with the conditions of Ukraine. We will be able to improve quality of emissions 

estimation from cattle enteric fermentation after testing the results of their research. 

Equation 10.19 [1] used for GHG emissions calculation from cattle enteric fermentation (Ta-

ble 5.4).  

Cattle EF (Annex 3.2.8, Table A3.2.8.1) calculated in accordance with Equation 10.21 [1].  

 

Gross energy intake. Calculation of GE (Annex 3.2.2, Table A3.2.2.1), according to Equa-

tion 10.16 [1], required definition of the following components:  

ï net energy required by the animal for maintenance (Equation 10.3 [1]);  

ï net energy for animal activity (Equation 10.4 [1]);  

ï net energy for lactation (Equation 10.8 [1]); 

ï net energy required for pregnancy (Equation 10.13 [1]); 

ï ratio of net energy available in a diet for maintenance to digestible energy consumed 

(Equation 10.14 [1]); 

ï net energy needed for growth (Equation 10.6 [1]); 

ï ratio of net energy available for growth in a diet to digestible energy consumed (Equa-

tion 10.15 [1]); 

ï digestible energy expressed as a percentage of GE (Table 5.4). 

 

Activity data sources that used for cattle sex-age groups gross energy estimation reported in 

Table 5.4.  

 

Table 5.4. Characteristics of AD sources for cattle GE estimation 

AD name Symbol Source Note 

Weight coefficient for each cattle 

sex-age group  
Cf 2006 IPCC Guidelines Table 10.4 
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AD name Symbol Source Note 

Coefficient corresponding to ani-

malôs feeding situation for each 

cattle sex-age group 

Ca 2006 IPCC Guidelines Table 10.5 

Coefficient for live body weight 

of an adult animal  
C 2006 IPCC Guidelines 

A coefficient with a value 

of 0.8 for females, 1.0 for 

castrates and 1.2 for bulls 

Average live body weight of the 

animals in the population 

Weight (for Equa-

tion 10.3) or BW 

(for Equation 10.6) 

Country specific standards 

[3-5] 

Annex 3.2.2,  

Tables A3.2.2.2 - A3.2.2.4 

Mature live body weight of an 

adult animal in moderate body 

condition 

MW 
Country specific standards 

[3-5] 

Annex 3.2.2,  

Tables A3.2.2.2 - A3.2.2.4 

Average daily weight gain of the 

animals in the population 
WG 

Country specific standards 

[3-5] 

Annex 3.2.2,  

Table A3.2.2.5 

Amount of milk produced Milk  

SSSU (ñMilk productionò, 

Table No.15) and analyti-

cal study [2] 

Annex 3.2.2,  

Table A3.2.2.6 

Fat content of milk Fat SSSU 
Annex 3.2.2,  

Table A3.2.2.6 

Pregnancy coefficient C pregnancy 2006 IPCC Guidelines Table 10.7 

Digestible energy DE 

SSSU; 

expert judgment from the 

NAASU (ˉ13700/10-16 

on 13 Dec 2016) 

Annex 3.2.2,  

Table A3.2.2.7 

 

Livestock. In line with the requirements of [1], data of the SSSU used as the information 

base to estimate the average annual cattle livestock (Table 5.3; Annex 3.2.1.3, Tables A3.2.1.3.1 and 

A3.2.1.3.2). 

 

Methane conversion factor. Methane conversion factor (Ym) for cattle (for dairy cows and 

other cattle as 6.5 %) used from Table 10.12 [1].  

 

5.2.2.2. The methodology for CH4 emissions estimation from sheep enteric fer-

mentation  
 

Tier 2 used for methane emissions from sheep enteric fermentation calculation [1]. Accord-

ing to them, to estimate methane emissions, it is necessary to determine: 

ï the amount of GE intake (Annex 3.2.2, Table A3.2.2.8); 

ï number of sheep (Table 5.3; Annex 3.2.1.3, Table A3.2.1.3.1); 

ï methane conversion factor (Table 10.13 [1]). 

 

Estimation of methane emissions from sheep enteric fermentation (Annex 3.2.9, Ta-

ble A3.2.9.1) carried out according to Equation 10.19 of 2006 IPCC Guidelines [1]. 

Sheep EF by sex-age groups calculated in accordance with Equation 10.21 [1] and reported 

in Table A3.2.8.2 (Annex 3.2.8). 

 

Gross energy intake. Calculation of GE, according to Equation 10.16 [1], required definition 

of the following components:  

ï net energy required by the animal for maintenance (Equation 10.3 [1]);  

ï net energy for animal activity (Equation 10.5 [1]);  

ï net energy for lactation (Equation 10.9 [1]); 

ï net energy required for pregnancy (Equation 10.13 [1]); 

ï ratio of net energy available in a diet for maintenance to digestible energy consumed 

(Equation 10.14 [1]); 

ï net energy needed for growth (Equation 10.7 [1]); 

ï net energy required for production of wool during a year (Equation 10.12 [1]); 
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ï ratio of net energy available for growth in a diet to digestible energy consumed (Equa-

tion 10.15 [1]); 

ï digestible energy expressed as a percentage of GE (Table 5.5). 

 

Activity data sources that used for seep sex-age groups gross energy estimation reported in 

Table 5.5.  

 

Table 5.5. Characteristics of AD sources for sheep GE estimation 

AD name Symbol Source Note 

Weight coefficient for each sheep 

sex-age group  
Cf 2006 IPCC Guidelines Table 10.4 

Coefficient corresponding to ani-

malôs feeding situation for each 

sheep sex-age group 

C a 2006 IPCC Guidelines Table 10.5 

Coefficient for live body weight 

of an adult animal  
C 2006 IPCC Guidelines 

A coefficient with a value 

of 0.8 for females, 1.0 for 

castrates and 1.2 for bulls 

Average live body weight of the 

animals in the population 
Weight  

Country specific standards 

[6-7] 

Annex 3.2.2,  

Ta-

bles A3.2.2.9 - A3.2.2.12 

The weight gain WG lamb 2006 IPCC Guidelines Equation 10.7 

The live bodyweight at weaning BW i 
Country specific standards 

[6-7] 
See description below 

The live bodyweight at 1-year old 

or at slaughter (live-weight) if 

slaughtered prior to 1 year of age 

BW f 
Country specific standards 

[6-7] 
See description below 

Constants for sheep net energy for 

growth calculation 
a, b 2006 IPCC Guidelines Table 10.6 

Amount of milk produced Milk  

SSSU (ñMilk productionò, 

Table No.15) and analyti-

cal study [2] 

Annex 3.2.2,  

Table A3.2.2.9 

The net energy required to pro-

duce 1 kg of milk 
EV milk 

Country specific standards 

[9] 
4.75 MJ Ĭ kg -1 

Annual wool production per 

sheep 
Production wool 

SSSU [10] and analytical 

study [2] 

Annex 3.2.2,  

Table A3.2.2.9 

The energy value of each kg of 

wool produced 
EV wool 2006 IPCC Guidelines 

A default value of 

24 MJ Ĭ kg -1 

Pregnancy coefficient C pregnancy 2006 IPCC Guidelines Table 10.7 

Digestible energy DE 

Expert judgment from the 

NAASU (ˉ20009/10-17 

on 04 Aug 2017) 

67.5 % 

 

For the purposes of the inventory, average values of live weight of ewes and rams were used 

[6-7], estimated based on the average live weight of sheep by breeds and breed types, their breed 

composition structure.  

Weaning of lambs for the purpose of feeding and fattening is done at the age of 3 months 

(live weight ï 24 kg). The live weight of lambs at weaning at the age of 4 months for the purpose of 

herd replacement on average is 30 kg, of young replacement stock at the age of 1 year (mostly female 

lambs) ï 50 kg, of feeding livestock at slaughter ï approximately 49 kg, and of wethers ï 60 kg [6-

7].  

Information about the method of sheep feeding obtained based on an expert judgment of the 

National University of Life and Environmental Sciences of Ukraine.  

Maintenance of sheep characterized by long (on average about 270 days) grazing in large 

pastures. Sheep grazing is accompanied by constant migrations (several kilometers a day), as a con-

sequence they spend a considerable amount of energy to receive fodder. The rest 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 partial grazing of sheep in winter dry and cold weather with temperatures down 

to -8ÁC on winter crops, natural pastures, swamps. Ewes a month before calving and for 3 weeks 
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after, as well as youngsters, not grazed. Sheep pasture system not practiced in Ukraine due to the high 

rate of land plowing [8]. 

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, and feeding [8]. The 

lactation period of sheep in the conditions of Ukraine is on average 4 months. According to the SSSU, 

the milking herd of ewes founded in the several key regions: Vinnytska, Ivano-Frankivska, Odesska, 

Chernivetska Oblast, and the Autonomous Republic of Crimea.  

To estimate the rate of sheep milk production, data from SSSU observations (ñMilk produc-

tionò, Table No.15) and analytical study [2] were used, but with adjustments to account for the sheep 

milk used in the suckling period for feeding lambs. In particular, in the estimations it assumed that 

the amount of milk consumed by lambs prior to weaning from ewes on average is 60 kg (expert 

assessment based on materials of the Ukrainian literature review [7-8]). The energy value of sheep 

milk taken in accordance with [9] as equal to 4.75 MJ/kg. 

There are no statistics in the country on the proportion of sheep that give birth to one, two, 

or three lambs in the total population of ewes, which are required to determine the net energy required 

for pregnancy (NEp). Therefore, it assumed 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 Ta-

ble A3.2.2.9 (Annex 3.2.2). The average value of the pregnancy coefficient (C pregnancy = 0,087290) 

was calculated using the default values from Table 10.7 [1].  

The value of digestibility of fodders for sheep (for good pastures, well preserved forages and 

feeding regimes based on forage with the addition of grain) was taken as 67.5 % on base of expert 

judgment from the NAASU (ˉ20009/10-17 on 04 Aug 2017).  

 

Livestock. SSSU data used as the information base to estimate the average annual sheep 

livestock (Table 5.3; Annex 3.2.1.3, Table A3.2.1.3.1). 

 

Methane conversion factor. Default methane conversion factors from Table 10.13 [1] used 

for GHG estimation. According to this table, the methane conversion factor is 0.065 rel. units for 

animals older than 1 year, and for youngsters it is 0.045 rel. units. Since the livestock of sheep fatten-

ing are both youngsters (83.5 %) and adult animals (16.5 %) [6], the weighted average calculated, 

which corresponds to the mark 0.0483 rel. units.  

 

5.2.2.3. The methodology for CH4 emissions estimation from other animals enteric 

fermentation  
 

Estimation of GHG emissions from the vital activity of animal species like goats, horses, 

swine, mules and asses, rabbits, fur-bearing animals, camels and buffaloes (Annex 3.2.9, Ta-

ble A3.2.9.1) was performed under Tier 1 method (Equation 10.19) with the default emission factors 

(Table 10.10) [1]. The emission factors used to calculate emissions reported in Table A3.2.8.3 (An-

nex 3.2.8). 

The values of the horses, goats, swine, mules and asses, rabbits, fur-bearing animals, camels 

and buffaloes average annual population used in the GHG inventory reported in Table A3.2.1.3.1 

(Annex 3.2.1.3).  

Data on the live weight of rabbits were obtained from analysis of literature materials [8] and 

make up 3.8 kg (the average for all breeds bred in Ukraine). The value of the live weight of fur-

bearing animals of 4.1 kg was calculated as average between the data on the weight of minks ï 2.1 kg, 

polar foxes ï 5.0 kg, foxes ï 4.9 kg, and nutria ï 6.5 kg [8]. As animals with a similar digestive system 

for rabbits were mules and asses, whose live weight is 130 kg, for fur-bearing animals ï swine (the 

live weight ï 50 kg).  

 

5.2.3 Uncertainty and time-series consistency  
 

Uncertainty estimated in accordance with the Tier 1 methodology from 2006 IPCC Guide-

lines [1].  
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The uncertainty of emission estimation in category 3.A Enteric Fermentation is determined 

by uncertainties of AD and EF. Ranges and sources of uncertainty of input data used in calculation 

of national EF from cattle and sheep enteric fermentation reported in Table 5.6.  

 

Table 5.6. The uncertainty of input data used in calculation of national emission factors from 

cattle and sheep enteric fermentation, % 

Indicator  
Measurement 

unit  
Uncertainty Source 

Cattle 

Statistical data on livestock thsd. head 6 Expert judgment based on SSSU data  

Cf coefficient  MJ Ĭ day-1 Ĭ kg-1 20 2006 IPCC Guidelines [1]  

Ca coefficient corresponding 

to animalôs feeding situa-

tion 

MJ Ĭ day-1 Ĭ kg-1 20 2006 IPCC Guidelines [1]  

C coefficient dimensionless 20 2006 IPCC Guidelines [1]  

Average live body weight 

data of the animals in the 

population (Weight/BW) 

kg 1-35 

Range of average body weight values de-

pending on the breed and sex-age indica-

tors, according to data of [3-5, 11] 

MW mature live body 

weight of an adult animal in 

moderate body condition 

kg 1-35 

Range of average body weight values de-

pending on the breed and sex-age indica-

tors, according to data of [3-5, 11] 

WG average daily weight 

gain of the animals in the 

population 

kg 1-35 

Range of average body weight values de-

pending on the breed and sex-age indica-

tors, according to data of [3-5, 11] 

Statistical data on milk pro-

duction 
kg Ĭ day-1 Ĭ head-1 6 Expert judgment based on SSSU data  

Fat content of milk % 6 Expert judgment based on SSSU data 

C pregnancy pregnancy coeffi-

cient 
dimensionless 20 2006 IPCC Guidelines [1]  

DE digestible energy % Ñ 20 2006 IPCC Guidelines [1]  

Sheep 

Statistical data on livestock thsd. head 6 Expert judgment based on SSSU data  

Cf coefficient  MJ Ĭ day-1 Ĭ kg-1 20 2006 IPCC Guidelines [1]  

Ca coefficient corresponding 

to animalôs feeding situa-

tion 

MJ Ĭ day-1 Ĭ kg-1 20 2006 IPCC Guidelines [1]  

C coefficient dimensionless 20 2006 IPCC Guidelines [1]  

WG lamb weight gain kg 1-35 

Range of average body weight values de-

pending on the breed and sex-age indica-

tors, according to data of [6-9] 

BW i live bodyweight at 

weaning 
kg 4-7 Values depending according to [9]  

BW f live bodyweight at 1-

year old or at slaughter 
kg 10-18 Values depending according to [9]  

a, b constants for sheep net 

energy for growth calcula-

tion 

dimensionless 20 2006 IPCC Guidelines [1]  

Statistical data on milk pro-

duction 
kg Ĭ day-1 Ĭ head-1 6 Expert judgment based on SSSU data  

EV milk net energy required 

to produce 1 kg of milk 
MJ Ĭ kg-1 16 Value range according to data of [7] 

Statistical data on wool pro-

duction 
kg Ĭ day-1 Ĭ head-1 6 Expert judgment based on SSSU data  

EV wool energy value of 

each kg of wool produced 
MJ Ĭ kg-1 Ñ 20 2006 IPCC Guidelines [1]  

C pregnancy pregnancy coeffi-

cient 
dimensionless 27 2006 IPCC Guidelines [1]  

DE digestible energy % Ñ 20 2006 IPCC Guidelines [1]  

Methane conversion factor rel. u 7-9 2006 IPCC Guidelines [1]  
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Estimation of GHG emissions for the reporting period carried out with the same method and 

the same degree of detail. Time series data collected and processed according to the agreed proce-

dures.  

The significant reduction in the population of cattle at agricultural enterprises as a result of 

the collapse of the Soviet Union and the subsequent restructuring of the agricultural sector led to the 

situation where the key impact on the trend of methane emissions from enteric fermentation is exerted 

by livestock dynamics in households (Fig. 5.4). Fig. 5.5 illustrates the dependence of the methane 

emission trend in category 3.A Enteric Fermentation on the cattle population, which is the major 

factor to regulate emissions.  

 

  
Fig. 5.4 Cattle livestock distribution between different 

kinds of farms  

Fig. 5.5 Dependence of methane emission trends in cate-

gory 3.A Enteric Fermentation on cattle population 
 

 

5.2.4 Category-specific QA/QC procedures 
 

Quality control and assurance carried out with general and detailed procedures, which in-

clude comparisons of activity data with similar FAO data, check of national EF by comparing them 

with the respective default coefficients [1] and coefficients of countries with similar conditions, etc.  

Check of the GE values calculated for each sex-age group of cattle and sheep carried out by 

means of their conversion into food consumption units in the dry matter (kg Ĭ day-1 Ĭ head-1) 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 2006 IPCC Guidelines [1]. 

 

Table 5.7. Comparison of methane emission factors from enteric fermentation with emission 

coefficients of Central and Eastern Europe countries*, kg Ĭ head-1 Ĭ yr-1 

Indicator  Ukraine 

Federal  

Republic of 

Germany 

French  

Republic 

Czech  

Republic 

Slovak  

Republic 
Hungary 

Mature dairy cattle 114.03 140.79 126.61 159.45 122.17 128.96 
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Indicator  Ukraine 

Federal  

Republic of 

Germany 

French  

Republic 

Czech  

Republic 

Slovak  

Republic 
Hungary 

Mature non-dairy cat-

tle**  
45.72 48.44 52.94 58.95 61.24 55.70 

Sheep 8.76 6.36 12.92 8.00 10.74 8.00 

       

  * Source: NIR of the Central and Eastern Europe countries, data for 2020, Ukraine ï 2021 data. 

** For reporting, Ukraine uses option B, therefore the emission factors shown for growing cattle, given its dominant share in the 

structure of non-dairy cattle herds. 

 

Methane emission factors from enteric fermentation of mature dairy cattle according to the 

CRF data compared with the default factor [1]. The difference in the estimations is due to differences 

in input data and the approaches used to estimate them.  

A comparison of enteric fermentation EF for dairy and non-dairy cattle with the similar co-

efficients of Central and Eastern Europe countries has shown that they are in the same range (Ta-

ble 5.7). 

Also, a cross-analysis of factor time series and the totals of emissions from enteric fermen-

tation of cattle was conducted according to CRF data (Fig. 5.6). 

 

 
Fig. 5.6. Emission values and methane emission factors dynamics from cattle enteric fermentation  

 

The results of comparison of national EF from sheep enteric fermentation according to CRF 

data with the default factors indicate the discrepancy within 0.6-12.0 % (the average for the reporting 

period ï 6 %). Furthermore, the foregoing comparison of the sheep enteric fermentation EFôs, with 

the similar coefficients of Central and Eastern Europe countries has shown that they are in the same 

range (Table 5.7). The discrepancy of the factors in this case may be explain by the significant 

changes in the sheep livestock structure along the time series. In particular, the percentage of ewe and 

gimmers 1 year old and older population in the total herd structure in all categories of farms increased 

from 42 % in 1990 up to 67.2 % in 2021 with the proportional decrease in the share of growing sheep, 

to which the lowest EF apply. 
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Fig. 5.7. The dependence of ewes EF on milk yield in 3.A Enteric Fermentation 

 

The coefficients of methane emissions from enteric fermentation of ewes and gimmers is 

directly dependent on the amount of milk production, as shown on Fig. 5.7. 

 

5.2.5 Category-specific recalculations 
 

Methane emissions in 3.A Enteric Fermentation category were recalculated and reported in 

Annex 3.2.10 (Table A3.2.10.1).  

There are several reasons for the methane emissions recalculation in the current category, 

but the main of them is a livestock data clarification by the FAO (camels, mules and asses ï for 2017-

2020).  

 

 

5.2.6 Category-specific planned improvements 
 

The Institute of Animal Science of the NAASU since 1985 explores different methodologies 

for calculation GHG from cattle enteric fermentation hold their adaptation with the conditions of 

Ukraine. We will be able to improve quality of emissions estimation from cattle enteric fermentation 

after testing the results of their research.  

 

 

5.3 Manure Management (CRF category 3.B) 
 

5.3.1. Category description 
 

An important area of stock-raising is manure management, which leads to emissions of var-

ious GHG (Table 5.8), namely: methane (CH4), nitrous oxide (N2O), and non-methane volatile or-

ganic compounds (NMVOCs). 

 

Table 5.8. Review of category 3.B Manure Management 

Category 
Method ap-

plied 

Emission 

factor 
Gas 

The key 

category 

Emissions, kt   Trend, 

% 1990 2021 

3.B.1 Manure Management  CS, T 1, T 2 CS, D ʉʅ4 No 140.04 39.41 -71.86 
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Category 
Method ap-

plied 

Emission 

factor 
Gas 

The key 

category 

Emissions, kt   Trend, 

% 1990 2021 

3.B.2 Manure Management  CS, T 1, T 2 CS, D N2O No 10.99 3.10 -71.82 

3.B.2 Manure Management  ʊ 1 D NMVOC No 198.77 60.15 -69.74 

 

As a result of vital activity of a complex set of microorganisms in anaerobic conditions, 

methane fermentation takes place (the decomposition process of organic substances to end products, 

in particular to methane and carbon dioxide). The level of methane emissions from manure depends 

on the following key factors:  

ï manure storage conditions (in the liquid or solid form);  

ï type of climate (cold, temperate, or warm);  

ï composition of feed rations for animals;  

ï type of manure (cattle, swine, sheep, poultry manure, etc.);  

ï 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. Methane emissions 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 conditions 

become favorable for formation of another GHG ï N2O. This gas can be produced both when there 

is access of oxygen as a result of oxidative processes of NH3 nitrification into NO3, 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 period (Annex 3.2.9, Table A3.2.9.2).  

Along the 2013-2021 period, a sharp reduction of CH4 emissions from manure compared to 

the base 1990 observed. Primarily, this explained by the reduction in the main livestock species and 

groups due to the economic crisis in Ukraine that followed the collapse of the USSR. Besides, the 

downward trend of emissions in this category determined by the change in the manure management 

practice over the time series.  

The main source of nitrous oxide emissions is the manure that is stored in the solid form. 

The significant reduction in N2O 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 stored 

in the solid form. 

Fluctuation key for NMVOC emissions is animalôs livestock.  

 

5.3.2 Methodological issues 
 

5.3.2.1 Methane emissions from Manure Management 
 

Research paper ñDevelopment of the method to estimate and determine methane and nitrous 

oxide emissions as a result of manure management of animal and poultry: the final report on comple-

tion of the II (second) phase of the research workò [12] was conducted to evaluate national opportu-

nities for estimation of CH4 emissions from manure management. IPCC methodologies, some na-

tional methodological approaches, country specific and default EFôs recommended by this paper.  

Emissions of methane (Annex 3.2.9, Table A3.2.9.2) from manure estimated according to 

Equation 10.22 of 2006 IPCC Guidelines [1] and determines by the emission factor and livestock 

population (Table 5.3; Annex 3.2.1.3, Tables A3.2.1.3.1 and A3.2.1.3.2).  

The information base on the population of animals for CH4 emissions estimation (An-

nex 3.2.1.2) are statistical materials (Findings of cattle registry, Table No.7; Statistical reported data: 

ñNumber of agricultural animals as of January 01ò [38]; Statistical bulletin: ñThe status of livestock 

in Ukraineò [13]; Statistical yearbook: ñAnimal Production of Ukraineò [10] and analytical study [2]. 

Cattle, swine, sheep, and poultry livestock at agrienterprises and households specialization by cate-

gories performed in accordance with Tables A3.2.1.1.1 and A3.2.1.1.2 of Annex 3.2.1.1.  
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Cattle, sheep, swine, and poultry methane EFôs calculated in accordance with Equa-

tion 10.23 [1] and reported in Annex 3.2.8 (Table A3.2.8.4). Default EF from Tables 10.14 - 10.16 

[1] used for estimation methane emissions from manure management of other animals and reported 

in Annex 3.2.8 (Table A3.2.8.3).  

The next components used for EF estimation:  

ï maximum methane producing capacity (Annex 3.2.3, Table A3.2.3.1);  

ï volatile solid excretion rates (Equation 10.24 [1] for cattle and sheep and Equation 5.1 

for swine and poultry; Annex 3.2.3, Table A3.2.3.3);  

ï methane conversion factors (Table 10.17 [1]; Table 5.10);  

ï manure management system usage (Annex 3.2.3 Table A3.2.3.2). 

 

Maximum methane-producing capacity of the manure. Expert judgment was a source base 

for values of maximum methane-producing capacity for manure produced by cattle, sheep, swine, 

and poultry livestock (BO). Its values reported in Table A3.2.3.1 of Annex 3.2.3.  

 

Volatile solid excretion rate. The amount of volatile dry substances, which emitted from the 

cattle and sheep manure, calculated according to Equation 10.24 [1]. For swine and poultry, this factor 

obtained with Equation 5.1.  

 

ὠὛ ὓὈὓ ρ ὃὛὌ, (5.1) 

 

where:  

VS ï volatile solid excretion per day on a dry-organic matter basis, kg VS day-1 (Annex 3.2.3, 

Table A3.2.3.3);  

MDMex ï amount of manure excreted by animals in dry matter, kg of dry mater day-1 (An-

nex 3.2.3, Table A3.2.3.1); 

ASH ï the ash content (inorganic component) of manure calculated as a fraction of the dry 

matter feed intake (Annex 3.2.3, Table A3.2.3.1). 

 

Estimation of cattle, sheep, swine and poultry VS required definition of gross energy, di-

gestible energy, urinary energy, ash content and amount of manure excreted by animals. Its sources 

reported in Table 5.9. 

 

Table 5.9. Characteristics of AD sources for VS estimation 

AD name Symbol Source Note 

Cattle 

Gross energy intake GE 
3.A Enteric Fermentation category 

(Chapter 5.2.2.1) 

Table 5.4  

Table A3.2.2.1 (Annex 3.2.2) 

Digestible energy DE 

SSSU; 

expert judgment from the NAASU 

(ˉ13700/10-16 on 13 Dec 2016) 

Table 5.4  

Table A3.2.2.7 (Annex 3.2.2) 

Urinary energy expressed 

as fraction of GE 
UE Ĭ GE 2006 IPCC Guidelines [1] 

0.04  

(Equation 10.24 description) 

ASH content of manure ASH Expert judgment 
Annex 3.2.3  

Table A3.2.3.1 

Sheep 

Gross energy intake GE 
3.A Enteric Fermentation category 

(Chapter 5.2.2.2) 

Table 5.5  

Table A3.2.2.8 (Annex 3.2.2) 

Digestible energy DE 
Expert judgment from the NAASU 

(ˉ20009/10-17 on 04 Aug 2017) 
67.5 % 

Urinary energy expressed 

as fraction of GE 
UE Ĭ GE 2006 IPCC Guidelines [1] 

0.02  

(Equation 10.24 description) 

ASH content of manure ASH Expert judgment * 
Annex 3.2.3  

Table A3.2.3.1 

Swine 

ASH content of manure ASH Expert judgment 
Annex 3.2.3  

Table A3.2.3.1 
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AD name Symbol Source Note 

Amount of manure ex-

creted by animals in dry 

matter ** 

MDMex 

Expert judgment from the NAASU 

(ˉ30432/10-17 on 28 Nov 2017) 

***  

Annex 3.2.3  

Table A3.2.3.1 

Poultry 

ASH content of manure ASH Expert judgment 
Annex 3.2.3  

Table A3.2.3.1 

Amount of manure ex-

creted by animals in dry 

matter 

MDMex 

Expert judgment from the NAASU 

(ˉ30432/10-17 on 28 Nov 2017) 

***  

Annex 3.2.3  

Table A3.2.3.1 

 

* ï to determine the proportion of ASH in sheep manure, data on the content of organic substances in sheep manure 

(28 %) and its moisture content (64.6 %) resulting from the conducted studies [19-20] were used;  

** ï for swine at households, in accordance with the standards [14], the amount of manure excreted in dry matter is 

30 % more than for agricultural enterprises, due to the peculiarities of feeding (diets of swine at agricultural enter-

prises dominated by concentrated fodders, whereas in households ï multi-component fodders);  

*** ï the source of swine and poultry MDMex values is a judgment from the NAASU (ˉ30432/10-17 on 

28 Nov 2017), where they show an algorithm of its calculation according to ñDepartmental standards of technologi-

cal designò [14-16].  

 

Methane conversion factor. Default values of methane conversion factor (MCF) for each 

manure management system (MMS) used from the Table 10.17 [1]. MCF values for cattle, swine, 

sheep and poultry, that determined by current manure management systems, reported in Table 5.10.  

 

Table 5.10. The kinds of manure management systems* that used in various types of live-

stock owners and their methane conversion factor values**  

Animal species MMS type MCF value, % 

Cattle at agrienterprises  

Liquid system with natural crust cover 10 

Solid storage 2 

Pasture/Range/Paddock** * 1 

Composting 0.5 

Cattle at households 
Solid storage 2 

Pasture/Range/Paddock** * 1 

Swine at agrienterprises 

Uncovered anaerobic lagoon 66 

Liquid system with natural crust cover 10 

Solid storage 2 

Composting 0.5 

Aerobic treatment 0 

Swine at households Solid storage 2 

Sheep  

(at all types of livestock owners) 

Solid storage 2 

Pasture/Range/Paddock** * 1 

Poultry at agrienterprises 
Poultry manure without litter 1.5 

Composting 0.5 

Poultry at households 
Poultry manure without litter 1.5 

Pasture/Range/Paddock** * 1 

Buffaloes  

(at all types of livestock owners) 

Solid storage  

Pasture/Range/Paddock** *  

Horses 

(at all types of livestock owners) 

Solid storage  

Pasture/Range/Paddock** *  

Goats 

(at all types of livestock owners) 

Solid storage  

Pasture/Range/Paddock** *  

Mules and Asses 

(at all types of livestock owners) 

Solid storage  

Pit storage below animal confinements  

Camels 

(at all types of livestock owners) 

Solid storage  

Pit storage below animal confinements  
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Animal species MMS type MCF value, % 

Rabbits Solid storage  

Fur farming Solid storage  

 

* ï the manure management systems characteristic according to 2006 IPCC Guidelines [1];  

** ï in this table reported only cattle, swine, sheep and poultry MCF values; 

*** ï emissions from manure in Pasture/Range/Paddock are reported in 3.D Agricultural Soils. 

 

Manure management system. The main institution that collected all kinds of agricultural data 

is SSSU. But SSSU do not collect MMS data (fraction of livestock category manure handled using 

manure management system). To estimate these data the expert judgment from National University 

of Life and Environmental Sciences used as an alternative source for the time series MMS values 

estimation (Annex 3.2.3, Table A3.2.3.2).  

There is a necessity to verify this expert judgment, because ERT has some important com-

ments to it (ARR 2019, A 11-A 13 on p. 16; ARR 2017, A 10 on p. 19, A 23 on p. 47 and other). To 

solve this issue, MEPR has an offer to include a relevant research study to the List of high-priority 

improvements. However, due to the difficult political and economic situation in the country, conduct-

ing of this study is currently impossible and its timing is unknown yet. That is why for current MMS 

estimation this expert judgment used as main source with only one correction*.  

 
* According to recommendation from çPotential Problems formulated in the course of the review of the 2015 and 2016 

annual submissions of Ukraine and of the report to facilitate the calculation of the assigned amount for the second com-

mitment period (10 September 2016)è MMS types for cattle manure managing were changed (MMS ñUncovered anaer-

obic lagoonò, that recommended by expert judgment, was changed to ñLiquid/Slurryò in accordance with official re-

sponses from several largest cattle enterprises).  

 

This judgment based on departmental standards of technological design of livestock MMS 

operating on the farms and complexes [9, 11, 14-16] and used some indirect SSSU data.  

Due to lack of data, the cattle and swine manure distribution by systems estimated in accord-

ance with the following sources:  

 SSSU data of the agricultural animals livestock (Findings of cattle registry, Table No.7; 

Statistical reported data: ñNumber of agricultural animals as of January 01ò [38]; Statistical bulletin: 

ñThe status of livestock in Ukraineò [13]);  

 SSSU data of the statistical collection on the grouping of enterprises based on the available 

cattle and swine livestock (Statistical yearbook: ñAnimal Production of Ukraineò [10]);  

 Statistical form ñNO.1-Wasteò;  

 Departmental standards of technological design of livestock MMS operating on the farms 

and complexes [11, 14, 16].  

 

A departmental standards of technological design [16] determines a cattle and swine manure 

management systems planning at agrienterprises. The introduction of livestock enterprises is not al-

lowed without the simultaneous introduction of MMS, which must conform to the manure character-

istic and amount of its allocation. The amount and properties of manure depend on the type, age, diet 

and method of animals keeping and litter using.  

According to standards [16], systems for manure managing have considered with the next 

marks: physical composition, removal method, storing method and duration, using method.  

The manure with litter, manure without litter and slurry manure depends according to the 

method animals keeping.  

Manure removal is carried by mechanical (conveyors, scraper installations, bulldozers) and 

hydraulic (uninterrupted gravity-flowing and periodic gravity-flowing systems) methods. Their using 

depends on period of manure storage, and animals keeping and feeding.  

The storage period of all types of manure depends on the structure, humidity and technology 

of its storage and is 4 8 months for cattle manure and 8 12 months for swine manure. 

Cattle and swine manure mostly used as natural fertilizer, and for biofuels production.  
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The choice of cattle and swine manure managing system is determined by the specific fea-

sibility study and finally is a typical indicator of farm specialization and capacity.  

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 combined 

specialization, where these directions are combined. As a result, several manure managing systems 

can simultaneously use in a particular farm. But, only one specialization is a basic direction and de-

fines the type of farm main manure managing system (other types of system can be ignored).  

A farm capacity, except their specialization, is another criterion for MMS determination. 

Feasibility study determines [11, 14, 16] operating conditions of farms with different capacity (Ta-

ble 5.11). SSSU provides a specific classification of cattle and swine enterprises (Annex 3.2.1.4, Ta-

ble A3.2.1.4.1) in accordance with their capacity (they are grouped to simplify the report).  

 

A judgment analysis states that manure storage practices at agricultural enterprises is signif-

icantly differ from manure storage practices at households (Table 5.10). Thus, the agricultural enter-

prises mainly comply with the practice of manure storage in the liquid and in solid forms, and in the 

private sector manure is only stored in the solid form in clamps or remains in pastures. In this regard, 

the data for these categories of farms estimated separately.  

 

Table 5.11. Cattle and swine manure managing systems harmonization with the farm capac-

ity [16] 

Farm capacity 
Manure removal 

system [16] 

Manure managing 

system [1] 
Note 

Cattle at agrienterprises 

No more than 999 heads Mechanical Solid storage 

Stable and stable-pasture types of cattle 

keeping with application of litter; outdoor 

keeping; calves keeping; maternity  

More than 999 heads Hydraulic  Liquid system  

Cattle keeping without litter; silage, root 

crops, bard, pulp and green mass used for 

feeding 

Swine at agrienterprises 

No more than 4999 

heads 
Mechanical  Solid storage 

Swine keeping with litter; keeping technol-

ogy provides, that feeding waste (mainly 

stems and tops) mixed with manure; mater-

nity 

5000-5999 heads Hydraulic  Liquid system 

Liquid and dry compound feeds used for 

feeding (without silage and green mass); 

keeping technology provides, that any feed-

ing waste donôt mix with manure 

More than 5999 heads Hydraulic  

Uncovered anaero-

bic lagoon / Aero-

bic treatment 

Liquid and dry compound feeds used for 

feeding (without silage and green mass); 

keeping technology provides, that any feed-

ing waste donôt mix with manure; accumu-

lates for biofuel production 

 

Solid and liquid systems, composting, and pasture/range/paddock are typical for cattle ma-

nure managing at agrienterprises. Manure stored in unconfined piles or stacks for a several months 

processed in solid systems. That manure fraction, which stored as excreted or with some minimal 

addition of water in either tanks or earthen ponds without mixing, is processed in liquid systems. 

According to expert judgment (ˉ25334/10-16 on 11 Oct 2016), the period of manure storage in liq-

uid systems is mainly up to 6 months.  

Swine manure at agrienterprises managed in solid and liquid systems, by composting and 

aerobic treatment or uncovered anaerobic lagoons. There is typical manure specification for solid and 

liquid systems. Liquid manure with either forced or natural aeration or without aeration in lagoons 

properly stored in aerobic (aerobic treatment) and anaerobic (uncovered anaerobic lagoons) lagoons. 

It is country specific that solid systems and pasture/range/paddock used for cattle and only 

solid systems ï for swine manure managing at households. 
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At agricultural enterprises, poultry manure usually 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 floor 

keeping, and it is stored in piles or manure pits in the solid form. 

For other types of animals (sheep, buffaloes, horses, goats, rabbits, fur-bearing animals, cam-

els, mules and asses), there is also the common practice of manure management in the solid storage, 

pit storage below animal confinements, and pasture/range/paddock.  

Manure in households is kept exclusively in clamps with litter (straw, sawdust, peat), or 

remains in paddocks. After several months of storage, the rotten manure brought to the field [17]. 

Therefore, the livestock and poultry manure rate by the MMS in households estimated according to 

expert estimation. 

Duration of the grazing period depends on the regions where farm animals kept, while the 

average for Ukraine is 165 days [18]. According to [9, 11, 14-16], approximately 50 % of the annual 

amount of cattle and poultry manure remain on pasture, range or paddock. The same value for the 

amount of manure on pasture, range or paddock used in the calculations for goats, horses, and buffa-

loes (expert judgment from National University of Life and Environmental Sciences). As a fact that 

the majority of sheep, camels, mules and asses kept in Steppe, which have a high enough average 

annual temperature, the calculations reflect the fact that 74 % of the annual amount of sheep manure 

and 92 % of camels, mules and asses manure remain on pasture, range or paddock (the IPCC default 

data on distribution of manure of these animals by systems are representative for the Ukraine condi-

tions).  

 

5.3.2.2 Nitrous oxide and NMVOC emissions from Manure Management 

 

5.3.2.2.1 Nitrous oxide emissions from Manure Management 

 

Direct and indirect emissions estimated for a full N2O evaluation from manure management 

systems (Annex 3.2.9, Table A3.2.9.2).  

Research paper ñDevelopment of the method to estimate and determine methane and nitrous 

oxide emissions as a result of manure management of animal and poultry: the final report on comple-

tion of the II (second) phase of the research workò [12] was conducted to evaluate national opportu-

nities for estimation of N2O emissions from manure management. This paper recommends the IPCC 

methodologies, some national methodological approaches, country specific and default EF. 

 

Direct N2O emissions from manure management systems  

Direct N2O emissions from MMS estimated according to Equation 10.25 [1]. Thus, the esti-

mate of nitrous oxide emissions in this category requires determination of the following indicators: 

livestock of cattle and poultry; amount of Nex in the composition of animal manure; shares of animal 

manure distribution by MMS; emission factors for each MMS. 

Default [1] nitrous oxide EF from MMS reported in Table A3.2.8.5 (Annex 3.2.8). 

The information base on the population of animals for N2O emissions estimation (An-

nex 3.2.1.2 and Tables A3.2.1.3.1-A3.2.1.3.2 of Annex 3.2.1.3) are statistical materials (Findings of 

cattle registry, Table No.7; Statistical reported data: ñNumber of agricultural animals as of Janu-

ary 01ò [38]; Statistical bulletin: ñThe status of livestock in Ukraineò [13]; Statistical yearbook: ñAn-

imal Production of Ukraineò [10] and analytical study [2]. Cattle, swine, sheep, and poultry livestock 

at agrienterprises and households specialization by categories performed in accordance with Tables 

A3.2.1.1.1 and A3.2.1.1.2 of Annex 3.2.1.1. 

The same values of MMS for each animal group (Annex 3.2.3, Table A3.2.3.2) reported in 

Chapter 5.3.2.1 Methane emissions from Manure Management.  

Based on the data available in Ukraine, the amount of Nex (Annex 3.2.3, Table A3.2.3.4) in 

manure composition of cattle sex-age groups was calculated in accordance with Equations 10.31-

10.33. Cattle GE values (Annex 3.2.2, Table A3.2.2.1) for this estimation used from 3.A Enteric Fer-

mentation (see Chapter 5.2.2.1). Crude protein fraction in diet of each cattle sex-age group calculated 

according to the judgment from the NAASU (ˉ13700/10-16 on 13 Dec 2016) and reported in Ta-
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ble A3.2.3.7 (Annex 3.2.3). Database of milk production is SSSU source ñTable No.15: Milk produc-

tionò, and for fat content in milk ï expert judgment, which reported in Table A3.2.2.6 of Annex 3.2.2. 

Typical values of live weight for each sex-age cattle groups reported in Annex 3.2.2 (Tables A3.2.2.3 

and A3.2.2.4). These values used for ñMature Dairy Cattleò, ñOther Mature Cattleò and ñGrowing 

Cattleò live weight calculation (Annex 3.2.2, Table A3.2.2.2).  

Fodder consumption structure (Annex 3.2.3, Table A3.2.3.6) at all livestock owners and ra-

tio of cattle sex-age groups at agrienterprises and households are the key drivers for Nex estimation. 

Agrienterprises and households have a fundamental difference in the cattle diet structure. The share 

of concentrated and succulent fodders at agrienterprises is over 60 % (more than 30 % of each type 

of fodders). Other fodders share mainly not more than 10 %. Another situation is typical for house-

holds, where the share of concentrated fodders ï 9 %, succulent fodders ï 12 %, coarse fodders ï 

30 % and other fodders ï 49 %.  

Sheep, swine and poultry Nex estimation based on the amount of manure excreted in dry 

matter and the proportion of nitrogen in it. These values calculated in accordance with the Equa-

tion 5.2 and reported in Annex 3.2.3 (Annex 3.2.3, Table A3.2.3.5):  

 

ὔ ὓὈὓ Ὢὲσφυ, (5.2) 

 

where:  

Nex ï annual average N excretion per head, kg N animal-1 yr-1; 

MDMex ï amount of manure excreted by animals in dry matter, kg of dry mater day-1 (An-

nex 3.2.3, Table A3.2.3.1); 

fn ï fraction of nitrogen in manure dry matter from species/group of animals, dimensionless 

(Annex 3.2.3, Table A3.2.3.5). 

 

The values of the amount of manure excreted in dry matter for swine and poultry were the 

same as those that used in Chapter 5.3.2.1 Methane emissions from Manure Management (also, see 

Table 5.9). Their source is a judgment from the NAASU (ˉ30432/10-17 on 28 Nov 2017), where 

they show an algorithm of its calculation according to ñDepartmental standards of technological de-

signò [14-16]. The source of sheep MDMex values (Annex 3.2.3, Table A3.2.3.1) is a NAASU judg-

ment (ˉ13700/10-16 on 13 Dec 2016).  

The values of nitrogen fractions in dry matter (Annex 3.2.3, Table A3.2.3.5) of sheep, swine 

and poultry manure are standard [9, 14-16, 21].  

For goats (Nex = 17.987), horses (Nex = 41.282), mules (Nex = 14.235), camels 

(Nex = 30.098) and buffaloes (Nex = 44.384) values of annual average N excretion per head esti-

mated in accordance with Tables 10.19, 10A-6, 10A-9 and Equation 10.30 [1]. Nex for rabbits 

(Nex = 8.1) takes from Table 10.19 [1].  

National statistics do not provide data to determine the population of fur-bearing species 

before 2004 (only total number of fur-bearing animals for 1990-2003, and fur-bearing livestock by 

species from 2004). In accordance with the ERTôs recommendation (ARR 2015, Table 5, A.12), the 

weighted average Nex was calculated for fur-bearing animals from 2004. Furthermore, it is possible 

to calculate only average Nex for 1990-2003. There was a big difference between Nex values for 

1990-2003 and 2004-present. That is why Nex rates for 1990-2003 have been revised with consider-

ation with ERT recommendation (ARR 2016, Table 3, A.9) and taken as 4.672625 kg Ĭ head -1 Ĭ yr 
-1. Nex values for 1990-present period reported in Annex 3.2.3 (Annex 3.2.3, Table A3.2.3.4).  

The amount N excretion determination per each MMS was performed using animal livestock 

values, the amount of Nex per head Ĭyr-1 and the proportion of manure processed in the corresponding 

system. Nex for cattle, sheep, swine and poultry was calculated on a more disaggregated level ï sep-

arately for each gender and age groups of animals in the various farms categories. This approach takes 

into account the characteristics of different manure management sex and age groups of animals in the 

agricultural enterprises and households (Table 5.10), the corresponding average annual number of 

livestock and Nex (Annex 3.2.3, Tables A3.2.3.4-A3.2.3.5), and MMS typical share of processed 

manure (Annex 3.2.3, Table A3.2.3.2).  
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Indirect N2O emissions from manure management systems  

Indirect N2O emissions includes the 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 storage. That is why, the indirect N2O emissions estimated from 

MMS volatilization only.  

Manure management N2O indirect emissions estimated according to Equation 10.27, where 

EF4 ï default value, and N Volatilization-MMS calculations based on Equation 10.26 [1].  

Default value of fraction of managed manure nitrogen for livestock category that volatilizes 

as NH3 and NOX in the manure management system used for N Volatilization-MMS estimation. SSSU 

sources used for animalôs livestock estimation. This data reported in Annex 3.2.1.2 and Tables 

A3.2.1.3.1-A3.2.1.3.2 of Annex 3.2.1.3. Annual average N excretion values used from previous sec-

tion ñDirect N2O emissions from manure management systemsò of current chapter. The same values 

of MMS for each animal group (Annex 3.2.3, Table A3.2.3.2) applied in Chapter 5.3.2.1 Methane 

emissions from Manure Management.  

 

5.3.2.2.2 NMVOC emissions from Manure Management 

 

To determine emissions of non-methane volatile organic compounds (NMVOC) from ma-

nure management systems, Tier 1 method was used [22]. In accordance with the methodological 

guidelines, estimation of NMVOC emissions from manure carried out according to Equation 5.3 [22]: 

 

, (5.3) 

 

where: 

Epollutant_animal ï pollutant emissions for each livestock category, tons yr-1 (Annex 3.2.9, Ta-

ble A3.2.9.2);  

AAPanimal ï number of animals of a particular category that are present, on average, within 

the year; 

EFpollutant_animal ï emission factor for each livestock species/category.  

 

The information base on the population of animals for NMVOC emissions estimation (An-

nex 3.2.1.2 and Tables A3.2.1.3.1-A3.2.1.3.2 of Annex 3.2.1.3) are statistical materials (Findings of 

cattle registry, Table No.7; Statistical reported data: ñNumber of agricultural animals as of Janu-

ary 01ò [38]; Statistical bulletin: ñThe status of livestock in Ukraineò [13]; Statistical yearbook: ñAn-

imal Production of Ukraineò [10] and analytical study [2]. Cattle, swine, sheep, and poultry livestock 

at agrienterprises and households specialization by categories performed in accordance with Tables 

A3.2.1.1.1 and A3.2.1.1.2 of Annex 3.2.1.1. 

 

Table 5.12. Tier 1 EF for NMVOC by default 

Livestock 
Tier  1 default EF for NMVOC, kg AAP-1. a-1 

with silage feeding without silage feeding 

Dairy cattle 17.937 8.047 

Other cattle1 8.902 3.602 

Fattening swine2 - 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 

Ὁ ͺ ˍˍ˝ ὉὊ ͺ  
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Livestock 
Tier  1 default EF for NMVOC, kg AAP-1. a-1 

with silage feeding without silage feeding 

Other poultry (ducks, geese, turkeys)3 - 0.489 

Fur-bearing animals - 1.941 

Rabbits - 0.059 

Reindeer4 - 0.045 

Camels - 0.271 

Buffaloes 9.247 4.253 

 
1 Includes young cattle, beef cattle and suckling cows 

2 Includes piglets from 8 kg to slaughtering  
3 Based on data for turkeys  
4 Assume 100% grazing  

 

Tier 1 standardized emission factors for NMVOC used by default [34] and reported in Ta-

ble 5.12. 

 

5.3.3 Uncertainty and time-series consistency 
 

Uncertainty assessment calculated according to Tier 1 method [1]. 

Uncertainty of the inventory results in this category is determined by: the population of an-

imals; the amount of volatile solid substances and nitrogen the composition of manure; the maximum 

methane producing potential; manure distribution by manure management systems; methane conver-

sion factors; nitrous oxide emission factors; emission factors for NMVOCs. 

 

 
Fig. 5.8. Emission trends in category 3.B Manure Management, and those of cattle, swine, poultry 

and other animalsô populations 

 

The uncertainty of statistical data on the population of cattle and poultry evaluated at the 

level of 6 %. According to the expert judgment, the accuracy of standards of manure and litter excre-

tion in the dry matter, of nitrogen fractions and ASH in it, as well as of data on manure distribution 

by species and sex-age 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 and mules, as well as rabbits and fur-bearing animals is 30 % [1]. 
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The accuracy of national data on the number of emissions of volatile solid substances and 

nitrogen in the composition of manure/litter of cattle, pigs, sheep, and poultry calculated based on the 

standards corresponds to the mark of 7 %. 

Table 5.13 shows uncertainties of the input data for estimating methane emission factors 

from manure and their sources. 

 

Table 5.13. The uncertainty of data for calculation of national factors of CH4 emission from 

Manure Management, % 

Indicator  Measurement unit Uncertainty Source 

Excretion of manure and litter kg/head per day 5 State regulatory data 

The proportion of ASH in manure and litter rel. u 5 State regulatory data 

The proportion of volatile solid substances 

and nitrogen in sheep manure 
rel. u 5 Expert judgment 

The maximum potential of methane emission 

from manure and litter 
m3/kg of VS 15 2006 IPCC Guidelines 

Methane conversion factor for uncovered an-

aerobic lagoons 
rel. u 56 2006 IPCC Guidelines 

Methane conversion factor for solid storage  rel. u 50 2006 IPCC Guidelines 

Methane conversion factor for liquid system 

with natural crust cover 
rel. u 42 2006 IPCC Guidelines 

Methane conversion factor for pas-

ture/range/paddock 
rel. u 50 2006 IPCC Guidelines 

Distribution of manure and litter by systems rel. u 5 Expert judgment 

 

The accuracy of default nitrous oxide emission factors based on [1] and constituted 50.0 %, 

and the estimated uncertainty of methane emission factors from manure was 19,13 %. 

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. For 

activity data collection and processing for the entire time series, the SSSU applied harmonized meth-

odologies. Fig. 5.8 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 in the reporting pe-

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 meat 

products in the market.  

 

5.3.4 Category-specific QA/QC procedures 
 

The general and detailed quality control and assurance procedures were applied to estimation 

of emissions in category 3.B Manure Management. In particular, according to the recommendations 

[1], a cross-check 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 values in 2006 IPCC Guide-

lines [1]. 

As part of the quality control procedures, national methane emission from manure factors 

were compared with the factors of Comparison of methane emission factors from enteric fermentation 

with emission coefficients of Central and Eastern Europe countries (Table 5.14). The main reasons 

of the EFôs differences are the type of manure management systems and their range.  

 

Table 5.14. Comparison of emission factors in 3.B Manure Management category*, kg/head 

per year 

Emission factor  Ukraine 
Federal Republic 

of Germany 

French 

Republic 

Republic of 

Austria  

Czech 

Republic 

Slovak 

Republic 
Hungary 

3.ɺ Manure Management (methane emissions) 

Mature dairy cattle 4.20 23.24 11.06 17.12 13.28 8.33 30.50 

Other mature cattle ** 1.32 7.66 3.37 6.81 3.55 2.14 9.87 
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Emission factor  Ukraine 
Federal Republic 

of Germany 

French 

Republic 

Republic of 

Austria  

Czech 

Republic 

Slovak 

Republic 
Hungary 

Sheep 0.24 0.28 0.35 0.31 0.19 0.39 0.29 

Swine 3.04 4.78 4.14 1.26 2.00 2.58 3.53 

Other livestock 0.05 0.04 0.03 0.04 0.11 0.03 0.03 

3.ɺ Manure Management (direct nitrous oxide emissions) 

Mature dairy cattle 0.30 0.62 0.40 0.80 0.58 0.79 1.18 

Other mature cattle ** 0.12 0.33 0.18 0.48 0.32 0.25 0.49 

Sheep   0.02 0.03 0.02 0.07 0.04 0.09 0.07 

Swine  0.09 0.06 0.004 0.09 0.05 0.07 0.05 

Other livestock 0.002 0.002 0.001 0.003 0.004 0.002 0.004 

3.ɺ Manure Management (indirect nitrous oxide emissions) 

Atmospheric deposition 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

Nitrogen leaching and 

run-off 
NE NO 0.01 NO 0.01 NA 0.01 

 

  * Source: NIR of the countries, data for 2020, Ukraine ï 2021 data. 

** For reporting, Ukraine uses option B, therefore the emission factors reported for growing cattle, given its dominant share in 

the structure of non-dairy cattle herds. 

 

The key factor determining trends of emissions from manure management of the main types 

of farm animals ï cattle and swine ï is the degree of utilization of liquid and anaerobic systems at 

agricultural enterprises. Moreover, a correlation analysis was conducted for national methane emis-

sion factors from manure of cattle and swine and the shares of these animals' manure by liquid and 

anaerobic systems for the reporting period (Fig. 5.9 and 5.10).  
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Fig. 5.9. Comparison of cattle emission factors and the shares of manure in MMS 

 

Based on its results, it can be note that the trends of the emission factors and manure shares 

managed in anaerobic lagoons are closely related. 

It should be noted that since 2005 (Fig. 5.9), there is a certain growth observed in the share 

of cattle manure in anaerobic systems in the manure management system distribution structure in the 

public sector (except for the last year). This pattern is due to the trend emerging in the recent years 

of expansion and construction of new large specialized dairy farms. Moreover, since 2006 there has 

been a clear trend of an increase in the share of swine manure processed in the liquid form, which is 

associated with 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 form, 

against the background of the total population of swine at agrienterprises.  

 

 
Fig. 5.10. Comparison of swine emission factors and the shares of manure in MMS 

 

As part of quality assurance procedures, an independent expert review of the approaches and 

source data used to calculate emissions in category 3.B Manure Management performed. 

 

5.3.5 Category-specific recalculations 
 

Time series GHG emissions in 3.B Manure Management category recalculated and reported 

in Annex 3.2.10 (Table A3.2.10.2).  

Recalculations in the 3.A Enteric Fermentation category is a reason for recalculations in the 

current category.  

 

5.3.6 Category-specific planned improvements 
 

Detailed MMS data for cattle, swine and poultry at agrienterprises manure distribution are 

not available. Special research is required to improve report in this category. To solve this issue, 

MEPR has an offer to include a relevant research study to the List of high-priority improvements. 

This study should resolve the following issues: MMS determination in accordance with 2006 IPCC 
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Guidelines; quantitative indicators of cattle, swine and poultry manure (tones), and its distribu-

tion (%).  

Due to the difficult political and economic situation in the country, conducting of this study 

is currently impossible and its timing is unknown yet. However, all available data collected as a pre-

liminary stage of this study.  

 

 

5.4 Rice Cultivation (CRF category 3.ʉ) 
 

5.4.1. Category description 
 

Rice cultivation is one of minor methane sources in Ukraine (Annex 3.2.9, Table A3.2.9.3). 

This fact explains the negligible GHG in category 3C Rice Cultivation (Table 5.15).  

The annual amount of methane released from rice cultivation areas [1] depends on factors 

such as the area of rice fields, rice variety, the number of harvests, the duration of the culture cultiva-

tion, the water regime before and during the period of cultivation, the fertilization system, soil type, 

temperature. The key factor that affects the emissions volume is the area of rice fields (Annex 3.2.4, 

Table A3.2.4.1).  

 

Table 5.15 Review of category 3C Rice Cultivation 

Category 
Method ap-

plied 

Emission 

factor 
Gas 

The key 

category 

Emissions, kt Trend, 

% 1990 2021 

Rice Cultivation ʊ1 D ʉʅ4 No 8.66 2.99 -65.42 

 

In Ukraine, areas of rice fields are negligible. They were the lowest in 2021 and amounted 

to 10,100 hectares, and the largest ï in 2011, 29,600 ha. In general, Ukraine has reducing rice culti-

vation areas. Changes in the rice harvesting areas directly cause the dynamics of methane emissions 

in the entire time series (Fig. 5.11) and determine the trend.  

A sharp reduction in harvested rice acreage in 2014-2021 was due to absence of activity in 

the Autonomous Republic of Crimea.  

 

5.4.2 Methodological issues  
 

Methane emissions from rice cultivation were calculated according to Tier 1 of the 2006 

IPCC Guidelines [1] based on SSSU data (Annex 3.2.4, Table A3.2.4.1) on rice harvested area and 

the number of organic fertilizers brought into the soil for this crop, as CH4 emissions from rice culti-

vation are not the key category.  

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 days. 

Rice harvested once a year. Soil types used for rice cultivation ï alkaline and brownstone alkaline.  

Compost used as an organic fertilizer for rice (fermented fertilizers). Data on application of 

organic fertilizers for rice in 1991-1992 and 1994-1995 are not available from statistics, so the inter-

polation method was applied (Annex 3.2.4, Table A3.2.4.1).  

A basic Equation 5.1 [1] used for calculations, and an adjusted daily emission factor (An-

nex 3.2.8, Table 3.2.8.6) was determined based on Equation 5.2 [1] of the 2006 IPCC Guidelines.  

As a start point for calculations 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 fertilizers (EFc) used. Its default value is 

1.30 kg of CH4 ha-1 per day (with the error range of 0.80 ï 2.20, Table 5.11 of 2006 IPCC Guidelines) 

[1].  

Several factors used for calculations:  

ï scaling factor to account for differences in water regimes during the cultivation period 

(SFw) used as default data from Table 5.12 [1];  



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

188 

ï scaling factor to account for differences in the water regime before the season, before the 

cultivation period (SFp) ï from Table 5.13 [1];  

ï scaling factor both for the type and amount of organic fertilizers applied (SFo) that was 

calculated according to Equation 5.3. (Table 5.14) [1].  

 

 
Fig. 5.11. Methane emissions and harvested area values fluctuation in 3C Rice Cultivation category 

 

The input data, which used for methane emissions estimation from rice cultivation, reported 

in Table 5.16.  

 

Table 5.16 Activity data for estimation of methane emissions from rice cultivation 
Indicator  1990 1995 2000 2005 2010 2015 2020 2021 

The baseline emission factor for continu-

ously flooded fields without organic fertiliz-

ers (EFc), kg of CH4 ha-1 per day 

1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 

The scaling factor to account for differences 

in water regime during the cultivation period 

(SFw) 

1 1 1 1 1 1 1 1 

The scaling factor to account for the differ-

ences in water regime in the pre-season be-

fore the cultivation period (SFp) 

1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 

The scaling factor should vary for both type 

and amount of organic amendment applied 

(SFo) 

1.0544 1.0132 1.0021 1.0000 1.0009 1.0000 1.0000 1.0000 

The adjusted daily emission factor for a par-

ticular harvested area (EFi), kg of CH4 ha-1 

per day  

2.60 2.50 2.48 2.47 2.47 2.47 2.47 2.47 

The cultivation period of rice (t), days 120 120 120 120 120 120 120 120 

 

5.4.3 Uncertainty and time-series consistency  
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Uncertainty estimation performed on base of Tier 1 method according to the methodology 

set out in Section 5.5.4, Volume 4 of the 2006 IPCC Guidelines [1]. 

The sources of uncertainty related to methane emissions from rice cultivation are various 

indicators (Table 5.17). 

 

Table 5.17. Uncertainties in category 3.C Rice Cultivation 

Indicator  Uncertainty, % 

The scaling factor should vary for both type and amount of organic amendment applied (SFo) 35.0 

The baseline emission factor for continuously flooded fields without organic fertilizers (EFc) 47.0 

The scaling factor to account for differences in water regime during the cultivation period (SFw) 23.0 

The scaling factor to account for the differences in water regime in the pre-season before the 

cultivation period (SFp) 
14.0 

The adjusted daily emission factor for a particular harvested area (EFi) 15.14 

The cultivation period of rice (t) 5 

The annual rice harvested area (A) 6 

 

To calculate the uncertainty of the conversion factor for compost, the basic emission factor 

for continuously flooded fields, the scaling factor to account for water regimes differences during the 

period of rice cultivation, and the scaling factor to account for differences in water regimes before 

the season, before the cultivation period, the corresponding error ranges used from Tables 5.11-5.14 

of the 2006 IPCC Guidelines [1].  

Over the entire reporting period, the same approach to collection of the basic information 

applied, and calculation of GHG emissions held on based of Tier 1 procedure from the 2006 IPCC 

Guidelines [1], which allowed forming consistent time series.  

 

5.4.4 Category-specific QA/QC procedures 
 

The general quality control and assurance procedures were applied to estimation of methane 

emissions as a result of rice cultivation. 

Comparison of data on rice harvested areas with the same values used for estimation of 

emissions in the LULUCF sector showed that these data coincide. 

 

5.4.5 Category-specific recalculations  
 

Any recalculations of GHG emissions performed in the category 3C. Rice Cultivation.  

 

5.4.6 Category-specific planned improvements 
 

Any improvements planned in this category.  

 

 

5.5 Agricultural Soils (CRF category 3.D) 
 

5.5.1. Category description 
 

Nitrous oxide emissions from soils occur naturally as a result of the microbial processes of 

ammonification, nitrification, and denitrification. However, application of nitrogenous fertilizer (ni-

trogen fertilizers, manure, crop residues) contributes into an increase in the amount of nitrogen in-

volved in the processes of ammonification, nitrification, and denitrification, and ultimately ï amount 

the N2O emitted [23]. N2O emissions in category 3.D Agricultural Soils reported in Table A3.2.9.4 

of Annex 3.2.9 (also see Table 5.18).  

 

Table 5.18. Review of category 3.D Agricultural Soils  



¦ƪǊŀƛƴŜΩǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ Inventory 1990-2021 

190 

Category 
Method 

applied 

Emission 

factor 
Gas 

The key cat-

egory 

Emissions, kt   Trend, 

% 1990 2021 

3.D.1.1 Inorganic N Fertilizers ʊ1 D N2O 

Level/Trend 

28.89 31.40 8.66 

3.D.1.2 Organic N Fertilizers ʊ1 D N2O 7.78 1.97 -74.63 

3.D.1.3 Urine and Dung Deposited by 

Grazing Animals 
ʊ1 D N2O 10.59 3.17 -70.10 

3.D.1.4 Crop Residues CS D N2O 46.26 37.59 -18.74 

3.D.1.5 Mineralization/Immobilization 

Associated with Loss/Gain of Soil Or-

ganic Matter 

ʊ2 D N2O NO 19.91 NO 

3.D.1.6 Cultivation of Organic Soils ʊ1 D N2O 5.99 5.93 -1.07 

3.D.2.1 Atmospheric Deposition ʊ2 D N2O 
Level/Trend 

6.93 5.29 -23.64 

3.D.2.2 Nitrogen Leaching and Run-off ʊ1 D N2O 19.99 20.83 4.21 

 

During the observation period, there was redistribution of the share of emissions among 

sources in category 3.D Agricultural Soils (Fig. 5.12).  

 

 
Fig. 5.12. Emission distribution in category 3.D Agricultural Soils 

 

The key reasons for redistribution of shares of emissions in the category are the increase in 

emissions from crop residues and the reduction in other GHG sources, especially use of inorganic N 

fertilizers.  

 

5.5.2 Methodological issues 
 

5.5.2.1 Direct nitrous oxide emissions from agricultural soils 
 

Sources of direct nitrous oxide emissions are [23]: 

ï application inorganic N Fertilizers (FSN); 
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ï application organic N Fertilizers (FON); 

ï urine and dung deposited by grazing animals (FPRP); 

ï crop residues, including nitrogen fixation (FCR); 

ï N mineralization associated with loss of soil organic matter resulting from change of land 

use or management of mineral soils (FSOM); 

ï cultivation of organic soils (FOS). 

 

Research paper ñDevelopment of the method to estimate and determine nitrous oxide emis-

sions from agricultural soils: the final report on completion of the II (second) phase of the research 

workò [23] conducted to evaluate national opportunities for estimation of N2O emissions from agri-

cultural soils. This paper recommended IPCC methodology [1], some national methodological ap-

proaches and default EFôs (Annex 3.2.8, Table A3.2.8.7).  

Direct emissions of N2O estimated in accordance with Equation 11.1 from 2006 IPCC 

Guidelines [1].  

 

Annual direct N2O-N emissions from N inputs to managed soils  

To calculate annual direct emissions of N2O-N as a result of nitrogen application to managed 

soils, Equation 11.1 [1] used.  

This equation will provide the values of FSN, FON, FCR and FSOM for rice and the other crops. 

Activity data for determining the annual amount of inorganic N fertilizers, organic N fertilizers, N of 

crop residues and the N of mineralized soils for crops (and separately rice) are given in appropriate 

forms and SSSU bulletin and the results of analytical study [2].  

According to Equation 11.1 [1], the indicators of the annual amount of nitrogen from inor-

ganic fertilizers and manure, compost, sewage sludge and other organic nitrogen-containing additives 

brought under rice and the annual amount of nitrogen in crop residues of rice allocated separately and 

marked as FR.  

 

Synthetic fertilizer. Nitrogen emissions from application of nitrogen fertilization calculated 

according to method that based on data from the statistical bulletin: ñThe application of synthetic and 

organic fertilizers for harvest of agricultural cropsò [24] and analytical study [2]. FAO data (http://fao-

stat.fao.org) and interpolation (Annex 3.2.5, Table A3.2.5.2) used for the years for which there are 

no statistical data (1991-1992 and 1994-1995). For managed soil application several types of syn-

thetic N fertilizers used in Ukraine: ammonium hydroxide, calcium nitrate, ammonium nitrate, so-

dium nitrate, urea and others. However, SSSU provide only total annual amount values of these syn-

thetic fertilizers (without their division into species) in 1990-2017 and from 2018 reports more de-

tailed data where includes main kinds of simple and complex N fertilizers. The calculation of the 

annual amount of inorganic N fertilizers does not provide accounting losses of nitrogen in the ammo-

nia and NOX compounds form as the correction occurs during the EF determination [1]. 

 

Organic fertilizer. The annual amount of manure, compost, sewage sludge, and other organic 

nitrogen-containing additives introduced into soils was determined based on Equation 11.3 [1]. It 

should be noted that organic fertilizers (FON) consist only from annual amount of animal manure N 

(FAM) and compost N (FCOMP; N2O emissions from applied to soils compost N are reported in CRF 

Table 3.D as ñ[a. Direct N2O emissions from managed soils] [2. Organic N fertilizers 
(3)] [c. Other 

organic fertilizers applied to soils]ò). According to SSSU data sewage N (FSEW) and N from other 

organic amendments that used as fertilizer (FOOA) not applied on managed soils.  

The annual amount of nitrogen in introduced into soils manure determined by Equa-

tion 11.4 [1]. Calculation of the amount of nitrogen in treated manure introduced into the soil, used 

for feeding, as fuel, or in construction based on Equation 10.34 [1]. National statistics do not keep 

records of the amount of treated manure used for feeding, construction, and as fuel, so Frac FEED, 

Frac FUEL, and Frac CNST not used for NMMS_Avb estimation. 

Estimation of the amount of N in the managed manure, which inputted into the soil, carried 

out without considering Composting MMS as compost taken into account when calculating the an-

nual total amount of N in the compost FCOMP. 

http://faostat.fao.org/
http://faostat.fao.org/
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Moreover, the SSSU does not collect a data of the amount of N in sewage that introduced 

into soils (FSEW). Also, they do not have a data on the amount of other organic improvers that used as 

fertilizers (FOOA). Thus, these figures were not taken into account for estimation of the annual amount 

of manure, compost, sewage sludge, and other organic nitrogen-containing additives introduced into 

soils (FON).  

Nitrogen, which inputted with the compost, taken into account only in FCOMP. Thus, the total 

annual amount of N in the compost FCOMP includes a compost that produced from plant residues and 

compost obtained through the managed manure. 

The amount of N in compost that applied to soils calculated according to Equation 10.25 [1] 

using the values and the coefficient for the Composting MMS.  

 

Crop residues. Estimation of nitrogen in crop residues carried out according to the national 

methodology, based on data on the biomass of plant residues plowed into the soil and the nitrogen 

content in them. Estimations of the amount of crop residues plowed into the soil carried out based on 

Levin's method quoted in the research paper [25] on the base of yield data for the key agricultural 

crop products. The amount of crop residues in crop sowed depends on biological properties of the 

cultivated plants, ecological (mainly soil and climate) conditions, the agricultural technologies and 

productivity levels, ways of sowing, seeding rates, and a number of other reasons. Therefore, when 

conducting the research, the results of which shown in Levin's paper, an attempt made to take into 

account the factors indicated above. For that sake, regression equations developed to determine the 

mass of plant residues based on the key product yields. The dependence of the amount of plant resi-

dues on crop growth is not always straightforward, so the biomass structure and the equations calcu-

lated for two yield levels ï high and low. The advantage of Levin's method is that it provides for not 

only determination of the mass of side-products (hay, straw, tops, etc.) and surface residues (stubble) 

of crops, but also the mass of roots, making it possible to more comprehensively account for nitrogen 

in crop residues returned to soil. The values of the amount of plowed in side-products, stubble, and 

roots (in kilograms per hectare) for each crop calculated using the regression equations were then 

multiplied by the corresponding proportions of nitrogen and the total harvested area under the crop 

to assess the volume of nitrogen mineralized in soils in composition of plant residues in the national 

scope. 

The number of side-products entering the soil was accounted for based on findings of the 

studies that showed that plowed in side-products are those of corn for grain, soybeans, potatoes, veg-

etables, sunflowers, as well as food and fodder melons. Straw, tops, and other side-products of other 

agricultural crops are harvested as forage or bedding for animals. 

Estimation of nitrogen emissions as a result of crop residue return into soil was performed 

based on Equation 5.4 [25]: 

 

, 
(5.4) 

 

where: 

i ï agricultural crop type index; 

Pi ï yield of crop i, kg ha-1; 

Si ï total harvested area under crop i with correction to the area that affected by the fires, ha; 

ai and bi ï regression coefficients for side-products of crop i; 

ci and di ï regression coefficients for surface residues of crop i; 

xi and yi ï regression coefficients for roots of crop i; 

fai ï the proportion of nitrogen in the mass of side-products and surface residues of crop i, 

rel. u; 

fri ï the proportion of nitrogen in the mass of roots of crop i, rel. u; 

EF1 ï nitrous oxide emission factor for mineralization of plant residues in soil, kg of N2O-

N kg-1 N; 

FracRemove ï the number of side-products residues of a crop removed for feeding, bedding, 

and construction, kg of N kg-1 of N; 
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44/28 ï the stoichiometric ratio between nitrogen content in N2O-N and N2O. 

 

The values of yield and total harvested area of agricultural crops taken from the Statistical 

bulletin: ñThe area, gross harvesting and yields of crops, fruits, berries and grapesò [26] and analytical 

study [2]. The statistical bulletin contains data on all agricultural enterprises whose activities aimed 

at production of marketable agricultural products. 

The estimations assumed that about 25 % of harvested areas under perennial grasses and 

herbage of cultivated pastures and hayfields renewed annually [27]. Similarly, to herbs, it assumed 

that each year 50 % of areas under biennial vegetables for seeds are renewed.  

The sources of data on nitrogen fractions in underground and above-ground residues of most 

crops were national publications [17, 28-30]. For melons, coriander, broad beans, chick-peas, lathyrus 

and mung bean, spring rye, rice, barley, rape seeds, mustard and camelina, tobacco and wild tobacco, 

castor-oil beans, soybeans, sorghum, beans, and lupine data on nitrogen content were used in accord-

ance with [1] or based on expert judgment.  

For the crops where Levin's method offers no regression coefficients, the same data for bio-

logically similar crops used. The information base for determining taxonomic similarity of crops was 

the reference book for identification of crop plants [31-32]. In particular, for soybean, vicia, beans, 

lupine, broad beans and chick-peas, lathyrus, mung bean data on pea (the legume family) used, for 

spring rye ï data on winter rye were used, for rice ï barley data, for sorghum ï data on millet (the 

family of cereals), for crown flax ï data on flax-fiber (the flax family), for tobacco and wild tobacco 

ï potato data (the Solanaceae family), for rape seed, mustard, and camelina ï data on annual grasses 

(the cruciferous family). In the absence of regression coefficients for the food and feed melons (the 

gourd family), the calculation based on vegetables. For vegetables, regression coefficients for cori-

ander (Umbelliferae) used. Castor (the Euphorbiaceae family) correlated with sunflower (oilseed 

crops). In hayfields and managed pastures in the general herbage, there are perennial gramineous and 

leguminous grasses, so the corresponding regression coefficients used in the estimations.  

Fires events stratified by timing of burning: before or after crop harvesting. If fires occurred 

before the crops have been harvest that is accounted by SSSU in the Statistical bulletin [26], where 

areas and yield of harvested crops reported. In the case of fires after crop harvest, regional depart-

ments of the SESU provided data of areas, which used for harvested area adjustment.  

Regression coefficients depending on the crop yields, as well as the proportion of nitrogen 

in side-products, stubble and roots reported in Table A3.2.5.3 (Annex 3.2.5). 

In the inventory, it assumed that the entire nitrogen accumulated by nitrogen-fixing rhizobia 

in roots of legumes accounted for when estimating emissions from mineralization of plant residues 

in soil. 

 

Mineralized N. Country specific C:N ratio of the soil organic matter and ȹC used for FSOM 

estimation according to Equation 11.8 [1]. More detail information about FSOM estimation reported in 

Chapter 6.3 and Annex 3.3.2.  

 

For N2O-NN Input direct emissions, calculation default factors used from 2006 IPCC Guide-

lines [1].  

 

Annual direct N2O-N emissions from managed organic soils 

The 2013 Wetlands Supplement contains updated EFs for direct N2O emissions from drained 

organic soils in all land use. However, country specific AD not harmonized with 2013 Wetlands 

Supplement EFs. That is why estimation of GHG emissions from managed organic soils can based 

only on 2006 IPCC Guidelines.  

 

The annual direct emissions of N2O-N from cultivated organic soils calculations based on 

histosols area data and default EF (Table 11.1 of 2006 IPCC Guidelines) according to Equa-

tion 11.1 [1].  
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Data on areas of peat soils covering all of their types obtained from the State Agency of 

Water Resources of Ukraine. They are the most reliable ones, because they are based on information 

obtained directly the regional offices (Annex 3.2.5, Table A3.2.5.4).  

 

Annual direct N2O-N emissions from urine and dung inputs to grazed soils  

Emissions of N2O-N from animal manure on pastures (N2OïNPRP) estimated in accordance 

with Equation 11.1 [1]. In general, the methodology for estimating emissions in this category is sim-

ilar to calculation of emissions from the other systems within category 3.B Manure Management. 

However, since manure from animals on pasture remains unharvested, emissions from this source 

should be estimated under category 3.D Agricultural Soils. 

The annual amount of nitrogen from urine and litter deposited on pasture, range, and pad-

dock by grazing animals was calculated according to Equation 11.5 [1], which is based on use of 

national data on the amount of Nex in the MMS composition of manure (see Chapter 5.3.2).  

The amount of nitrogen excreted in manure composition of species/category of cattle, sheep, 

swine, and poultry (Nex) was calculated based on the amount of manure excreted in dry matter and 

the proportion of nitrogen in it using the Equations (10.31-10.3 from [1] and 5.2), as presented above 

(see Chapter 5.3.2.2.1) and reported in Tables A3.2.3.4-A3.2.3.5 of Annex 3.2.3. 

The applied values of the proportion of total annual nitrogen emissions for each cattle spe-

cies/category, which remains on pasture or paddock (MMS (T, PRP)) were the same as in 3.B.1 Manure 

Management (methane emissions) category (see Annex 3.2.3, Table A3.2.3.2). 

To estimate the emissions of N2O-N from animal manure on pastures (N2OïNPRP), a default 

EF for N2O emissions from nitrogen in urine and manure left by animals on pasture, range, and pad-

dock was used [1].  

 

5.5.2.2 Indirect nitrous oxide emissions from agricultural soils 
 

Research paper ñDevelopment of the method to estimate and determine nitrous oxide emis-

sions from agricultural soils: the final report on completion of the II (second) phase of the research 

workò [23] conducted to evaluate national opportunities for estimation of N2O emissions from agri-

cultural soils. This paper recommended IPCC methodology [1], country specific and default EFôs 

(Annex 3.2.8, Table A3.2.8.7).  

In addition to direct N2O emissions from managed soils that happen directly from soil re-

ceiving nitrogen, N2O emissions also occur through two indirect pathways ï as nitrogen deposition 

from the atmosphere in the form of NH3 and NOX, and by leaching/runoff of introduced or deposited 

nitrogen.  

The following sources of nitrogen for indirect N2O emissions from managed soils that occur 

as a result of agricultural nitrogen introduction considered next positions:  

 N of synthetic fertilizers (FSN);  

 N of organic matter that applied as fertilizer (FON);  

 N of urine and dung deposited on pasture, range and paddock by grazing animals (FPRP);  

 N in crop residues (above- and below-ground), including N-fixing crops and forage/pasture 

renewal returned to soils (FCR);  

 N mineralization associated with loss of soil organic matter resulting from change of land 

use or management on mineral soils (FSOM).  

 

The type of N sources and their characteristic reported above in Chapter 5.5.2.1 Direct ni-

trous oxide emissions from agricultural soils.  

 

Volatilization  

Assessment of indirect N2O emissions as a result of deposition from the atmosphere of ni-

trogen volatilized from managed soils was conducted according to Equation 11.1 [1].  

Values of the annual amount of N from synthetic (FSN) and organic (FON) fertilizers, and N 

from urine and dung left on pasture, range, and paddock by animals (FPRP) calculated according to 
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the corresponding equations, as described in Chapter 5.5.2.1 Direct nitrous oxide emissions from ag-

ricultural soils.  

To estimate indirect N2O emissions as a result of deposition from the atmosphere of nitrogen 

volatilized from managed soils, country specific share of nitrogen in synthetic fertilizers, which is 

volatilized as NH3 and NOX, used [33]. A spring application of synthetic N fertilizers is a widespread 

practice of its using, because inputting N, which inputted in autumn, leached in nitrate form. Gaseous 

losses of N make up 5-24 % [33] when fertilizers apply under the crop. A country specific middle 

value (14.5 %) of this diapason used for GHG emissions calculation (Annex 3.2.8, Table A3.2.8.7).  

The share of nitrogen in organic nitrogen fertilizers introduced and nitrogen from urine and 

dung left by grazing animals, which volatilized as NH3 and NOX and the EF for N2O emissions esti-

mation from N volatilization taken as default values from 2006 IPCC Guidelines [1].  

 

Leaching/Runoff 

N2O emissions from leaching and runoff of introduced or deposited nitrogen estimated using 

Equation 11.10 [1].  

As described in Chapter 5.5.2.1 Direct emissions of nitrous oxide from agricultural soils, 

according to the respective equations the next values are calculate:  

 FSN (N from synthetic fertilizers);  

 FON (organic fertilizers);  

 FPRP (N from urine and dung deposited by grazing animals on pasture, range and paddock);  

 FCR (N returned to soils with crop residues, including from N-fixing crops);  

 FSOM (annual amount of N in mineral soils that is mineralized, in association with loss of 

soil C from soil organic matter as a result of changes to land use or management). 

 

To estimate indirect N2O emissions from leaching and runoff of introduced or deposited 

nitrogen, default values (Annex 3.2.8, Table A3.2.8.7) of the share of the total nitrogen added to man-

aged soils or mineralized in cultivated soils that is lost through leaching and runoff, and EF for N2O 

emissions from nitrogen leaching and runoff were applied [1]. 

 

5.5.3 Uncertainty and time-series consistency  
 

Uncertainty assessment calculated in accordance with Tier 1 method [1]. 

The accuracy of emission data by source sub-categories within category 3.D Agricultural 

Soils depends on the AD and EF uncertainty. The uncertainty of statistical data on the amount of 

introduced mineral nitrogen fertilizers, crop yields, and harvested crop areas can used at the level of 

6 % [2].  

Table 5.19 shows uncertainties of the values nitrogen loss shares and their sources.  

 

Table 5.19. The uncertainty of data of the fractions of nitrogen losses in category 3.D Agri-

cultural Soils 

Indicator  Uncertainty, % Source 

The fraction of nitrogen lost as NH3 and NOX at 

application of synthetic N fertilizers into soil 
66 

Value range according to data of [33] and 

expert judgment 

The fraction of nitrogen lost as NH3 and NOX at 

manure storage in anaerobic lagoons 
75 

Value range according to data of [33] and 

expert judgment 

The fraction of nitrogen lost as NH3 and NOX at 

liquid systems  
38 

Value range according to data of [33] and 

expert judgment 

The fraction of nitrogen lost as NH3 and NOX in 

solid storage  
33 

Value range according to data of [33] and 

expert judgment 

The fraction of nitrogen lost as NH3 and NOX at 

manure storage in other systems 
33 Expert judgment 

The fraction of nitrogen lost as NH3 and NOX at 

manure introduction into soil 
50 2006 IPCC Guidelines [1] 

The fraction of nitrogen lost as NH3 and NOX 

from manure on pasture 
50 2006 IPCC Guidelines [1] 
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The fraction of nitrogen lost through leach-

ing/runoff from introduced mineral nitrogen fer-

tilizers in the Polissia 

10 Expert judgment 

The fraction of nitrogen lost through leach-

ing/runoff from introduced mineral nitrogen fer-

tilizers in the Wooded Steppe 

35 Value range according to data of [33]  

The fraction of nitrogen lost through leach-

ing/runoff from introduced mineral nitrogen fer-

tilizers in the Steppe 

60 Value range according to data of [33]  

The fraction of nitrogen lost through leach-

ing/runoff from organic fertilizers introduced 
43 Value range according to data of [33]  

 

Uncertainties of activity data and default emission factors in category 3.D Agricultural Soils 

reported in Table 5.20. 

 

Table 5.20. Activity data and emission factors uncertainties of reporting year in category 

3.D Agricultural Soils, % 

Name of the emission source  Activity data  Emission factors 

Direct N2O emissions 3.43 84.14 

Indirect N2O emissions 6.39 55.90 

 

The same method with the same degree of detail used for the entire time series direct emis-

sions estimation in 3.D Agricultural Soils category. The coordinated procedures for activity data col-

lection and processing that used at the SSSU during the reporting period ensure a good succession of 

time-series.  

 

5.5.4 Category-specific QA/QC procedures 
 

General and detailed quality control and assurance procedures applied for estimation of di-

rect and indirect N2O emissions from agricultural soils. In particular, in accordance with the recom-

mendations of [1], a comparison of data of the SSSU on the amount of N fertilizers introduced in the 

country with the same data from FAO was held. The comparison showed that during the years for 

which there is a statistical database, SSSU and FAO data on the amount of N fertilizers introduced 

virtually coincide for 1996-1999 (the difference is within 0.2 %) and closely coincide for 1994-1995 

and 2005-2008. At the same time, for 1993, 2000-2004 and 2009-2021 these AD differ by 5-42 %, 

which may be due to use of the SSSU's preliminary data. 

Such SSSU data as the amount of nitrogen introduced into soil as a component of fertilizer, 

crop yields and harvested areas are in line with the same data used in estimations for the LULUCF 

sector. 

Moreover, the calculations performed analyzed the correlation between direct and indirect 

emissions, as well as between emissions from atmospheric deposition of nitrogen and leaching/runoff. 

The analysis showed that these data are well-agreed (the correlation coefficient in the both cases is 

close to one). 

Assurance of the quality of direct emissions from agricultural soil estimations ensured by 

independent peer review of the national methodologies to estimate emissions at mineralization of 

plant residues by specialized experts. 

 

5.5.5 Category-specific recalculations 
 

Time series direct and indirect N2O emissions in 3.D Agricultural Soils category recalculated 

as reported in Table A3.2.10.3 (Annex 3.2.10). 

Recalculations in the 3.B Manure Management category is a reason for recalculations in the 

current category.  
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5.5.6 Category-specific planned improvements 
 

Information about number of applied sewage sludge and other organic amendments are not 

available on database of SSSU and regional state agricultural departments. The issue of sewage sludge 

and other organic amendments using as an alternative type of organic fertilizer studies in the scientific 

articles. However, information about these studiesô recommendations implementation is not availa-

ble. It is planned to collect more data and improve this issue.  

 

 

5.6 Prescribed Burning of Savannas (CRF category 3.E) 
 

Estimation of GHG emissions in category 3.E Prescribed Burning of Savannas is not per-

formed due to the fact that ñSavannasò as an ecosystem does not exist in the territory of Ukraine.  

 

5.7 Field Burning of Agricultural Residues (CRF category 3.F) 
 

As above-mentioned in the text (Chapter 5.1), burning of agricultural residues in Ukraine is 

prohibited under the Code of Administrative Offenses (Art. 77-1) and the Law of Ukraine On Air 

Protection (Art. 16, 22).  

In croplands, there are periodical fires that lead to burning of biomass from residues of var-

ious agricultural crops and, consequently, GHG emissions. The cause character of fires shows that 

we have classified them as wildfires. That is why emissions from burning of agricultural residues 

biomass on agricultural soils accounted in Cropland category of the LULUCF sector. 

 

5.8 Liming (CRF category 3.G) 
 

5.8.1. Category description 
 

The contribution of category 3.G Liming in total GHG emissions is insignificant, which al-

lows for estimation of CO2 emissions with Tier 1 methodology (Table 5.21; Annex 3.2.9, Ta-

ble A3.2.9.5).  

 

Table 5.21. Review of category 3.G Liming 

Category 
Method ap-

plied 

Emission 

factor 
Gas 

The key 

category 

Emissions, kt Trend, 

% 1990 2021 

Liming ʊ1 D CO2 No 2592.08 176.23 -93.20 

 

Emissions of carbon dioxide (CO2) from the liming of agricultural soils (Fig. 5.13) decreased 

significantly over the time series.  

The dynamics of emission reduction clearly demonstrate a sharp reduction from 1990 to 

1991 and stabilization till 1995. From 1995 till 1997 there was the next stage of CO2 emission reduc-

tion. The reduction of carbon dioxide emissions continued till 2003, but with smoother dynamics. 

Since 2004, there was a trend towards a gradual increase in the CO2 emissions. In comparison with 

the previous year, in 2021 carbon dioxide emissions increased by 34.17 %; this was caused by the 

dynamics of annual inputted liming materials (Annex 3.2.6, Table A3.2.6.1).  
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Fig. 5.13. Carbon dioxide emissions from liming of agricultural soils and their dependence on the amount of intro-

duced liming materials 

 

Liming used to reduce soil acidity and improve plant growth in managed systems, in partic-

ular on agricultural soils and in managed forests.  

In accordance with the letters from National Academy of Agrarian Sciences of Ukraine 

(ˉ12881/5/20 of 28.08.2020 and ˉ30016/10/21 of 15.07.2021) improving the quality of acidic soils 

in Ukraine is carried out by their liming with lime fertilizers. The raw materials for the lime fertilizers 

production are natural limestone rocks and industrial waste.  

Natural limestone rocks are represented by hard (limestone, dolomite, chalk) and soft (calc-

sinter, marl, clay marl, powder dolomite) rocks. Also used products of processing of natural limestone 

rocks ï quicklime and slaked lime.  

As a raw for the lime fertilizers production used some kinds of industrial waste, which contain 

ʉʘ+2 and Mg+2, such as defecation dirt, shale and peat ash, cement kiln dust, ets.  

 

5.8.2 Methodological issues 
 

Emissions estimation performed in accordance to Equation 11.12 of the 2006 IPCC Guide-

lines Tier 1 procedure [1].  

The input data that used for the relevant calculations were: 

ï the annual amount of liming materials (Annex 3.2.6, Table A3.2.6.1);  

ï the active substance share;  

ï emission factor.  

 

Sources of data on liming materials (lime fertilizers) that applied to acidic agricultural soils 

were Statistical bulletin: ñThe application of synthetic and organic fertilizers for harvest of agricul-

tural cropsò [24] and analytical study [2]. For those years where statistics are not available, the inter-

polation method used. However, national statistics do not collect a data about kinds of liming ferti-

lizers that used for liming acidic agricultural soils (collected data only in full weight of lime materi-

als). So, information about actual kinds of liming fertilizers, their number, which was applied, and 

content of inert materials in them are not available for all report period. 
































































































































































































































































































































































































































































































































































































































































































































































