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Executive summary

ES.1.Background information on greenhouse gas (GHG)
inventories and climate change

ES.1.1Background information on climate changeCroatia

Climate change in Croatia was determined by estimating the trends in annual and seasonal mean air
temperature and precipitation amounts; and the associated indices of extremes from the data spanning
the period 19612020. The analyses was based on data 37 series of mean, minimum and maximum

daily temperature and 195 series of daily precipitation amount from Croatian Meteorological and
Hydrological Service meteorological station network.

Trends in air temperature (mean, mean minimum and mean maximum temperature) in thgdast 60
period show significant warming all over Croatia. They are positive and statistically significant, with the
highest changes (up to 0.5 ° C / 10 yrs) detectéukicentral mainland. The overall positive trend in air
temperature is mainly due to the summer trends (ranging from 0.35 ° C to 0.67 ° C / 10 yrs), and due to
an increase of winter mean air temperature in the central mainland (0.43 ° C to 0.59 °r€)/ They
observed warming is also evident in all indices of temperature extremes, revealing positive trends in the
warm indices (i.e., increased number of warm days and warm nights and longer warm spell duration),
and negative trends in the cold indices.(iless number of cold days and cold nights and shorter cold
spell duration).

The warmest year in Croatia during the 19&D20 period was 2019 with the mean daily temperature
of 13.5 ° C, which is 1.6 ° C above the 198010 climate normal. The coldest year was 1980 with the
average temperature of 10.6 °C and with anomahi df °C. In the last 60 years, each decade was
gradually warmer, and the last decade (202020) was 1.7 ° C warmer than the first one (198470).
Moreover, among the 10 hottest years, seven of them belong to the last decade.

A significant decrease in summer precipitation amounts along the Adriatic coast and the mountainous
region (5% 15% / 10 yrs) was detected, in the letter one a significant decrease was observed also in the
spring season (5%10% / 10 yrs). On the otherahd, the autumn precipitation amount trend has a
positive sign over Croatia, and it is statistically significant in the central parts of the mainlartD@%

/10 yrs). No statistically significant changes were detected in the winter months, thoughhegatale

trend prevails in eastern Croatia and Dalmatia, and a positive one elsewhere. There is a statistically
significant decrease of annual precipitation amount in the mountainous region, while the direction and
magnitude of trends are not spatiallynsistent in other regions.

The annual and seasonal precipitation trend pattern is the result of detected changes in the the indices of
precipitaiton extremes. The most prominent feature is the significant increase in annual dry spell duration
index (defined as a consecutive sequeosicdays with precipitation below 10 mm, CDD10) in the
western mainland (up to 4 days / 10 yrs) and along Adriatic region (up to 8 days / 10 yrs) while a decrease
in CDD10 was detected in the eastern mainland (up to 5 days / 10 yrs). Letter one is aetmesef

the significant decrease during the winter season. In addition, in the western mainland, in the highlands
and at the northern Adriatic region statistically significant increase is observed in the fraction of
precipitation due to very wet days aindhe simple daily intensity index (594.0% / 10 yrs).

Summer drying is revealed in a significant decrease (up to 20% / 10 yrs) in the frequency of moderate
wet days along the northern Adriatic coast and the highlands. In the mountainous littoral and central
hinterland, there is an increasing trend in the remalb dry days accompanied by a decreasing trend in

the simple daily precipitation intensity (5940% / 10 yrs) as well as in the maximum daily and-five

day precipitation amounts (5%15% / 10 yrs). In the northern Adriatic, a significant increase in dry
spell duration (CDD10) was also detected (up to 15% / 10 yrs).
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Autumn wet conditions are associated with a significant increase in precipitation fraction due to very
wet days (15% 25% / 10 yrs) in central Croatia, and a decrease in the duration of dry spells (CDD1) in
the northern Adriatic and western mainland (1:0%#6 / 10 yrs). In the mainland, a significant increase
(5% - 10% / 10 yrs) in the daily intensity index and maximunadd 5 day precipitation amounts are
found.

In spring, a significant increase (5940% / 10 yrs) in the dry spell duration (CDD1) was found in the
northern Adriatic according to the increase in the number of dry days. In the western mainland and the
highlands, a statistically significant decreasirend in moderately wet days (594.0% / 10 yrs) was
detected, whereas in eastern Croatia trend toward longer wet spells (CWD10) was found.

ES.1.2. Background information on greenhouse gas (GHG) inventories

The Republic of Croatia became a party to the United Nations Framework Convention on Climate
Change (UNFCCC) on 17 January 1996 when the Croatian Parliament passed the law on its ratification
(Official Gazette, International Treaties No. 2/96). For theuRép of Croatia, the Convention came

into force on 7 July 1996. As a country undergoing the process of transition to market economy, Croatia
has, pursuant to Article 22, paragraph 3 of the Convention, assumed the commitments of countries
included in Annex. By the amendment that came into force on 13 August 1998 Croatia was listed
among Parties included in Annex | to the Convention.

The adoption of the Decision 7/CP.12 by the Conference of Parties was acknowledged by the Croatian
Parliament which ratified the Kyoto Protocol on 27 April 2007 (Official Gazette, International Treaties
No. 5/07). The Kyoto Protocol has entered into farc€roatia on 28 August 2007. Initial Report for

the first commitment period of the Republic of Croatia under the Kyoto Protocol was submitted in
August 2008.

One of the commitments outlined in Article 4, paragraph 1 of the UNFCCC is that Parties are required
to develop, periodically update, publish and make available to the Conference of the Parties, in
accordance with Article 12, national inventories of angbgenic emissions by sources and removals by
sinks of all greenhouse gases not controlled by the Montreal Protocol, using comparable methodologies
to be agreed upon by the Conference of the Parties.

Regulation on the Monitoring of Greenhouse Gas Emissions, Policies and Mitigation Measures in the
Republic of Croatia (Official Gazette No. 5/17) prescribe obligation and procedure for emissions
monitoring, which comprise estimation and/or reporting ofiathropogenic emissions and removals.
Monitoring of GHG gases is stipulated Byticle 21 of the Act on climate change and ozone layer
protection (Official Gazette N&g7/2025 and theParis Agreementln this NID, the inventory of the
emissions and remais of the greenhouse gases (GHG) is reported for the period from 19904to 202
The NI is prepared in accordance with the UNFCCC reporting guidelines on annual Inventories as
adopted by the COP by its Decision 24/CP.19. The methodologies used in the calculation of emissions
are based on the 2006 IPCC Guidelines for National Greenhousev@atoties (IPCC Guidelines) and

the IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories
(IPCC Good Practice Guidance) prepabgathe Intergovernmental Panel on Climate Change (IPCC).

As recommended by the IPCC Guidelines couspgcific methods have been used where appropriate
and where they provide more accurate emission data. The important part of the inventory preparation is
the uncertainty assessment of the calculation and verification of the input data and results, all this with
the aim to increase the quality and reliability of the calculation.

Furthermore, since the introduction of annual technical reviews of the national inventories by experts
review teams (ERT), Croatia has undergaftedn reviews so far, ircountry review in 2004, 2007,

2008, 2012 and 2018, centralized reviews in 2005, 2006, 2009, 2010, 2011, 2013, 20120 204t

2022 Issues recommended by the ERT have been included in this report as far as possible.



Except of UN reviews, from 2013 (after Croatia become one of EU countries) European commission
conducts reviews dflID each year.

The calculation includes the emissions which are the result of anthropogenic activities and these include
the following greenhouse gases: carbon dioxidejd@ethane (CkJ, nitrous oxide (NO), halogenated
carbons (HFCs, PFCs), sulphur hexafluorideslShitrogen fluoride (NE) and indirect greenhouse
gases: carbon monoxide (CO), oxides of nitrogenjN@onmethane volatile organic compounds
(NMVOCs) and sulphur dioxide (S The greenhouse gases covered by the Montreal Protocol on the
pollutants related to ozone depletion (freons) are reported in the framework of this protocol and therefore
are excluded from this Report.

Greenhouse gas emission sources and sinks are divided into five main sectors: Energy, Industrial
Processes and Product Use, Agriculture, Land Use, -Used Change and Forestry and Waste.
Generally, the methodology for emission calculation could be dedcaibe product of the particular
activity data (e.qg. fuel consumption, cement production, number of animals, increase of wood stock etc.)
with corresponding emission factors. The use of specific national emission factors is recommended
wherever possible dnjustified, whereas, on the contrary, the methodology gives typical values of
emission factors for all relevant activities of the particular sectors.

ES.1.2.1. Institutional and organizational structure of greenhouse gas emissions
inventory preparation

The National system for Croatia fulfils the requirements, as set forth by both UNFCCC decisions
(Decision 24/CP.19 and Decision 19/CMP.1) and by the European Regulati@®18/1999 on the
management of the energy union and action in the field of cliaratémplementing Regulation no.
2020/1208 on the structure, format, submission procedures and revision of information submitted by
member states in accordance with Regulation (EU) no. 2018/1999 of the European

Functioning of Croatian national inventory system is stipulated by Act on Climate Change and Ozone
Layer Protection (O®7/25). Institutional arrangement for inventory preparation in Croatia is regulated

in Chapter Il of the Regulation on the Monitoring of Greenhouse Gas Emissions, Policies and Mitigation
Measures in the Republic of Croatia (OG 5/17) entitled National systeirefestimation and reporting

of anthropogenic greenhouse gas emissions by sources and removals by sinks. Institutional
arrangemeist for inventory management and preparation in Croatia could be characterized as
decentralized and osburced with clear tasks breakdown between participating institutions including
Ministry of environmental protection and green transittMEPGT) and competent governmental
bodies responsible for providing of activity data. The preparation of inventory itself is entrusted to
Authorised Institution, which is elected for thygear period by public tendering. Committee for inter
sectorial coordinabin for natonal system for monitoring of GHG emission (National System
Committee) is included in the approval process; its members provide their opinion on certain parts of
the Inventory within the frame of their speciality. Members of the National System Comanittee
nominated by the authorized Ministries upon the request dfIERGT.

MEPGT is a national focal point for the UNFCCC, with overall responsibility for functioning of the
National system in a sustainable manner, including:

1 mediation and exchange of data on GHG emissions and removals with international
organisations and Parties to the Convention;

1 mediation and exchange of data with competent bodies and organisations of the European Union
in a manner and within the time limits laid down by legal acts of the European Union;

9 control of methodology for emission calculation and GHG removal in line with good practices
and national circumstances;

11
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consideration and approval of the Greenhouse Gas Inventory Report prior to its formal
submission to the Convention Secretariat.

organisation of GHG inventory preparation with the airmeging the deadlines;
collection of activity data;

development of quality assurance and quality control plan (QA/QC plan) related to the GHG
inventory in line with the guidelines on good practices of the Intergovernmental Panel on
Climate Change;

implementation of the quality assurance procedure with regard to the GHG inventory in line
with the quality assurance and quality control plan;

archiving of activity data on calculation of emissions, emission factors, and of documents used
for inventory planning, preparation, quality control and quality assurance;

maintaining of records and reporting on authorised legal persons participating in the Kyoto
Protocol flexible mechanisms;

selection of Aut horised Institution (in Cro

inventory;

provide insight into data and documents for the purpose of technical reviews.

Authorised Institution is responsible for preparation of inventory, which include:

f

emission calculation of all anthropogenic emissions from sources and removals by GHG sinks,
and calculation of indirect GHG emissions, in line with the methodology stipulated by the
effective guidelines of the Convention, guidelines of the Intergovernireateel on Climate
Change, Instructions for reporting on GHG emissions as published on the Ministry's website,
and on the basis of the activities data;

quantitative estimate of the calculation uncertainty for each category of source and removal of
GHG emissions, as well as for the inventory as a whole, in line with the guidelines of the
Intergovernmental Panel on Climate Change;

identification of key categories of GHG emission sources and removals;

recalculation of GHG emissions and removals in cases of improvement of methodology,
emission factors or activity data, inclusion of new categories of sources and sinks, or application
of coordination/adjustment methods;

calculation of GHG emissions or removal from mandatory and selected activities in the sector
of land use, landise change and forestry;

reporting on issuance, holding, transfer, acquisition, cancellation and retirement of emission
reduction units, certified emission reduction units, assigned amount units and removal units,
and carryover, into the next commitment period, of emission radoatnits, certified emission
reduction units and assigned amount units, from the Registry in line with the effective decisions
and guidelines of the Convention and supporting international treaties;

implementation of and reporting on quality control procedures in line with the quality control
and quality assessment plan;

preparation of the GHG inventory report, including also all additional requirements in line with
the Convention and supporting international treaties and decisions;

cooperation wi t h t he Secretariatds ERTs
assessment/evaluation of the inventory submissions.

f
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EKONERGI Energy and Environmental Protection Institute was selected as Authorised Institution for
preparation of 202inventory submissian

ES.1.22. Information on minimization of activities

According to paragraph 24 of the Annex to Decision 15/CMP.1 Parties included in Annex Il, and other
Parties included in Annex | that are in a position to do so, shall incorporate information on how they give
priority, in implementing their commitments bdsen relevant methodologies referred to in paragraph

8 of decision 31/CMP.1. Considerations of possible impact of the implementation of response measures
form part of the fully transparent process of impact assessments or sustainability impact assiessments
EU legislative proposals or trade agreements respectively, such as specific proposals on climate action
or crossborder sectoral measures including energy, transport, industry and agriculture.

According to Article 4, paragraphs 8 and 9 of the Convention Croatia strives to implement Kyoto
commitments in a way which minimize adverse impact on developing countries. In continuation
information on implementation of policies and measures that miniasigerse social, environmental

and economic impacts on némnex | Parties is provided.

a) Market imperfections, fiscal incentives, tax and duty exemptions and subsidies

The ongoing liberalization of the energy market is in line with EU policies and directives. No significant
market distortions have been identified. Consumption taxes for electricity and fossil fuels were
harmonized recently. The main instrument addressitgynalities is the emission trading under the EU
ETS.

b) Removing subsidies associated with the use of environmentally unsound and unsafe
technologies

In Republic of Croatia, no subsidies for environmentally unsound and unsafe technologies have been
identified.

c) Technological development of n@mergy uses of fossil fuels
Republic of Croatia has not participated actively in activities of this nature.

d) Carbon capture and storage technology development
Republic of Croatia does not take part in any such activity.

e) Improvements in fossil fuel efficiencies

In 2025 The IntegratedNational Energy Efficiency Action Plan for ti#921- 2030 period has been
drawn up in accordance with the template laid down by the European Commission, with which all EU
Member States must comply. Measures for the period from 2017 to 2019 regarding energy efficiency
are:

- supporting the use of renewable energy sources and energy efficiency by the
Environmental Protection and Energy Efficiency Fund (the Fund),

13



- encouraging the use of renewable energy and energy efficiency through the Croatian
Bank for Reconstruction and Development (HBOR),

- energy efficiency projects with repayment through savings (ESCOs),
- increasing energy efficiency in buildings
- energy audits in the industry,

- promoting energy efficiency in households and the services sector through project
activities,

- labelling the energy efficiency of household appliances,
- metering and informative billing of energy consumption,
- ecodesign of energysing products.

In 2025Integrated National Energy and Climate Plan for the Republic of Croatia for the period 2021
2030 has been drawn up in accordance with the template laid down by the European Commission.
Measures for the period from 2D& 20 regarding fuel efficiency are:

- Energy efficiency obligation scheme for suppliers
- Promoting nearlzero energy standard in buildings construction and refurbishment

- Energy renovation programme for medgpartment buildingsingle family housegublic sector
buildings heritage buildings

- Energy management system in the public sector

- Energy renovation programme for public lighting

- Green public procurement

- Energy management system in business (service & production) sector
- Informative bills

- Providing information on energy efficiency

- Energy efficiency education

- Integrated information system for monitoring energy efficiency

- Energy efficiency of the electricity transmission system

- Reduction of losses in the distribution network and introduction of smart grids
- Increasing efficiency of district heating system

- Increasing efficiency of the gas transport network

f) Assisting developing country Parties which are highly dependent on the export and consumption
of fossil fuels in diversifying their economies

As regards to the aboweentionedactivity, Republic of Croatia does not take part in any such activity.



ES.2.Summary of national emission and remenadated
trends

In this chapternational emissions and removals for the Republic of Croatia are presented for the period
from 1990 to 2@4. The results are presented as total emissions of all greenhouse gases in CO
equivalents over sectors and then as emissions for the individual greenhouse gas by sectors. Since the
certain greenhouse gases have different irradiation properties and consequently different contribution to
the greenhouse effect, it is necessary toipiylthe emission of every gas with proper Global Warming
Potential (GWP. The Global Warming Potential is a measure of the impatitegreenhouse effect of

the certain gas compared to 8@pact which is accordingly defined as a referent value. In thaf case

the emission of greenhouse gases is presented as the equivalent emission of carbon diggme IfCO

the removal of greenhouse gases occurs (e.g. the absorption af @&ease of wood stock in forests)

than it refers to sinks of greenhouse gases and the amount is presented as a negative value. Global
warming potetials used to calculate G@quivalent emissions are definedIRCC Fifth Assessment

Report, 2014 (AR5)

Gas Global Warming Potential
Carbon dioxide (Cg) 1
Methane (CH) 28
Nitrous oxide (NO) 265
HFC-23 12400
HFC-32 677
HFC-125 3170
HFC-134a 1300
HFC-143a 4800
HFC-227ea 3350
HFC-236fa 8060
HFC-365mfc 804
CF4 6630
C2F6 11100
C3F8 8900
SF6 23500

SourceFifth Assessment Report

The results of the greenhouse gas (GHG) emission calculation are presented for the period from 1990 to
2024. Total emissions/removals of GHG and their trend in sectors are given in Tablek, ES.22

and in Figure ES:2 while the contribution of the individual gases is given in Tables-BES.24 and

Figure ES.22.
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Table ES.21: Emissions/removals of GHG by sectors for therg¥ive years from 1990 to 261kt COx-eq)

Greenhouse gas source and sink categori¢ 1990 1995 2000 2005 2010

1. Energy 21,411.7 | 16,031.9 | 18,254.8 | 21,581.4 | 19,733.6 | 16,621.1 | 17,026.7
2. Industrial processes and product use | 4,419.5 2,328.1 2,953.5 3,396.1 3,396.7 3,191.6 3,013.7
3. Agriculture 4,324.0 3,051.1 3,004.2 3,256.4 3,015.3 2,674.8 2,624.1
4. Land use, landse change and forestry | -6,348.0 | -8,544.8 | -6,599.4 | -7,983.7 | -6,897.7 | -5,691.5 | -5,709.2
5. Waste 1,291.2 1,374.0 1,511.7 1,605.3 2,000.4 2,147.7 2,145.8
6. Other NO NO NO NO NO NO NO
Total ith LULUCF) 25,098.3 | 14,240.3 | 19,124.8 | 21,855.5 | 21,248.2 | 18,943.8 | 19,101.0
Total (withoutLULUCF) 31,446.3 | 22,785.0 | 25,724.3 | 29,839.3 | 28,145.9 | 24,635.2 | 24,810.3

Table ES.22: Emissions/removals of GHG by sectors for ¢évery yeafrom 2017 to 2@4 (kt COz-eq)

Greenhouse gas source and s

categories

1. Energy 17,400.2| 16,460.3| 16,510.6| 15,561.8| 16,282.8| 16,871.9| 17,644.3| 17,601.7
2. Industrial processes and product us 3,395.8 | 3,370.9 | 3,541.7 | 3,630.9 | 3,584.1 | 3,266.8 | 3,517.0 | 3,416.7
3. Agriculture 2,727.9 | 2,624.1 | 2,597.7 | 2,634.9 | 2,599.6 | 2,370.7 | 2,269.4 | 2,356.8
4. Land use, landse change an( -4,822.7 | -5,500.7 | -5,738.4 | -5,629.1 | -5,781.6 | -4,869.4 | -5,568.7 | -4,405.5
5. Waste 2,141.0 | 2,093.1 | 2,052.0 | 1,999.8 | 1,869.7 | 1,933.2 | 1,911.9 | 1,900.2
6. Other NO NO NO NO NO NO NO NO
Total (with LULUCF) 20,842.2| 19,047.7| 18,963.7| 18,198.4| 18,554.7| 19,573.3| 19,773.9| 20,869.9
Total (withoutLULUCF) 25,664.9| 24,548.4| 24,702.1| 23,827.5| 24,336.2| 24,442.7| 25,342.5| 25,275.4

Figure ES21: Trend of GHG emissions, by sectors
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Tables ES.2L, ES.22 and Figure ES:2 represents the contribution of the individual sectors to total
emissions and removals of the GHGs. The largest contribution to the GHGs emissipherc@ading
LULUCF has theEnergy sector with %6 %, followed by Industrial Processes and product use with
13.5 %, Wastewith 7.5 % andAgriculturewith 9.3 %. This structure is with minor changes consistent
through all the observed period from 1990 t@20In the year 224, the total GHG emissions in Croatia
was 25.275.4 kt CO»-eqg excluding LULUCF sector while the total emission v28869.9 kt COx»-eq
including the LULUCF sector which represents removals by sink fras% in that year.

Table ES.23: Emissions/removals of GHG by gases for the every five years from 19906¢K2@O;-eq)

Greenhouse gas emissions

CO; emissions without net GGrom LULUCF 22,885.2 | 16,814.5 | 19,652.7 | 23,295.6 | 20,978.1 | 17,793.9 | 18,079.3
CO, emissions with net Crom LULUCF 16,490.8 | 8,211.6 | 12,790.9 | 15,233.3 | 13,959.9 | 11,926.3 | 12,204.6
CH, emissions without CiHfrom LULUCF 4,914.1 3,920.8 3,817.2 | 4169.9 | 44422 | 4,322.4 | 4,301.6
CH, emissions with Clifrom LULUCF 4,916.0 3,932.2 3,962.3 | 4,173.8 | 44449 | 4,341.9 4,314.1
N,O emissions without Y0 from LULUCF 2,518.7 2,015.9 2,192.3 2,172.6 2,151.5 1,568.9 1,342.8
N,O emissions with pD from LULUCF 2,563.2 | 2,062.6 | 2,309.5 | 2,247.2 | 2,269.3 | 1,7255 | 1,495.7
HFCs NO 21.4 49.4 186.5 563.9 944.3 1,079.8
PFCs 1,117.3 NO NO NO NO NO NO
Unspecified mix of HFCs and PFCs NO NO NO NO NO NO NO

Sk 11.1 12.4 12.7 14.7 10.1 5.7 6.8

NF; NO NO NO NO NO NO NO
Total (without LULUCF) 31,446.3 | 22,785.0 | 25,724.3 | 29,839.3 | 28,145.9 | 24,635.2 | 24,810.3
Total (with LULUCF) 25,098.3 | 14,240.3 | 19,124.8 | 21,855.5 | 21,248.2 | 18,943.8 | 19,101.0
Total (without LULUCF, with indirect) 31,446.3 | 22,785.0 | 25,724.3 | 29,839.3 | 28,145.9 | 24,635.2 | 24,810.3
Total (with LULUCF, with indirect) 25,098.3 | 14,240.3 | 19,124.8 | 21,855.5 | 21,248.2 | 18,943.8 | 19,101.0

Table ES.24: Emissions/removals of GHG by sectors for the every year 2@into 2@4 (kt COz-eq)

Greenhouse gas emissions 2017 2018 2019 2020 2021 2022 ‘

CO, emissions without net GOfrom | 18,713.1| 17,694.5| 17,820.4| 16,870.1| 17,403.0| 17,585.2| 18,467.5| 18,253.2
CO, emissions with net CO from | 13,585.7| 12,043.8| 11,929.0| 11,018.7| 11,468.5| 12,508.8| 12,770.0| 13,697.4
CH, emissions without CH from | 4,270.3 | 4,086.3 | 3,995.2 | 3,929.0 | 3,787.3 | 3,720.6 | 3,611.6 | 3,596.6
CH, emissions with Ckifrom LULUCF | 4,371.9 | 4,088.0 | 3,998.9 | 3,977.4 | 3,795.3 | 3,768.2 | 3,613.4 | 3,616.8
N,O emissions without D from | 1,4489 | 1,408.7 | 1,411.6 | 1,446.8 | 1,439.3 | 1,314.8 | 1,324.1 | 1,367.1
N,O emissions with pO from LULUCF | 1,652.0 | 1,557.1 | 1,561.0 | 1,620.7 | 1,584.2 | 1,474.3 | 1,451.0 | 1,497.2

HFCs 1,225.3 | 1,352.4 | 1,466.8 | 1,572.2 | 1,697.0 | 1,812.1 | 1,929.0 | 2,047.7
PFCs NO NO NO NO NO NO NO NO
Unspecified mix of HFCs and PFCs NO NO NO NO NO NO NO NO

Sk 7.2 6.5 8.1 9.4 9.6 10.0 10.5 10.8

NF; NO NO NO NO NO NO NO NO
Total (without LULUCF) 25,664.9| 24,548.4| 24,702.1| 23,827.5| 24,336.2| 24,442.7| 25,342.5| 25,275.4
Total (with LULUCF) 20,842.2| 19,047.7| 18,963.7| 18,198.4| 18,554.7| 19,573.3| 19,773.9| 20,869.9
Total (without LULUCF, with indirect) | 25,664.9| 24,548.4| 24,702.1| 23,827.5| 24,336.2| 24,442.7| 25,342.5| 25,275.4
Total (with LULUCF, with indirect) 20,842.2| 19,047.7| 18,963.7| 18,198.4| 18,554.7| 19,573.3| 19,773.9| 20,869.9
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Figure ES22: Trend of GHG emissions, lgases
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Tables ES.2B, ES.24 and Figure ES:2 represents the contribution of the individual gasses to total
emissions and removals of the GHGs. The largest contribution to the GHGs emissipher@0ding
LULUCF has CQ emission with72.2 %, followed by CH with 14.2 %, N,O with 5.4 % and HFCs,
PFCs and Sfwith 8.2 %.
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ES.3. Overview of source and sink category emission
estimates anttends

ES.3.1. Greenhouse gas emissions by sectors

ENERGY SECTOR

The Energy sector is the largest contributor to GHG emissions. In the ydatt#0&HG emission from

the Energy sector wads2% lower in relation to 2@3 and17.8 % lower in relation to 1990. The Energy
sector covers all activities that involve fuel combustion from stationary and mobile sources, and fugitive
emission from fuels. The Energy sector is the main cause for anthropogenic emission of greenhouse
gases. ltaccounts for approximately0 % of the total emission of all greenhouse gases presented as
equivalent emission of COLooking at its contribution to the total emission of carbon dioxide;YCO

the energy sector accounts for ab8&i7 % (in 2021). The contribution of energy in methane (Lhh

total CQ-eg emission is substantially small2iq(% in 2021) while the contribution of energy in nitrous
oxide (NO) in total CQ-eq emission is quite smalD.p % in 2021). Emissions from fossil fuel
combustion comprise the majority (more than 95 %) of enexlgted emissions. Emission of individual
sulsectors is presented in the Table ES.3

Table ES.31-1: Energy subsectors total emissions for the period-2828 (kt COz-eq)

GHG  source and sin} ,qgq, 2000 2005 2010 2015 2020 2021 2022 2023 2024

categories

1. Energy 21,411.7 | 18,254.8| 21,581.4| 19,733.6 | 16,621.1 | 15,561.8 | 16,282.8 | 16,871.9| 17,644.3| 17,601.7

:bpf(f:c'h)wmbusm" (sectory 543592 | 17,285.2| 20,545.8 | 18,903.4 | 16,154.3 | 15,101.1 | 15,833.5| 16,360.4 | 17,1916 | 17,218.2

1. Energy industries 7,087.3 | 5831.8 | 6,8355 | 59015 | 4,740.9 | 3,696.1 | 3,769.4 | 4,106.2 | 4,097.4 | 3,180.5

2. Manufacturing industries 51279 | 3,065.0 | 3,695.8 | 2,997.6 | 2,210.8 | 2,4045 | 2,430.4 | 2,324.6 | 2,450.7 | 2,540.4
and construction

3. Transport 3,898.6 | 45014 | 5563.1 | 5948.9 | 59524 | 5792.0 | 6,259.3 | 6,731.2 | 7,581.9 | 8,385.7
4. Other sectors 4,245.2 | 3,887.0 | 4,451.4 | 4,055.4 | 3,250.3 | 3,208.4 | 3,374.4 | 3,198.4 | 3,061.7 | 3,111.7
5. Other IE,NO IE,NO IE,NO IE,NO IE,NO IE,NO IE,NO IE,NO IE,NO IE,NO

ﬁl-els':ug““’e emissions from ; 5555 | 9e9.6 | 1,035.6 | 830.2 | 4668 | 460.8 | 449.4 | 5115 | 4527 | 3835

1. Solid fuels 66.8 NO NO NO NO NO NO NO NO NO

2. Oil and natural gaand other | ggs5 7 969.6 1,035.6 | 830.2 466.8 460.8 449.4 511.5 452.7 3835
emissions from energ

C. CQ:transport and storage | NO NO NO NO NO NO NO NO NO NO

The largest part4{/.6 % in 202) of the emissionsfrom Energy sectoare a consequence of fuel
combustion in Transport, next is the combustion in Energy indusfré&s % in 2021) and third is
combustion in small stationary energy sources, such as Commercial/ Institutional, Residential and
Agriculture/ Forestry/ Fishingl{.7 % in 2021). Manufacturing Industries and Construction contribute

to total emission from the Energy sector with41%, while Fugitive Emissions from Fuels contribute

with about2.2 %.

INDUSTRIAL PROCESSES AND PRODUCT USE

In Industrial Processes sector, the key emission sources are part of Mineral industry, Chemical industry
and Product uses as ODS substitutes, which all together contribut@A4tlin total sectoral emission

in 2024. The iron production in blast furnaces and aluminium production ended in 1992, and ferroalloys
production ended in 2003. Generally, GHG emissions from industrial processes declined from 1990 to
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1995, due to the decline in industrial activities caused by the war in Croatia, while in the peried 1996
2008 emissions slightly increased due to revitalization of the economy. The effects of the economic crisis
influenced the emissions trend from 2008vards, followed by a moderate recovery since 2013. The
decrease in emissions from the chemical industry in 2013 and onwards is due to a strong reduction of
N2O emissions from the nitric acid production after applying abatement technologp4erdissios

from industrial processes wedecreasedy 2.9% regarding 202 and decreased 82.7 % regarding

199Q Industrial processes and product use contributed to total GHG emissiork3\With in 2024.
Emission of individual subsectors is presented in the TableZS.3

Table ES.31-2: Industrial processes subsectors total emissions for the perio2@®29kt COz-eq)

GHG source and sin| ,qq 2000 2005 2010 2015 2020 2021 2022 2023 2024

categories

2. Industrial processes an

product use 4,4195 | 2,953.5 | 3,396.1 | 3,396.7 | 3,191.6 | 3,630.9 | 3,584.1 | 3,266.8 | 3,517.0 | 3,416.7

A. Mineral industry 1,297.6 | 1,426.4 | 1,809.9 | 1,403.7 | 1,306.4 | 1,359.3 | 1,372.3 | 1,255.5 | 1,259.3 | 1,125.6
B. Chemical industry 14279 | 1,3248 | 1,2341 | 1,29087 | 849.1 | 5932 | 4018 | 96.1 2194 | 1416
C. Metal industry 1,458.1 | 30.2 127 147 9.3 4.9 143 13.4 17.9 117
fdem fuﬁ?sn::;rsgo{ve?lrtogsgts 192.2 77.3 110.0 81.6 58.8 74.1 72.3 62.9 63.5 61.9
E. Electronic Industry NO NO NO NO NO NO NO NO NO NO
S'Ebsti';:fei““ uses as OD| No 49.4 1865 | 563.9 | 9443 | 1,572.2 | 1,697.0 | 1,812.1 | 1,929.0 | 2,047.7
G. Other prod. manubind | 43.7 45.4 43.0 34.0 236 27.1 26.5 26.9 27.9 283
H. Other NANO | NANO | NANO | NANO | NANO | NANO | NANO | NANO | NANO | NANO

AGRICULTURE

Emission of CH and NO in the Agricultural sector is conditioned by different agricultural activities.

For the emission of CKHthe most important source is livestock farming (Enteric Fermentation) which
makes41.5 % of sectoral C@eq emissionThe number of cattle showed a continuous decrease in the
period from 1990 to 2@) As a consequence, this led to £Hhission reduction. In the year 2000, the
number of cattle has started increasing and this trend was mostly retained until 2006. From 2007 to 2010,
cattle number decreased and remained at approximately the same level in 2013 and 2014. Compared to
2023, in 2@4 CO,-eq emission from Enteric fermentationcreasedby 1.1 %. As for Manure
management emissions, &€ emissiofncreasedby 3.0 % in 2024 compared to 22B. Emissions from
Agricultural soils decreased after 1990 and during the war due to specific national circumstances and
limited agricultural practice at that time. Afterwards, the emission trend is mostly influenced by the
changes in the direct soil emiss#) thus, emission increase can be noticed in 1997, 2001 and 2002 due
to increase in mineral fertilizer consumption and crop production, later on also due to the increase of
livestock population. C&eq emission from Agriculturalods increased in 224 compared to 228 by

4.1 %. Overall, in the year 24, the GHG emission from the Agriculture sedtmreased by.9 % in
comparison with 223. Emission of individual subsectors is presented in the TableES.3

Table ES.31-3: Agriculture subsectors total emissions for the period (kt COz-eq)

3. Agriculture 4,324.0 | 3,004.2 | 3,256.4 | 3,0153 | 2,674.8 | 2,634.9 | 2,599.6 | 2,370.7 | 2,269.4 | 2,356.8

A. Enteric fermentation 2,336.0 | 1,349.7 | 1,458.8 | 1,303.8 | 1,193.8 | 1,091.1 | 1,079.3 | 1,020.9 | 968.7 979.0

B. Manure management 675.9 529.0 576.2 601.5 528.5 468.2 439.4 412.8 392.2 403.9




GHG source and sin

categories

C. Rice cultivation NO NO NO NO NO NO NO NO NO NO

D. Agricultural soils 1,262.0 1,064.7 1,136.0 1,022.0 883.2 980.4 988.7 889.2 880.3 916.5

E. Presc. burning of sav. NA NA NA NA NA NA NA NA NA NA

F. Field burning NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO

G. Liming NO NO 14.5 21.5 12.1 6.9 18.7 59 6.4 14.4

H. Urea application 50.0 60.9 71.0 66.6 57.2 88.3 73.6 42.0 21.7 42.9

f'e-rmizergther carborcont. | \ 5 NA NA NA NA NA NA NA NA NA

J. Other NA NA NA NA NA NA NA NA NA NA
LULUCF

The Act on Forest (Official Gazette No. N®8/18, 115/18, 98/19, 32/20, 145/20, 101/23, 36/24
regulates the growing, protection, usage and management of forests and forest land as a natural resource
aimed to maintain biodiversity and ensure management based on principles of economic sustainability,
social responsibility and ecological acceptapilMoreover, one of its the most important provisions,

in the context of climate protection, is that forests should be managed in conformity with the sustainable
management criteria, implying the maintenance and enhancement of forest ecosystems and their
contribution to the global carbon cycle. Planning activities in the forestry sector in Croatia are also
regulated by the Low on Forest. Forest management plagsriiee conditions for harmonious usage

of forest and forest land and procedures in that area, necessary scope regarding cultivation and forest
protection, possible utilization degree and conditions for wildlife management. The Forest Management
Area Plan EMAP) for the Republic of Croatia determines the ecological, economic and social
background for forest improvement in terms of biology and for the increase of forest productivity.

According toNational forestry accounting plan for the Republic of CrogageembeR019), the forests

and the forest land cover 47.5 % of the total surface area. By its origin, approximately 95 % of the forests
in Croatia were formed by natural regeneration (according to the national definitions applied in the
sector) and the 5 % of the fats are grown artificially. The Plan determines, the growing stock of about

398 millions of ni while its yearly increment amounts around 10.5 million m3. The mostidreq

species are Common Beech (Fagus sylvatica), Pedunculate Oak (Quercus robur), Sessile Oak (Quercus
petrea), Common Hornbeam (Carpinus betulus), Silver Fir (Abies alba), Neafed Ash (Fraxinus
angustifolia), Spruce (Picea abies), Black Alder (Alngkitinosa), Black Locust (Robinia
pseudoacacia), Turkey Oak (Quercus cerris) and other.

The methodology used for G@emoval calculation is taken from the IPCC and it is based on data on
increment and fellings. The problem of deforestation in Croatia does no#edstding to present data,
the total forest area has not been reduced in the last 100 years

Table ES.24 shows the C&xemoval trend in the forestry sector. Removals arisen in the LULUCF sector
contribute with17.4 % to the total emissions of G@q in Croatia including LULUCF in the year20

Table ES.31-4: Removal trends LULUCF sector from 1992024 (kt COz-eq)

Y colien Eel S jeen 2000 2005 2010 2015 2020 2021 2022 2023 2024

categories

LULUCF removals -6,348.0 | -6,599.4 | -7,983.7 | -6,897.7 | -5,691.5 | -5,629.1 | -5,781.6 | -4,869.4 | -5,568.7 | -4,405.5

WASTE

Waste sector includes the following categories: solid waste disposal, biological treatment of solid waste,
incineration and open burning of waste and wastewater treatment and discharge. Solid waste disposal
represents dominant Gldmission source from sector Waste.
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Emissions from solid waste disposal accolh® % of sectoral emissions in 22Zompared t@d2.8 %

in 1990. An increase in generated and deposited of solid waste exists during the reporting period. In
recent years, the increasing trend is slower in waste generation, while decreasing trend occurs in waste
disposal, compared to the previous perioduariced by the implementation of the measures undertaken

to avoid/reduce and recycle waste, which are still not sufficiently applied.

Emissions from wastewater treatment and discharge ac@@®o of sectoral emissions in 2402
compared td5.3 % in 1990. Decrease in emissions during the reporting period mainly is a result of
population decrease as well reduction of economic activity after 2008 and a declining fluctuating trend
in the industrial production.

Biological treatment of solid waste and incineration and open burning of waste have considerably lower
contribution to the sectoral emissions during the reporting period.

Waste sector contributes to total GHG emissions Wil#6 in 2024. Emission of individual subsectors
is presented in the Table ES3

Table ES.31-5: Waste subsectors total emissions for the period-2020 (kt COx-eq)

5. Waste 12012 | 1,511.7 | 1,605.3 | 2,000.4 | 2,147.7 | 1,999.8 | 1,869.7 | 1,933.2 | 1,911.9 | 1,900.2
A. Solid waste disposal 5526 | 7975 | 919.1 | 1,311.0 | 1,493.3 | 1,428.6 | 1,301.5 | 1,378.4 | 1,359.9 | 1,352.1
B. Biologicaltreatment of solid| g 1.4 2.3 3.7 19.4 23.2 29.1 39.0 445 42.0
waste

C. Incineratiorand open burningl 53 g 17.8 108 118 101 8.0 7.4 72 7.2 7.2

of waste

d'?s-ch‘ggsete water treatmemind | 7146 | 951 | 673.0 | 673.9 | 6250 | 540.0 | 5317 | 5085 | 500.2 | 499.0

E. Other NO NO NO NO NO NO NO NO NO NO

ES.3.2. Greenhouse gas emissions by gases
ES.3.2.1. Carbon dioxide emission (§0O

Carbon dioxide is the most significant anthropogenic GHG. The most significant anthropogenic sources
of CO, emissions in Croatia are the processes of fossil fuel combustion for electricity or/and heat
production, transport and industrial processes (cement and ammonia production). The resultsof the CO
emission calculation in Croatia are presented in Table E$.3.2

Table ES.3.2L: CQ: emission/emoval by sectors from 199024 (kt COy)

GHG source
ELQ sink| 1990 2000 2005 2010 2015 2020 2021 2022 2023 2024
categories
Energy 20,257.4 | 17,347.9 | 20,613.7 | 18,774.7 | 15,777.7 | 14,801.2 | 15,486.4 | 16,121.6 | 16,896.8 | 16,868.4
Industrial

2,577.3 2,237.8 2,596.2 2,115.4 1,946.8 1,973.7 1,824.3 1,415.6 1,542.6 1,327.4
processes
Agriculture 50.0 60.9 85.5 88.0 69.3 95.2 92.3 47.9 28.0 57.4
LULUCF -6,3945 | -6,861.8 | -8,062.3 | -7,018.2 | -5,867.6 | -5,851.4 | -59345 | -5,076.4 | -5,697.5 | -4,555.8
Waste 0.5 6.2 0.2 0.0 0.0 NO NO NO NO NO
Other NO NO NO NO NO NO NO NO NO NO




GHG source

and sink

categories

Total CG

emission without| 22,885.2 | 19,652.7 | 23,295.6 | 20,978.1 | 17,793.9 | 16,870.1 | 17,403.0 | 17,585.2 | 18,467.5 | 18,253.2
LULUCF

Total CG

emission  with| 16,490.8 | 12,790.9 | 15,233.3 | 13,959.9 | 11,926.3 | 11,018.7 | 11,468.5 | 12,508.8 | 12,770.0 | 13,697.4
LULUCF

ENERGY SECTOR

This sector covers all activities that involve fuel consumption from stationary and mobile sources, and
fugitive emission from fuels. Fugitive emission arises from production, transport, processing, storage
and distribution of fossil fuels. The Energy s#¢s the main source of the anthropogenic GHG emission
with a share 0B2.4 % in total CQ emission (presented as €@mission without LULUCF). C®
emission from fuel combustion and fugitive emissions makes the largest par emniXSion. Emission

by swb-sectors is presented in Table ES:3.2

Table ES.3.2: CQ: emission by susectors from 1992024 (kt COy)

GHG source categorieg{ 1990 ‘ 2000 | 2005 | 2010 ’ 2015 ’ 2020 ‘ 2021 | 2022 ’ 2023 ‘ 2024
Energy industries 7,0658 | 58109 | 68100 | 5877.3 | 47188 | 3,661.1 | 3,731.0 | 4,062.7 | 4,054.4 | 3,138.0
Manufacturing

industries and| 51030 | 30528 | 36811 | 2,983.8 | 2,201.8 | 2,392.6 | 2,418.1 | 2,313.1 | 2,435.0 | 2,519.3
construction

Transport 3,787.1 | 43544 | 54677 | 58658 | 5887.8 | 57321 | 61949 | 6,667.3 | 7,5045 | 8,299.1
Other sectors 37190 | 34184 | 38982 | 35062 | 2,719.8 | 27272 | 2,8586 | 2,722.5 | 2,598.8 | 2,669.2
Fugiive — emissions| gg5 5 711.4 756.7 5415 249.5 288.2 283.9 356.1 304.1 242.8
from fuels

Total CQ enission 20,257.4 | 17,347.9 | 20,613.7 | 18,774.7 | 15777.7 | 14,801.2 | 15.486.4 | 16,121.6 | 16,896.8 | 16,868.4

Emission calculation is based on fuel consumption data recorded in annual national energy balance,
where the fuel consumption and supply is presented at the sufficient level of detail which enables more
detailed calculation by sedectors in the frameworéf the formal IPCC methodology (i.e. Sectoral
approach).

The energy most intensive stationary sgctor is Energy Industries (electricity and heat production,
refineries and oil and gas field combustion). In the framework of theesttbr Manufacturing Industries

and Construction, the largest €€missions are the result of fuel combustion in industry of construction
material and petrochemical production, followed by food processing industry, chemical industry,
industry of pulp, paper and print, iron and steel industry aneferoous metal indusg. Furthermoe,

this subsector includes electricity and heat production in the manufacturing industry for manufacturing
processes.

Transport sector is also one of the more important &fssion sources. This sector includes emission
from road transport, civil aviation, railways and navigation. In the yez4,20e CQ emission from the
Transport sector contributed wids.5 % to the national total C{&mission The largest part of the GO
emission from the Transport sector arises from road tranépltotved by national navigation, domestic
civil aviation and railways.

Biomass combustion (fuelwood and waste wood, biodiesel, biogas) also results in greenhouse gas
emissionsCQO, emission from biomass is not included in balance according to the Guidelines, due to

23



24

assumption that lifeycle CQ emitted is formerly absorbed for the growth of biomass. Sinks er CO
emissions resulted in change of forest biomass is calculated in the LULUCF sector.

Fugitive GHG emission from coal, liquid fuels and natural gas, resulted from exploration of minerals,
production, processing, transport, distribution and activities during mineral use is also included in this
sector.

INDUSTRIAL PROCESSES AND PRODUCT USE

The GHG emission is a kyroduct in various industrial processes, where the raw material is chemically
transformed into final product. Industrial processes where the contribution;ten@€sion is identified

as relevant are the production of cement, lime, ammonia, as well as the use of limestone and soda ash in
various industrial activities.

General methodology used for emission calculation from industrial processes, recommended by the
IPCC, includes multiplying the annual produced or consumed amount of a product or material with the
appropriate emission factor per unit of this production onsomption. Annual production or
consumption data for particular industrial processes are in most cases collected by a direct survey of
manufacturers. The results of the £Gnission calculation for industrial processes are shown in Table
ES.3.23.

Table ES.3.2: CQO: emission from Industrial Processes and product use for the period fror2a88(kt COy)

GHG source categories

Mineral industry 1,297.6 | 1,426.4 | 1,809.9 | 1,403.7 | 1,306.4 | 1,359.3 | 1,372.3 | 1,255.5 | 1,259.3 | 1,125.6
Chemical industry 751.1 704.4 663.6 615.4 572.3 535.3 365.5 83.9 201.9 128.3
Metal industry 336.4 29.7 12.7 14.7 9.3 4.9 14.3 13.4 17.9 11.7

Non-energy productsom
fuels and solvent use 192.2 77.3 110.0 81.6 58.8 74.1 72.3 62.9 63.5 61.9

Total CQG emission 25773 | 2,237.8 | 2,596.2 | 2,115.4 | 1,946.8 | 1,973.7 | 1,824.3 | 1,415.6 | 1,542.6 | 1,327.4

The most significant C&ndustrial processes emission sources are the production of cement, ammonia
and lime. In 202, the mineral industry contributes to total sectoral, @@issionwith 84.8 % and
chemical industryith 9.7 %. Generally, CQemissions from industrial processes declined from 1990

to 1995, due to the decline in industrial activities caused by the war in Croatia, while in the period 1996
2008 emissions slightly increased. Production of iron and aluminium was stopped in 1992. A decrease
of economic activities aft&008 influenced a reduction in cement, lime, ammonia and steel productions.

In 2024, CO; emissions from industrial processksreased by 4.0 %, regarding the year 28.

ES.3.2.2Methane emission (CHi

The major sources of methane (gHemission are fugitive emission from production, processing,
transportation and activities related to fuel use in Energy sector, Agriculture and Waste Disposal on
Land. In Table ES.3:2, sectoral and total GHmissions are reported.

Table ES.3.24: CH: emission in Croatia in the period from 192024 (kt CHa)

GHG source and sinl

1990 2000 2005 2010 2015 ‘ 2020 2021 ‘ 2023 2024

categories

Energy 3332 | 2335 | 2680 | 2673 | 2348 |2036 |21.30 |1959 | 19.02 | 18.19

Industrial processes IE,NA, | IENA, | IENA, | IENA, | IENA, | IENA,
P 0.37 0.14 0.15 011 NE,NO | NE,NO | NE,NO | NE,NO | NE,NO | NE,NO




GHG source and sinl

categories 1990 2000 2005 2010 2015 2020 2022 2023

Agriculture 97.99 61.41 67.31 63.32 57.50 52.08 50.79 47.91 45.47 46.20
LULUCF 0.07 5.18 0.14 0.09 0.70 1.73 0.29 1.70 0.07 0.72
Waste 43.82 51.43 54.67 68.49 73.40 67.88 63.17 65.38 64.49 64.06
Other NO NO NO NO NO NO NO NO NO NO
Total CH, emission 17557 | 14151 | 149.07 | 158.75 | 155.07 | 142.05 | 135.55 | 134.58 | 129.05 | 129.17

In the Agricultural sector, there are two significant methane emission sources present:. enteric
fermentation in the process of digestion of ruminants (dairy cows represent the major source) and
different activities related with storage and use of orgastidlifzers (manure management). The total
methane emission for domestic animals is being calculated as a sum of emission from enteric
fermentation and emissienelated to manure management. The emission trend depends on the livestock
population trend.

Methane emission from solid waste disposal sites (SWDSSs) is a result of anaerobic decomposition of
organic waste by methanogenic bacteria. The amount of methane emitted during the process of
decomposition is directly proportional to the fraction of dedodl@rganic carbon (DOC) which is
defined as carbon content in different types of organic biodegradable wastes. As for the Wastewater
treatment and discharge in Croatia, aerobic biological process is used mostly in wastewater treatment.
Anaerobic processiapplied in some industrial wastewater treatment, which results jei@idsions.
Disposal of domestic and commercial wastewater, particularly in rural areas where systems such as septic
tanks are used, are partly anaerobic without flaring, which results witlei@idsions. In addition, direct
discharge of untreated wastewater results in indiregtédiissions. Low methane emissions originate

from the categories Biological treatment of solid wastemposting and anaerobic digestion at biogas
facilities,and Open burning of waste.

ES.3.2.3. Nitrous oxide emissionAD)

The most important sourceN-O emissions in Croatia are agricultural activities, nitric acid production,
but as well, the BbD emissions occur in the energy sector and waste management. In TablesERSe3.2
N2O emission is reported according to sectors.

Table ES.3.%5: N20 emission in Croatia for the period from 198@4 (kt N2O)

Energy 0.84 0.96 0.82 0.79 0.70 0.72 0.76 0.76 0.81 0.84
Industrial processes 2.65 2.45 2.24 2.66 111 0.29 0.20 0.11 0.13 0.12
Agriculture 5.77 4.62 4.85 4.36 3.76 4.08 4.10 3.70 3.65 3.80
LULUCF 0.17 0.44 0.28 0.44 0.59 0.66 0.55 0.60 0.48 0.49
Waste 0.24 0.25 0.28 0.31 0.35 0.37 0.38 0.39 0.40 0.40
Other NO NO NO NO NO NO NO NO NO NO

Total NeO emission 9.67 8.72 8.48 8.56 6.51 6.12 5.98 5.56 5.48 5.65

In the Agricultural sector, three N emission sources are determinddect NNO emission from
agricultural soils, direct PO emission from livestock farming and indireciONemission induced by
agricultural activitiesAccording to IPCC methodology, the mineral nitrogen, nitrogen from organic
fertilizers, amount of nitrogen in fixing crops, amount of nitrogen which is released from crop residue
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mineralization, soil nitrogen mineralization due to cultivation of histosols and amount of nitrogen from
the application of sewage sludge is separately analyzed.

In Industrial Processes sector, th€Nemission occurs in nitric acid production, which is used as a raw
material in nitrogen mineral fertilizerén the framework of the dD reduction measure analysis, the
possibility for application of noselective catalytic reduction device was considered, whereby the nitric
acid production influence on,® emissions would be practically eliminated.

In the Energy sector, the emission was calculated on the basis of fuel consumption and adequate emission
factors (IPCC). The major sources afNemission in the Energy sector is the use of tivag catalytic
converters in road transport motor vehicles.

N2O emission from the Waste sector indirectly occurs from human sewage. It is calculated based on the
total number of inhabitants and annual protein consumption per inhabitant. Data on the annual per capita
Protein Intake Value were obtained by the FAOSTAAtiStical Database. Extrapolation method has
been used for calculation of insufficient data. LowONemissions originate from the categories
Biological treatment of solid wasteeomposting and Open burning of waste.

ES.3.2.4Halogenated carbons (HFC, PFSks and Nk emissions

Synthetic GHGs include halogenated carbons (HFCs and PFCs) and sulphur hexafluajide (SF
Although on an absolute scale their emissions are not great, due to their high global warming potential
(GWP) their contribution to global warming is consideraM&PGT is responsible for the monitoring

of consumption of substitutes and a mixture of substitutes for gases that deplete the ozone layer. There
is no production of HFCs PFCs, Sénd NFE in Croatia; therefore, all quantities of these gases are
imported. Mhor quantities of some substances are exported.

Croatia is an Article 5 country, according to the Montreal protocol, and has a longer period for using
CFC, HCFC and halons. Because of that, Croatia started using HFCs 10 years later than other Annex |
countries. According to survey carried out among magents, users and consumers of these gases,
information related to consumption of HFCs, PFCs; &t NF (provided by theMIEPGT) was used

for emission calculation which is presented in kt of@@ and showed in Table ES.&2

Table ES.3.26: HFCs, PFCs and SEmission in the period from 19924 (kt COz-eq)

GHG source and sinl
categories

1990 2000 2005 2010 2015 ‘

Emissions of HFC, PFC | 1,117.28| 49.40 | 186.49 | 563.88 | 944.27| 1,572.23| 1,697.01| 1,812.05| 1,928.97 | 2,047.66

Emissions of S& 11.06 12.72| 14.70 | 10.13 | 5.75 9.35 9.63 10.00 10.47 10.77
NF3z emission NO NO NO NO NO NO NO NO NO NO
Total 1,128.3 | 62.1 | 201.2 | 574.0 | 950.0 | 1,581.6 | 1,706.6 | 1,822.1 | 1,939.4 | 2,058.4




ES.4. Other information (e.g. indirect GHGS)

The photochemically active gases, carbon monoxide (CO), oxides of nitrogehdh@dnormethane

volatile organic compounds (NMVOCSs) indirectly contribute to the greenhouse gas effect. These are
generally called indirect greenhouse gases or ozone precursors because they are involved in the creation
and degradation of ozone which ils@one of the greenhouse gases. Sulphur dioxide),(8© a

precursor of sulphate and aerosols, is believed to contribute negatively to the greenhouse effect.
Emissionsofindi ect GHGs have been taken from the draft
Croatia Informative Inventory Report for LRTAP Convention for the Yead2B2bmission to the
ConventiononLong ange Transboundary Air Pollutioné. The
emissions of indirect gases in the period 1204 are given in table ES.41

Table ES.4.11: Emissions of ozone precursors anc 8Psectors (kt)

Pollutants

NOx Emission 100.88 | 85.98 80.81 65.12 53.32 43.59 44.35 44.31 44.57 46.87
Energy 94.23 78.15 75.86 61.22 49.79 39.67 41.53 41.27 42.55 44.46
Industrial Processes 2.66 2.53 2.29 1.52 1.03 0.94 0.66 0.14 0.21 0.19
Agriculture 3.60 2.19 2.36 2.09 1.94 1.84 1.79 1.71 1.60 1.62
LULUCF 0.04 2.89 0.09 0.05 0.36 0.98 0.22 1.04 0.06 0.45
Waste 0.35 0.22 0.21 0.23 0.20 0.16 0.15 0.15 0.15 0.15
CO Emission 558.73 | 550.36 | 415.19 | 328.90 | 279.92 | 244.22 | 232.90 | 231.51 | 203.48 | 213.15
Energy 512.15 | 426.74 | 392.32 | 323.89 | 266.24 | 21155 | 22490 | 198.23 | 199.72 | 197.69
Industrial Processes 39.91 30.12 17.37 0.18 0.21 0.08 0.32 0.29 0.36 0.26
Agriculture NA,NO | NAJNO | NAJNO | NAINO | NAJNO | NAINO | NANNO | NANO | NANO | NANO
LULUCF 0.74 90.40 2.62 1.63 10.71 30.38 5.65 31.00 1.41 13.20
Waste 5.93 3.09 2.89 3.20 2.76 2.21 2.04 2.00 2.00 2.00
NMVOC Emission 167.42 | 104.49 | 106.31 | 82.01 62.73 62.53 60.33 75.81 50.65 50.14
Energy 66.70 57.73 52.48 42.97 33.77 26.42 27.88 25.01 25.38 24.82
Industrial Processes 90.98 31.30 45.18 30.17 19.41 25.13 23.92 18.80 17.75 16.70
Agriculture 9.20 7.01 7.86 7.91 7.73 7.47 7.30 6.84 6.60 6.69
LULUCF 0.10 7.94 0.21 0.15 0.92 2.66 0.45 24.34 0.10 1.11
Waste 0.45 0.51 0.58 0.81 0.90 0.85 0.78 0.82 0.82 0.82
SO2 Emission 168.91 | 59.05 57.29 34.14 15.05 5.56 4.78 5.18 5.15 4.59
Energy 168.18 | 58.60 56.87 34.13 15.03 5.56 4.77 5.16 5.13 457
Industrial Processes 0.72 0.44 0.41 0.01 0.01 0.00 0.01 0.01 0.01 0.01
Agriculture NA,NO | NA,NO | NALNO | NAINO | NAINO | NAINO | NANO | NAINO | NANNO | NANO
LULUCF NA NA NA NA NA NA NA NA NA NA
Waste 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Although Parties may now choose to report indirect,d® accordance with paragraph 29 of the
UNFCCC Inventory Reporting Guidelines, Croatia does not choose to report indireen@€3ions
from the atmospheric oxidation of GHCO and NMVOCs, or indirect J0 emissions arising from
sources other than those in the agriculture and LULUCF sectors.
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ES.5. Key category analysis

According to the Good Practice Guidance and Uncertainty Management in National Greenhouse Gas
Inventories, key categories are those which represent 95% (Tier 1) or 90% (Tier 2) of the total annual
emissions in the last reported year or belonging to tla t@nd, when ranked from contributing the
largest to smallest share in annual total and in the trend.

Summary table with the key categories identified for the latest reporting year (by level and trend) on the
basis of table 4.4 of volume 1 of the 2006 IPCC Guidelines is provided in Tadde 1.5

TableES.5.11: Key categories summary table for220

Tier 1 and Tier 2 Analysis- Source Analysis Summary (Croatian Inventory, year = 2024)

le Jc¢ o @ ]
1. Energy
1.A.1 Fuel combustionEnergy Industries Biomass N O Yes T2e
1.A.1 Fuel combustionEnergy Industries Gaseous Fuels co Yes Lle L2e T1i L1i Tle T2e
1.A.1 Fuel combustionEnergy Industries Liquid Fuels co Yes Lle Tii T2i L1i Tle T2e
1.A.1 Fuel combustionEnergy Industries Solid Fuels co Yes Lle T1i L1i Tle
1.A.2 Fuel combustion Manufacturing Industries and Constructien| C O Yes Lle L2e T1i L1i Tle T2e
1.A.2 Fuel combustionManufacturing Industries and Constructidriquid | Cc O Yes Lle L2e T1i L1i Tle T2e
1.A.2 Fuel combustion Manufacturing Industries and ConstructioBther | c O Yes Lle T1i L1i Tle T2e
1.A.2 Fuel combustion Manufacturing Industries and ConstructioSolid | c O Yes Lle Tii T2i L1i Tle T2e
1.A.3.b Road Transportation co Yes Lle L2e T1i T2i L1i L2i Tle T2e
1.A.3.b Road Transportation N O Yes L2e L2i T2e
1.A.3.d Domestic NavigationLiquid Fuels co Yes Lle L1i
1.A.4 Other SectorsBiomass CH Yes Lle L2e L1i L2i
1.A.4 Other SectorsBiomass N O Yes L2e
1.A.4 Other SectorsGaseous Fuels co Yes Lle L2e T1i T2i L1i Tle T2e
1.A.4 Other SectorsLiquid Fuels co Yes Lle L2e Tii T2i L1i Tle T2e
1.A.4 Other SectorsLiquid Fuels N O Yes L2e
1.A.4 Other SectorsSolid Fuels co Yes T1i Tle
1.B.2.a Fugitive Emissions from Fuel®il and Natural Gas Oil co Yes T1i T2e
1.B.2.a Fugitive Emissions from Fuel®il and Natural GasOil CH Yes Tii T2i Tle T2e
1.B.2.b Fugitive Emissions from Fuel®il and Natural GasNatural Gas | CH Yes L2e T2i L2i T2e
1.B.2.b Fugitive Emissions from Fuel®il and Natural GasNatural Gas | C O Yes Lle L2e | Tii T2i L1i L2i Tle T2e
2. Industrial processes and product use
2.A.1 Cement Production co Yes Lle T1i L1i Tle
2.B.1 Ammonia Production co Yes T1i Tle
2.B.2 Nitric Acid Production N O Yes T1i Tle
2.B.8 Petrochemical and Carbon Black Production co Yes T1i Tle
2.C.2 Ferroalloys Production co Yes T1i Tle
2.C.3 Aluminium Production co Yes T1i
2.C.3 Aluminium Production PFCs Yes T1i Tle
2.D Nonenergy Products from Fuels and Solvent Use Aggregate | Yes T1i T2i T2e
2.F.1 Refrigeration and Air conditioning\ggregate F ases Yes Lle L2e Tii T2i Lii L2i Tle T2e
3. Agriculture
3.A Enteric Fermentation CH Yes Lle L2e T1i T2i L1i Tle T2e
3.B Manure Management CH Yes Lle L2e L1i
3.B Manure Management N O Yes L2e Tii T2i L2i Tle T2e
3.D.1 Direct N20 Emissions From Managed Soils N O Yes Lle L2e T2i L1i L2i T2e
3.D.2 Indirect N20O Emissions From Managed Soils N O Yes Lle L2e L1li L2i
4. Land use, land use change and forestry
4(111).Direct N20 emissions from N mineralization/immobilization N O Yes T2i
4(V) Biomass Burning co Yes Tii T2i L1i
4.A.1 Forest Land Remaining Forest Land co Yes Tii T2i Lii L2i
4.A.2 Land Converted to Forest Land co Yes T1i T2i L1i L2i
4.B.1 Cropland Remaining Cropland co Yes T2i Lii L2i
4.B.2 Land Converted to Cropland co Yes T2i L2i
4.C.2 Land Converted to Grassland co Yes T1i T2i L1i L2i
4.D.2 Land Converted to Wetlands co Yes T2i
4.E.2 Land Converted to Settlements co Yes T1i T2i L1i L2i
4.G Harvested Wood Products CO Yes T1i T2i L1i L2i
5. Waste
5.A Solid Waste Disposal CH Yes Lle L2e | Tii T2i Lii L2i Tle T2e
5.D Wastewater Treatment and Discharge CH Yes Lle L2e T1i L1i L2 Tle T2e
5.D Wastewater Treatment and Discharge N O Yes L2e T2e

Lle- Level excluding LULUCF Tierl T1le- Trend excluding LULUCF Tier 1
L2e- Level excluding LULUCF Tier 2  T2e- Trend excluding LULUCF Tier 2
L1i - Level including LULUCF Tier1 ~ T1i- Trend including LULUCF Tier 1
L2i - Level including LULUCF Tier2 ~ T2i - Trend including LULUCF Tier 2



Key category analysis is provided BRT Application too. Although there are differences between the
two analyses, large key sources were identified in both analyses. Some categGReE dnalysis
differed from categories which are provided in 2006 IPCC Guidelines for key category analysis so
detailed comparison between them was not possible to make.

ES.6. Improvements introduced

Impovements which were performed inODN2026 are given in table ES:6-1.

TableES.61-1: Recalculations performed in 208r CO, CHs and NO

Sector GHG Year Explanation for recalculations
1. Energy
A. Fuel combustion activities NO NO NO
1. Energy industries NO NO NO
2. Manufacturing industries an| NO NO NO
construction
3. Transport NO NO NO
CO, CHs, | 2023 Error in calculating fuel consumptions fi
N20 lubricants occurred. In this submission tl
4. Other sectors error is corrected
5. Other NO NO NO
B. Fugitive Emissions from Fuels NO NO NO
1. Solid fuels NO NO NO
2. Oil and natural gas NO NO NO
C. CQ transport and storage NO NO NO
2. Industrial processes and product use
A. Mineral industry NO NO NO
B. Chemical industry NO NO NO
C. Metal industry NO NO NO
S(I?I;Ieilf)lrjrseenergy products from fuels ar NO NO NO
G. Other product manufacture and use NO NO NO
H. Other NO NO NO
3. Agriculture
A. Enteric fermentation NO NO NO
CH4, N2O 19902023 In accordance with the recommendations|
the TERT (HR-3B-20250004 revised
B. Manure management emission factors were used.
C. Rice cultivation NO NO NO
NO NO NO
D. Agricultural soils
E. Prescribed burning of savannahs NO NO NO
F. Field burning of agricultural residues NO NO NO
G. Liming NO NO NO
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Sector GHG Year Explanation for recalculations
NO NO NO
H. Urea application
I. Other carborcontaining fertilizer NO NO NO
NO NO NO
J. Other
4. Land use, landuse change and forestry
(net) (4)
CO2 19902024 Recalculations ir5OC pool valuesbased on
A. Forestland N20 19902022 the TERT recommendatien
co 19902024 Recalculations in SOC pool values based
B. Cropland the TERT recommendatisn
cos 19902024 Recalculations in SOC pool values based
C. Grassland the TERT recommendatien
COp 19902024 Recalculations in SOC pool values based
D. Wetlands the TERT recommendations.
COp 19902024 Recalculations in SOC pool values based
E. Settlements the TERT recommendatien
F. Other land NO NO NO
G. Harvested wood products NO NO NO
H. Other NO NO NO
COs CHa Revised clulationsof forest fire emissions i
E B Bumi N2O 19902024 FL-FL / L-FL category based OoTERT
. Biomass Burning Review
5. Waste
New country specific data on degradah
A. Solid waste disposal CHa 1990- 2023 organic carbon (CS DOG) industrial waste
has been used
B. Biological treatment of solid waste NO NO NO
C. Incineration and open burning of waste| NO NO NO
New data on population with direct dischar
D. Waste water treatment and discharge | CHa, N2O 1990- 2023 .Od untreated Wastgwater and data on pro
intake for domestic wastewater have be
used.
E. Other NO NO NO
6. Other NO NO NO




Chapter 1: Introduction

1.1 Background information on GHG inventories and climate change

1.1.1. Background information on climate change in Croatia

Climate change in Croatia was determined by estimating the trends in annual and seasonal mean air
temperature and precipitation amounts; and the associated indices of extremes from the data spanning
the period 19612020. The analyses was based on data 87 series of mean, minimum and maximum

daily temperature and 195 series of daily precipitation amount from Croatian Meteorological and
Hydrological Service meteorological station network.

Trends in air temperature (mean, mean minimum and mean maximum temperature) in thgdast 60
period show significant warming all over Croatia. They are positive and statistically significant, with the
highest changes (up to 0.5 ° C / 10 yrs) detectéukicentral mainland. The overall positive trend in air
temperature is mainly due to the summer trends (ranging from 0.35 ° C to 0.67 ° C / 10 yrs), and due to
an increase of winter mean air temperature in the central mainland (0.43 ° C to 0.59 °r8)/ They
observed warming is also evident in all indices of temperature extremes, revealing positive trends in the
warm indices (i.e., increased number of warm days and warm nights and longer warm spell duration),
and negative trends in the cold indices.(iless number of cold days and cold nights and shorter cold
spell duration).

The warmest year in Croatia during the 19&D20 period was 2019 with the mean daily temperature
of 13.5 ° C, which is 1.6 ° C above the 198010 climate normal. The coldest year was 1980 with the
average temperature of 10.6 °C and with anomahd df °C. In the last 60 years, each decade was
gradually warmer, and the last decade (202020) was 1.7 ° C warmer than the first one (1:96470).
Moreover, among the 10 hottest years, seven of them belong to the last decade.

A significant decrease in summer precipitation amounts along the Adriatic coast and the mountainous
region (5% 15% / 10 yrs) was detected, in the letter one a significant decrease was observed also in the
spring season (5%10% / 10 yrs). On the othemahd, the autumn precipitation amount trend has a
positive sign over Croatia, and it is statistically significant in the central parts of the mainlartD@%%

/10 yrs). No statistically significant changes were detected in the winter months, thoughhegatale

trend prevails in eastern Croatia and Dalmatia, and a positive one elsewhere. There is a statistically
significant decrease of annual precipitation amount in the mountainous region, while the direction and
magnitude of trends are not spatiallynsistent in other regions.

The annual and seasonal precipitation trend pattern is the result of detected changes in the the indices of
precipitaiton extremes. The most prominent feature is the significant increase in annual dry spell duration
index (defined as a consecutive sequeoiceays with precipitation below 10 mm, CDD10) in the
western mainland ( up to 4 days / 10 yrs) and along Adriatic region (up to 8 days / 10 yrs) while a
decrease in CDD10 was detected in the eastern mainland (up to 5 days / 10 yrs). Letter one is a
consguence of the significant decrease during the winter season. In addition, in the western mainland,
in the highlands and at the northern Adriatic region statistically significant increase is observed in the
fraction of precipitation due to very wet days amthe simple daily intensity index (594.0% / 10 yrs).

Summer drying is revealed in a significant decrease (up to 20% / 10 yrs) in the frequency of moderate
wet days along the northern Adriatic coast and the highlands. In the mountainous littoral and central
hinterland, there is an increasing trend in the remalb dry days accompanied by a decreasing trend in

the simple daily precipitation intensity (594.0% / 10 yrs) as well as in the maximum daily and-five

day precipitation amounts (5%15% / 10 yrs). In the northern Adriatic, a significant increase in dry
spell duration (CDD10) was also detected (up to 15% / 10 yrs).
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Autumn wet conditions are associated with a significant increase in precipitation fraction due to very
wet days (15% 25% / 10 yrs) in central Croatia, and a decrease in the duration of dry spells (CDD1) in
the northern Adriatic and western mainland (1:0%#6 / 10 yrs). In the mainland, a significant increase
(5% - 10% / 10 yrs) in the daily intensity index and maximunadd 5 day precipitation amounts are
found.

In spring, a significant increase (5940% / 10 yrs) in the dry spell duration (CDD1) was found in the
northern Adriatic according to the increase in the number of dry days. In the western mainland and the
highlands, a statistically significant decreasirend in moderately wet days (594.0% / 10 yrs) was
detected, whereas in eastern Croatia trend toward longer wet spells (CWD10) was found.

1.1.2. Background information on greenhouse gas (GHG) inventories

The Republic of Croatia became a party to the United Nations Framework Convention on Climate
Change (UNFCCC) on 17 January 1996 when the Croatian Parliament passed the law on its ratification
(Official Gazette, International Treaties No. 2/96). For theuRép of Croatia, the Convention came

into force on 7 July 1996. As a country undergoing the process of transition to market economy, Croatia
has, pursuant to Article 22, paragraph 3 of the Convention, assumed the commitments of countries
included in Annex. By the amendment that came into force on 13 August 1998 Croatia was listed
among Parties included in Annex | to the Convention.

The adoption of the Decision 7/CP.12 by the Conference of Parties was acknowledged by the Croatian
Parliament which ratified the Kyoto Protocol on 27 April 2007 (Official Gazette, International Treaties
No. 5/07). The Kyoto Protocol has entered into farc€roatia on 28 August 2007. Initial Report for

the first commitment period of the Republic of Croatia under the Kyoto Protocol was submitted in
August 2008.

One of the commitments outlined in Article 4, paragraph 1 of the UNFCCC is that Parties are required
to develop, periodically update, publish and make available to the Conference of the Parties, in
accordance with Article 12, national inventories of angbgenic emissions by sources and removals by
sinks of all greenhouse gases not controlled by the Montreal Protocol, using comparable methodologies
to be agreed upon by the Conference of the Parties.

Regulation on the Monitoring of Greenhouse Gas Emissions, Policies and Mitigation Measures in the
Republic of Croatia (Official Gazette No. 5/17) prescribe obligation and procedure for emissions

monitoring, which comprise estimation and/or reporting of all anthropogenic emissions and removals.
Monitoring of GHG gases is stipulated by Article 20 of the Act on Climate Change and Ozone Layer

Protection (Official Gazette N6.7/25) andthe ParisAgreemat.

In this NID, the inventory of the emissions and removals of the greenhouse gases (GHG) is reported for
the period from 1990 to 2@2TheNID is prepared in accordance with the UNFCCC reporting guidelines

on annual Inventories as adopted by the COP by its Decision 24/CP.19. The methodologies used in the
calculation of emissions are based on the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories (IPCC Guidelines) and the IPCC Good Practice Guidance and Uncertainty Management in
National Greenhouse & Inventories (IPCC Good Practice Guidance) prepared by the
Intergovernmental Panel on Climate Change (IPCC). As recommended by the IPCC Guidelines country
specific methods have been used where appropriate and where they provide more accurate emission dat
The important part of the inventory preparation is the uncertainty assessment of the calculation and
verification of the input data and results, all this with the aim to increase the quality and reliability of the
calculation.

Furthermore, since the introduction of annual technical reviews of the national inventories by experts
review teams (ERT), Croatia has undergaftedn reviews so far, ircountry review in 2004, 2007,



2008, 2012 and 2018, centralized reviews in 2005, 2006, 2009, 2010, 2011, 2013, 2014, 2016, 2020 and
2022. Issues recommended by the ERT have been included in this report as far as possible

Except of UN reviews, from 2013 (after Croatia become one of EU countries) European commission
conducts reviews dflID each year

The calculation includes the emissions which are the result of anthropogenic activities and these include
the following greenhouse gases: carbon dioxide;jd@ethane (CkJ, nitrous oxide (NO), halogenated
carbons (HFCs, PFCs), sulphur hexafluorides(Shitrogen fluoride (NE) and indirect greenhouse
gases: carbon monoxide (CO), oxides of nitrogenN@onmethane volatile organic compounds
(NMVOCs) and sulphur dioxide (S The greenhouse gases covered by the Montreal Protocol on the
pollutants relged to ozone depletion (freons) are reported in the framework of this protocol and therefore
are excluded from this Report.

Greenhouse gas emission sources and sinks are divided into five main sectors: Energy, Industrial
Processes and Product Use, Agriculture, Land Use, -Used Change and Forestry and Waste.
Generally, the methodology for emission calculation could be dedcaib@ product of the particular
activity data (e.qg. fuel consumption, cement production, number of animals, increase of wood stock etc.)
with corresponding emission factors. The use of specific national emission factors is recommended
wherever possible anjustified, whereas, on the contrary, the methodology gives typical values of
emission factors for all relevant activities of the particular sectors

1.1.3. Changes in the national system

Changes to institutional, legal and procedural arrangements (24/CP.19, 22. (a))
There have been no changes since the last submission.

Changes in staff and capacity (24/CP.19, 22. (b))

Authorised Institution for preparation of 2DRwventory submission stayed the same securing the long
term experience built up over the past years.

Changes to national entity with overall responsibility for the inventory (24/CP.19, 22. (c))
There have been no changes since the last submission.

Changes to the process of inventory planning (24/CP.19, 22.(d,e)/23./24.):
There have been no changes since the last submission.

Changes to the process of inventory preparation (24/CP.19, 25./26.):
There have been no changes since the last submission.

Changes to the process of inventory management (24/CP.19, 27.):
There have been no changes since the last submission.
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1.2. A description of the national inventory arrangements

1.2.1. National entity or national focal point

The National system for Croatia fulfils the requirements, as set forth by both UNFCCC decisions
(Decision 24/CP.19 and Decision 19/CMP4dnd by the European Regulatinn. 2018/1999 on the
management of the energy union and action in the field of cliaradémplementing Regulation no.
2020/1208 on the structure, format, submission procedures and revision of information submitted by
member states in accordance with Regulation (EU) no. 2018/1999 of the European

Functioning of Croatian national inventory system is stipulated by Act on Climate Change and Ozone
Layer Protection (O®7/25. Institutional arrangement for inventory preparation in Croatia is regulated

in Chapter Il of the Regulation on the Monitoring of Greenhouse Gas Emissions, Policies and Mitigation
Measures in the Republic of Croatia (OG 5/17) entitled National systenefestimation and reporting

of anthropogenic greenhouse gas emissions by sources and removals by sinks. Institutional
arrangementdor inventory management and preparation in Croatia could be characterized as
decentralized and owbourced with clear tasks breakdown between participating institutions including
Ministry of environmental protection and green transittMEPGT) and competent governmental
bodies responsible for providing of activity data. The preparation of inventory itself is entrusted to
Authorised Institution, which is elected fathreeyear period by public tendering. Committee for inter
sectoral coordination for nanal system for monitoring of GHG emission (National System
Committee) is included in the approval process; its members provide their opinion on certain parts of
the Inventory within the frame of their speciality. Members of the National System Comarittee
nominated by the authorized Ministries upon the request dfIERGT.

MEPGTIs a national focal point for the UNFCCC, with overall responsibilitytiefunctioning of the
National system in a sustainable manner, including:

1 mediation and exchange of data on GHG emissions and removals with international
organisations and Parties to the Convention;

1 mediation and exchange of data with competent bodies and organisations of the European Union
in a manner and within the time limits laid down by legal acts of the European Union;

T control of methodology for emission calculation and GHG removal in line with good practices
and national circumstances;

1 consideration and approval of the Greenhouse Gas Inventory Report prior to its formal
submission to the Convention Secretariat.

1 organisation of GHG inventory preparation with the airme&ing the deadlines;
1 collection of activity data;

1 development of quality assurance and quality control plan (QA/QC plan) related to the GHG
inventory in line with the guidelines on good practices of the Intergovernmental Panel on
Climate Change;

1 implementation of the quality assurance procedure with regard to the GHG inventory in line
with the quality assurance and quality control plan;

9 archiving of activity data on calculation of emissions, emission factors, and of documents used
for inventory planning, preparation, quality control and quality assurance;

1 maintaining of records and reporting on authorised legal persons patrticipating in the Kyoto
Protocol flexible mechanisms;

T selection of Aut horised Institution (in Cro
inventory;

1 provide insight into data and documents for the purpose of technical reviews.

Authorised Institution is responsible for preparation of inventory, which include:



emission calculation of all anthropogenic emissions from sources and removals by GHG sinks,
and calculation of indirect GHG emissions, in line with the methodology stipulated by the
effective guidelines of the Convention, guidelines of the Intergovernirieateel on Climate
Change, Instructions for reporting on GHG emissions as published on the Ministry's website,
and on the basis of the activities data;

guantitative estimate of the calculation uncertainty for each category of source and removal of
GHG emissions, as well as for the inventory as a whole, in line with the guidelines of the
Intergovernmental Panel on Climate Change;

identification of key categories of GHG emission sources and removals;

recalculation of GHG emissions and removals in cases of improvement of methodology,
emission factors or activity data, inclusion of new categories of sources and sinks, or application
of coordination/adjustment methods;

calculation of GHG emissions or removal from mandatory and selected activities in the sector
of land use, landise change and forestry;

reporting on issuance, holding, transfer, acquisition, cancellation and retirement of emission
reduction units, certified emission reduction units, assigned amount units and removal units,
and carryover, into the next commitment period, of emission rdadaatnits, certified emission
reduction units and assigned amount units, from the Registry in line with the effective decisions
and guidelines of the Convention and supporting international treaties;

implementation of and reporting on quality control procedures in line with the quality control
and quality assessment plan;

preparation of the GHG inventory report, including also all additional requirements in line with
the Convention and supporting international treaties and decisions;

cooperation wi th t he Secretariatds ERTs
assessment/evaluation of the inventory submissions.

EKONERGI Energy and Environmental Protection Institute was selected as Authorised Institution for

preparation of 226 inventory submission.

1.2.1.1. Inventory planning, preparation and management

Process of inventory preparation encompasses several steps starting with activity data collection and
followed by emissions estimation and recalculations in accordance with the IPCC methodology and

recommendations for improvements from the ERT review tepoompilation of inventory including
the NID and theCRT and in parallel implementation of general and sowgategory specific quality
control procedures.

Activity data collection is undethe responsibility of MEPGT which represents a hub between
governmental and public institutions responsible for providing activity data and Authorised
Institution responsible for inventory preparation. The scope and due dates for delivering activity data to
MEPGT are prescribed by the Regulation on the Monitoring of Greenhouse Gas Emissions, Policies and

Mitigation Measures in the Republic of Croatia. In additiseveral operators frorthe energy and

industrial sectorvere directly approached by tMEPGT for more detailed activity data since higher

tier methods have been applied (see tablel ¥ot details).

After activity data are collected and processed, inventory team performed emission estimations and
recalculation in accordance with the IPCC methodology and taking into consideration recommendations
for inventory improvements. Results are checked agauradity control procedures in order to ensure

data integrity, correctness and completeness.
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1.2.1.2. Quality assurance, quality control and verification plan

QA/QC PLAN

According to Article 7. of the Regulation on the Monitoring of Greenhouse Gas Emissions, Policies and
Mitigation Measures in the Republic of Croatia, within the competenMESGT is the preparation of

quality assurance and quality control plan regarding greenhouse gas inventory (hereinafter QA/QC plan),
implementation of the quality assurance procedures in accordance with the QA/QC plan and archiving
activity data for emission callation, emission factors and documents used for planning, preparing,
contwlling and assuring Inventory quality. QA/QC plan is a part of quality assurance and quality control
system (QA/QC system), stipulated by Decision 19/CMP.1 Guidelines for national systems under Article
5, paragraph 1, of the Kyoto Protocol. ImplementatbrQA/QC system is based dhe following
documents: Annual Data Collection Plan (ADCP), QA/QC Plan, Catespmagific QC checklist and
Improvement Plan.

Annual data Collection Plan (ADCP)tleemain document for data collection which is the responsibility

of MEPGT. It contains source categories, activity, activity data, data source and competent authority and
is made for each sector. This document is prepared annually in collaboration bMt&EB&T and
National System Committee.

QAJ/QC plan describes overall responsibilities and roles of institutions involved in inventory planning,
preparation and management, general timetable of activities for data collection, inventory preparation,
inventory submission, internal audits, annwaliew and reporting on GHG registry and general and
specific QA/QC procedures.

Improvement Plan is document which defines objectives related to the improvement of National
Inventory. This document takes into account the key category analysis and recommendations outlined in
the Annual review report. This document is prepared annually.

QA/QC plan follows the proposed cycle of activities and responsibilities:

Activity Responsibility

Preparation of the QA/QC plan QA/QC coordinatorMIEPGT)
Documentation revision and supplement

Approval of the QA/QC plan MEPGT

Implementation of QC procedures QA/QC coordinator MIEPGT)
Internal audit Sectoral expertsMEPGT),
Corrective and preventive activities Project leader itNID preparation MEPGT)
Reporting on performed internal audit Project Coordinator (Authorized Institution)

Sectoral experts (Authorized Institution)
QA/QC coordinator (Authorized Institution)

Reporting on QC procedures Authorized Institution

Implementation of QA procedures MEPGT, National System Committee

Quality control activities are focused on following elements of inventory preparation and submission
process:

- Activity data collection and archiving;
- Preparation of inventory report;

- Submission of inventory report;

- Review activities;



- Reporting on GHG registry.

For the purposes of transparency of the emission calculation and archiving of data, inventory team has
continued with the good practice in preparation of Inventory Data Record Sheets which were introduced
in 2001 submission and which contain details of pleeson and/or organization responsible for an
emission estimate, the primary or secondary sources of activity data and emission factors used, the
methodology applied, data gaps, ways to cabesck, suggestion for future improvement in the estimates

and elevant bibliographic references. The information provided in Inventory Data Record Sheets is
available for each source category and for the entiredgnies. An example of Inventory Data Record
Sheet for 202in the Energy sector is presented in Annex 5, Tabld A8 data in the form ofnventory

Data Record Sheets are also archivedBPGT.

During the preparation of thdID, a number of checks were carried out by sector experts related to
completeness, consistency, comparability, recalculation and uncertainty of activity data, emission factors
and emission estimates. The details on these issues are elaboratedii fyeeach sector, subsector

and correspondinGRT tables.

Before the Authorized Institution submits tNeD to MEPGT, QA/QC manager carried out an audit
which covers selected IPCC source categories, as outlined in the QA/QC plan, with purpose to check
which quality control elements, both general (Tier 1) and specific (Tier 2), as defined in the IPCC Good
Practice Guidare, are already implemented by sector experts and which improvements and corrective
actions should be carried out in the future submissiGRSL tables for each sector are reviewed in
accordance wit the Quality Management Standard (ISO 9001) and Environmental Management
Standard (ISO 14001) implemented within thethorized institution. Audit results are registered in
control lists as well as performed correction activities.

National System Committde included inthe approval process; its members provide their opinion on
certain parts of the Inventory within the frame of their speciality. QA/QC coordinator documents all
National System Committee results/findings.

Finally, MEPGT approves and submits Inventory to the UNFCCC.

VERIFICATION AND CONFIDENTIALITY ISSUES

The verification process of calculation is aimed at the improvement of the input quality and identification
of the calculation reliability. The IPCC Guidelines recommend that inventories should be verified
through the use of a set of simple checks for detepess and accuracy, such as checks for arithmetic
errors, checks of country estimates against independently published estimates, checks of national activity
data against international statistics and checks efed@ssions from fuel combustion calculgtasing

sectoral methods with the IPCC Reference Approach. Further verification checks may be done through
comparison with other national inventory calculation data.

In the development of the Croatian inventory, certain steps and some of these checks were performed:

- Comparison with the national inventory data of other countries was conducted by
comparingCRT tables or through a direct communication;

- Activity data were compared using different sources such as the Croatian Bureau of
Statistics and individual emission sources;

- The CQ emissions from fossil fuel combustion, within the framework of IPCC
methodology, are estimated using two approaches: (1) Reference Approach and (2)
Sectoral Approach (Tier 1).
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TREATMENT OF CONFIDENTIALITY ISSUES

In Croatian GHG Inventory, only data that refers to a single enterprise is in general confidential. In the
National Inventory Report, for those activities, the activity data and emissions are aggregated on the
subsector level.

1.2.1.3. Information on minimization of activities

According to paragraph 24 of the Annex to Decision 15/CMP.1 Parties included in Annex Il, and other
Parties included in Annex | that are in a position to do so, shall incorporate information on how they give
priority, in implementing their commitments bdsen relevant methodologies referred to in paragraph

8 of decision 31/CMP.1. Considerations of possible impact of the implementation of response measures
form part of the fully transparent process of impact assessments or sustainability impact assiessments
EU legislative proposals or trade agreements respectively, such as specific proposals on climate action
or crosshorder sectoral measures including energy, transport, industry and agriculture.

According to Article 4, paragraphs 8 and 9 of the Convention Croatia strives to implement Kyoto
commitments in a way which minimize adverse impact on developing countries. In continuation
information on implementation of policies and measures that miniatigerse social, environmental

and economic impacts on némnex | Parties is provided.

a) Market imperfections, fiscal incentives, tax and duty exemptions and subsidies

The ongoing liberalization of the energy market is in line with EU policies and directives. No significant
market distortions have been identified. Consumption taxes for electricity and fossil fuels were
harmonized recently. The main instrument addressitgynalities is the emission trading under the EU
ETS

b) Removing subsidies associated with the use of environmentally unsound and unsafe
technologies

In the Republic of Croatia, no subsidies for environmentally unsound and unsafe technologies have been
identified.

c) Technological development of n@mergy uses of fossil fuels
Republic of Croatia has not participated actively in activities of this nature.

d) Carbon capture and storage technology development
Republic of Croatia does not take part in any such activity.

e) Improvements in fossil fuel efficiencies

In 2025 The IntegratedNational Energy Efficiency Action Plan for ti#921- 2030 period has been
drawn up in accordance with the template laid down by the European Commission, with which all EU
Member States must comply. Measures for the period from 2017 to 2019 regarding energy efficiency
are:



- supporting the use of renewable energy sources and energy efficiency by the
Environmental Protection and Energy Efficiency Fund (the Fund),

- encouraging the use of renewable energy and energy efficiency through the Croatian
Bank for Reconstruction and Development (HBOR),

- energy efficiency projects with repayment through savings (ESCOSs),
- increasing energy efficiency in buildings
- energy audits in the industry,

- promoting energy efficiency in households and the services sector through project
activities,

- labelling the energy efficiency of household appliances,
- metering and informative billing of energy consumption,
- ecodesign of energysing products.

In 2019 Integrated National Energy and Climate Plan for the Republic of Croatia for the peried 2021
2030 has been drawn up in accordance with the template laid down by the European Commission.
Measures for the period from 2D 20 regarding fuel efficiency are:

- Energy efficiency obligation scheme for suppliers
- Promoting nearlzero energy standard in buildings construction and refurbishment

- Energy renovation programme for medgpartment buildingsingle family housegublic sector
buildings heritage buildings

- Energy management system in the public sector

- Energy renovation programme for public lighting

- Green public procurement

- Energy management system in business (service & production) sector
- Informative bills

- Providing information on energy efficiency

- Energy efficiency education

- Integrated information system for monitoring energy efficiency

- Energy efficiency of the electricity transmission system

- Reduction of losses in the distribution network and introduction of smart grids
- Increasing efficiency of district heating system

- Increasing efficiency of the gas transport network

f) Assisting developing country Parties which are highly dependent on the export and consumption
of fossil fuels in diversifying their economies

As regards to the abovmotioned activity, Republic of Croatia does not take part in any such activity.
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1.2.2. Inventory preparatioprocess

Process of inventory preparation encompasses several steps starting with activity data collection and
followed by emissions estimation and recalculations in accordance with the IPCC methodology and
recommendations for improvements from the ERT review tepoompilation of inventory including

the NID and theCRT and in parallel implementation of general and sowategory specific quality

control procedures.

Activity data collection is undethe responsibility of MEPGT which represents a hub between
governmental and public institutions responsible for providimg activity data and Authorised
Institution responsible for inventory preparation. The scope and due dates for delivering activity data to
MEPGTare prescribed by the Regulation on the Monitoring of Greenhouse Gas Emissions, Policies and
Mitigation Measures in the Republic of Croatia. In additiseveral operators frorthe energy and
industrial sectorvere directly approached by tMEPGT for more detailed activity data since higher

tier methods have been applied (see tablel ¥ot details).

After activity data are collected and processed, inventory team performed emission estimations and
recalculation in accordance with the IPCC methodology and taking into consideration recommendations
for inventory improvements. Results are checked against quality control procedures in order to ensure
data integrity, correctness and completeness.

Process of inventory preparation has been improved in recent submissions mainly as a result of activities
carried out under the framework of two capaditylding projects, i.e.:

UNDP/ GEF regional project ACapacity building for
following inventory related documents were prepared:

- National GHG Inventory Improvement Strategy

- National QA/QC plan

- National QA/QC guidance

- Manuals of procedures for compiling, archiving, updating and managing GHG Inventory
- Description of inventory archives

- Description of awarenesaising campaign

- Improvement of GHG emission calculation from road transport

- Improvement of methane emission calculations from waste disposal

EC LIFE Third Countries project fACapacity buil di
Protocol in the Republic of Croatiabo

Furthermore, since the introduction of annual technical reviews of the national inventories by experts
review teams (ERT), Croatia has undergfifteen reviews so far, ircountry review in 2004, 2007,

2008, 2012 and 2018, centralized reviews in 2005, 2006, 2009, 2010, 2011, 2013, 2014, 2016, 2020 and
2022. Issues recommended by the ERT have been included in this report as far as possible.

Except of UN reviews, from 2013 (after Croatia become one of EU countries) European commission
conducts reviews dflID each year.

1.2.3. Archiving of information

For the purposes of transparency of the emission calculation and archiving of data, inventory team
annually prepare Inventory Data Record Sheets which were introduced in 2001 submission and which
contain details of the person and/or organization respenfiblan emission estimate, the primary or



secondary sources of activity data and emission factors used, the methodology applied, data gaps, ways
to crosscheck, suggestion for future improvement in the estimates and relevant bibliographic references.
The information provided in Inventory Data Ret&heets is available for each source category and for

the entire timeseries. An example of Inventory Data Record Sheet foB 202he Energy sector is
presented in Annex 5, Table A5 All data in the form ofnventory Data Record Sheets are also aedhi
atMEPGT.

1.2.4. Processes for official consideration and approval of inventory

During the preparation of theID, a number of checks were carried out by sector experts related to
completeness, consistency, comparability, recalculation and uncertainty of activity data, emission factors
and emission estimates. The details on these issues are elaboratedlih blyeeach sector, subsector

and correspondinGRT tables.

Before the Authorized Institution submits tNéD to MEPGT, QA/QC manager carried out an audit
which covers selected IPCC source categories, as outlined in the QA/QC plan, with purpose to check
which quality control elements, both general (Tier 1) and specific (Tier 2), as defined in the IPCC Good
Practice Guidate, are already implemented by sector experts and which improvements and corrective
actions should be carried out in the future submissiGRSL tables for each sector are reviewed in
accordance wit the Quality Management Standard (ISO 9001) and Environmental Management
Standard (ISO 14001) implemented within thethorized institution. Audit results are registered in
control lists as well as performed correction activities.

National System Committde included inthe approval process; its members provide their opinion on
certain parts of the Inventory within the frame of their speciality. QA/QC coordinator documents all
National System Committee results/findings.

Finally, MEPGT approves and submits Inventory to the UNFCCC.

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

The methodologies from 2006 IPCC Guidelines for National GHG Inventories and Good Practice
Guidance and Uncertainty Management in National GHG Inventories, recommended by the UNFCCC
were used for emission estimations of greenhouse gases which are result of anthropogenic activities, i.e.
CO,, CHs, N2O, HFCs, PFCs, SFand NE. Emissions of indirect GHGs have been taken from the
emi ssion inventory report ORepublic of Croatia
for the Year 204 Submission to th€onventiononLong ange Tr ansboundary Air

Carbon dioxide (C@, methane (Ch, and nitrous oxide (MD) are principal greenhouse gases and
though they occur naturally in the atmosphere, their recent atmospheriuplzpears to be largely

the result of human activities. Synthetic gases such as halogenated hydrocarbons (PFCs, HFCs), sulphur
hexafluoride(SF6) and nitrogen trifioride (NFs) are also considered as greenhouse gases and they are
solely the result of human activities. The methodology does not include the CFCs which are the subject
of the Montreal Protocol. In addition, there are other photochemically active gases such as carbon
monoxide (CO), oxides of nitrogen (NOx) and rarthane volatile organic compounds (NMVOCs)

that, although not considered as greenhouse gases, contributetlnttréioe greenhouse effect in the
atmosphere. These are generally referred to as ozone precursors because they participate in the creation
and destruction of tropospheric and stratospheric ozone (which is also GHG). Sulphur dio¥idagSO

a precursoof sulphate and aerosols, is believed to exacerbate the greenhouse effect because the creation
of aerosols removes heat from the environment.
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Generally, methodology applied to estimate emissions includes the product of activity data (e.g. fuel
consumption, cement production, wood stock increment and so forth) and associated emission factor.
The use of countrgpecific emission factors, if avdike, is recommended but these cases should be
based on weltlocumented research. Otherwise, the 2006 IPCC Guidelines praviggkodology with

default emission factors for different tiers. The emission estimates are dividéteifttilowing sectors:

Enrergy, Industrial Processes and Product Use, Agriculture, Land UseUsen@hange and Forestry

and WasteA detailed description of the applied methodologies is described in speoific chapters

of theNID from 3 to9 andanoverview is given in th€RT tables Summary 3s1Summary 3s2.

The 2008 reporting cycle represents a transition from voluntary to in principal mandatory activity data
collection system stipulated by the Regulation on the Monitoring of Greenhouse Gas Emissions in the
Republic of Croatia (Official Gazette No. 01/07).tkity data sources for inventory preparation are
presented in the Table3tl, but more detailed information is given in sectoral chapters.

Table 1.31: Data sources for GHG inventory preparation

CRT Sector/Sub | Type of data Source of data
sector

Energy Energy balance - Ministry of Economy with assistance of Energ]
Institute Hrvoje Pogar

Registered motor vehicles database - Ministry of the Interior

Fuel consumption and fuel characteristic data | - Pollution Emission RegisteMEPGT

thermal power plants - Verified reports of C@emission

- Voluntary survey of Power Utility Company

Fuel characteristic data - Voluntary survey of Oil and Gas Company

Natural gas processed (scrubbed), .Céntent| - Voluntary survey of Central Gas Station
before scrubbing and G@mission

Industrial Processes | Activity data on production/consumption of mater| - CBS, Industry, Energy and InformatioBociety
for a particular industrial process Department

- MEPGT

-0 Republ i cinfoonfativ€invergoty iReport fo
LRTAP Convention for the Year 2D8ubmission to the
Convention on Longange Transboundary Ai
Pol l utioné

Activity data on production/consumption ( - MEPGT
halogenated hydrocarbons (PFCs, HFCs) |
sulphur hexafluoride (SF

Data on consumption and composition of natural | - Survey of ammonia manufacturer

in ammonia production - Survey of cement and lime manufacturers

Data on cement and lime production -MEPGT
Solvent and Othel Activity data on production for a particular sourf -6 Re p u b | i cInfoonfativ€inventoty iReport fo
Product Use category and number of inhabitants LRTAP Convention for the Year 2D8ubmission to the
Convention on Longange Transboundary Ai
Pol lutioné
Agriculture Livestock number -CBS

- Ministry of Agriculture

Production of Nfixing crops and non Nixing crops | - CBS

Area of histosols - MEPGT

Activity data on mineral fertilisers applied in Croaf - Voluntary survey of Fertilizer Companies

Activity data on sewage sludge applied - MEPGT




CRT Sector/Sub Type of data Source of data
sector

LULUCF Activity data on areas of different land u{ - Ministry of Agriculture with the assistance of publ
categories, annual increment and annual harvesf c o mpany fAHrvatske gume?od
wildfires -MEPGT
Activity data on crop production -CBS

Waste Activity data on solid waste disposal - MEPGT

Activity data on biological treatment of solid wast{ - MEPGT

composting - Composting facilities

Activity data on biological treatment of solid wast{ - MEPGT

anaerobic digestion at biogas facilities - Biogas facilities

Activity data on waste incineration - MEPGT
Activity data on opefburned waste - Ministry of Agriculture, Forestry and Fisheries
-CBS

Activity data on wastewater treatment and discha - State company Croatian Water (Hrvatske vode)
-CBS
- FAOSTAT

1.3.1. Usage of data from European Union greenhouse gas emission trading system
(EU ETS)

Two main instruments of the European policy to reach greenhouse gas emission reduction goals are
emissions trading systenEU ETS and national emission reduction targets in the sectors not covered
by the EU ETS. Europeagreenhouse gas emission reduction goals were formulated in two sets of
binding legislation. 2020 climate and energy package sets the target for the year 2020 and that is a 20%
reduction of greenhouse gas emissions from the 1990 level. 2030 climateesndfeamework sets the

target of 406 reduction of greenhouse gas emissions compared to 1990 level. Compared to 2005
emissions level EU ETS sectors would have to cut emissions by 43% afd 8asectors would have

to cut emissions by 30% until 2030. While EU ETS target is to be reachectivelieon the EU level,

the noRETS target is translated into individual binding targets for each Member State.

Croatia has been participating in the EU ETS since 2ah8 year of its accession to the European
Union. This is also the year of the beginning of the Phase Il {2028) of the EU ETS. Therefore
results of consistency examination between reportedsemsand EU ETS data in Annex65can be
presented only from 2013 onwards. Consistency checks are performed to draw conclusions regarding
the completeness and consistency of the inventory.

From 2013 the representatives of the energy and manufacturing industry and aviation in Croatia that are
covered by the EU ETS have an obligation to monitor greenhouse gas emissions from their installations
and aircraft and to submit to the competent autthan annual emission report. Annual emission reports

are verified by accredited independent verifiers. Prior to monitoring emissions, operators of stationary
installations have to apply for the greenhouse gas emission permit which guarantees thatghagnon
methodology applied is in line with monitoring and reporting rules.

The following EU ETS activities are represented in Croatia: combustion of fuels, refining of mineral oil,
production of pig iron or steel, production of cement clinker, production of lime, manufacture of glass,
manufacture of ceramic products, manufactinmineral wool insulation materials, production of paper

and cardboard, production of carbon black, production of nitric acid, production of ammonia and
aviation. Majority of installations were included based on the combustion activity. Other installation
were included in the trading system primarily based on their production activity, nevertheless, they also
use fuels for the combustion. Greenhouse gases covered by the EU ETS that are represented in Croatia
are CQ and NO, later resulting only from the production of nitric acid. There were around 50 EU ETS
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installations and two aircraft operators in Croatia in operation id @&ponsible for approximately 35
% of total Croatian greenhouse gas emissions.

The inclusion of maritime transport in the EU Emissions Trading System (EU ETS) represents an
important step by the European Union toward reducing greemlgassemissions from the shipping

sector. Maritime transport is responsible for a significant stlagéobal and European carbon dioxide

emi ssi ons, and its integration into the EU ETS
climate objectives.

The extension of the EU ETS to maritime transport started in 2024. From this year onward, shipping
companies operating large vessels above 5,000 gross tonnage calling at ports within the European Union
must monitor, report, and verify their greenhoegss emissions and surrender emission allowances
corresponding to those emissions.

Monitoring methodologies laid down in the EU ETS monitoring and reporting rules are based on tiers
implying a definition of different levels of required data accuracy. Low tiers are related to standard
(default) values that can be selected from a predifiseof values mainly for emission factors and net
calorific values. In contrast to low tier approach, application of high tiers requires determination of
unique values for the specific fuel, material or product. If a high tier is required, the opesitar

collect physical samples and apply analytical methods for determination of calculationifachigsion
factors, net calorific values, oxidation factor, conversion factor, biomass fraction and carbon content.
Generally, higher tiers are always végd for installations with large emissions while lewission
installations are allowed to apply low tiers.

Annex 53 to this report contains parameters for fuels used in Croatia prepared exclusively for operators
of the installations under the EU ETS. According to monitoring and reporting rules, for net calorific
value, emission factor and oxidation factor @pers have to apply under certain conditions standard
factors used by the Member State for its national inventory submission. In fact, this is a tier higher than
the tier for standard factors but lower than the tier which implies performing laboratorgesmadih order

to provide operators with a complete list of factors, the table presented in ABngasbintroduced. For
calculating emissions in their annual emission reports operators use factor values from the table
published in the latest national Emtory.



1.4. Brief description of key categories

According to the Good Practice Guidance and Uncertainty Management in National Greenhouse Gas
Inventories, key categories are those which represent 95% (Tier 1) or 90% (Tier 2) of the total annual
emissions in the last reported year or belonging to tla tend, when ranked from contributing the
largest to smallest share in annual total and in the trend.

Summary table with the key categories identified for the latest reporting year (by level and trend) on the
basis of table 4.4 of volume 1 of the 2006 IPCC Guidelines is provided in Tadle 1.

Table 14-1: Key categories summary table for220

Tier 1 and Tier 2 Analysis- Source Analysis Summary (Croatian Inventory, year =2024)

e kb

IPCC Source Categories If Column Cis Yes, Criteria for Identification

1. Energy

1.A.1 Fuel combustionEnergy Industries Gaseous Fuels cO Yes|Lle L2e |Tle T2e |L1i T1i
1.A.1 Fuel combustionEnergy Industries Liquid Fuels cO Yes |Lle Tle T2e |L1i T1i T2i
1.A.1 Fuel combustionEnergy Industries Solid Fuels CcO Yes |L1le Tle L1i T1i
1.A.1 Fuel combustionEnergy Industries Biomass N O |No

1.A.2 Fuel combustionManufacturing Industries and ConstructioBaseous Fuels cO Yes |L1le Tle L1i T1i
1.A.2 Fuel combustionManufacturing Industries and Constructioquid Fuels CcO Yes |L1le Tle L1i T1i
1.A.2 Fuel combustionManufacturing Industries and Constructio®ther Fossil Fuels CcO Yes |L1le Tle L1i T1i
1.A.2 Fuel combustionManufacturing Industries and ConstructioBolid Fuels CcO Yes |L1le Tle T2e L1i T1i T2i
1.A.3.b Road Transportation CcO Yes|Lle L2e |Tle T2e |L1i L2i [T1i T2i
1.A.3.b Road Transportation N O |Yes| L2e T2e

1.A.3.d Domestic NavigationLiquid Fuels CH Yes L1i

1.A.4 Other SectorsBiomass CH Yes|Lle L2e L1i L2i

1.A.4 Other SectorsBiomass N O |Yes| L2e

1.A.4 Other SectorsGaseous Fuels CcO Yes [Lle L2e [Tle T2e |L1i T1i T2i
1.A.4 Other SectorsLiquid Fuels CcO Yes |L1le Tle T2e L1i Tl T2i
1.A.4 Other SectorsLiquid Fuels N O |Yes| L2e

1.A.4 Other SectorsSolid Fuels coO Yes Tle T1i
1.B.2.a Fugitive Emissions from Fuel®il and Natural Gas Oil CcO Yes T1i
1.B.2.a Fugitive Emissions from Fuel®il and Natural GasQil CH Yes Tle T2e T1i T2i
1.B.2.b Fugitive Emissions from Fuel®il and Natural GasNatural Gas CH Yes| L2e T2e

1.B.2.b Fugitive Emissions from Fuel®il and Natural GasNatural Gas cO Yes [Lle L2e |[T2e L1 L2i |[T2i

2. Industrial processes and product use

2.A.1 Cement Production cO Yes |Lle Tle L1i T1i
2.B.1 Ammonia Production cO Yes |Lle Tle L1i T1i
2.B.2 Nitric Acid Production N O |Yes Tle T1i
2.B.8 Petrochemical and Carbon Black Production cOo Yes Tle T1i
2.C.2 Ferroalloys Production CcO Yes Tle T1i
2.C.3 Aluminium Production coO Yes Tle T1i
2.C.3 Aluminium Production PFCs |Yes Tle T1i
2.F.1 Refrigeration and Air conditioning F-gases|Yes T1i

3. Agriculture

3.A Enteric Fermentation CH Yes|Lle L2e |Tle T2e L1i Tl T2i
3.B Manure Management CH Yes |L1e, L2e L1i

3.B Manure Management N O |Yes Tle T2e L2i Tl T2i
3.D.1 Direct NO Emissions From Managed Soils N O |Yes|Lle L2e |Tle T2e |[L1i L2i |Tii T2i
3.D.2 Indirect NO Emissions From Managed Soils N O |Yes|Lle L2e L1 L2i

4. Land use land use change and forestry

4(111) Direct N2O emissions from N mineralization/immobilization N O |Yes T1i T2i
4(V) Biomass Burning CO Yes L2i

4.A.1 Forest Land Remaining Forest Land CO Yes Lii L2i [T2i
4.A.2 Land Converted to Forest Land CO Yes L1i L2i |T1i T2i
4.B.1 Cropland Remaining Cropland coO Yes L2i T2i
4.B.2 Land Converted to Cropland cO Yes L2i T2i
4.C.2 Land Converted to Grassland coO Yes L1i L2i |T1i T2i
4.D.2 Land Converted to Wetlands cO Yes T2i
4.E.2 Land Converted to Settlements cO Yes L1i L2i |T1i T2i
4.G Harvested Wood Products CO Yes L1i L2i |T1li T2i
5. Waste

5.A Solid Waste Disposal CH Yes [Lle L2e |Tle T2e L1i L2i |T1i T2i
5.D Wastewater Treatment and Discharge CH Yes |[Lle L2e Tle T2e |L1i T1i

5.D Wastewater Treatment and Discharge N O |No

Lle- Level excluding LULUCF Tierl T1le- Trend excluding LULUCF Tier 1
L2e- Level excluding LULUCF Tier2  T2e- Trend excluding LULUCF Tier 2
L1i - Level including LULUCF Tier 1 T1i- Trend including LULUCF Tier 1
L2i - Level including LULUCF Tier2 ~ T2i - Trend including LULUCF Tier 2
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Key category analysis is provided BYRT Application too. Although there are differences between the
two analyses, large key sources were identified in both analyses. Some categGREE dnalysis
differed from categories which are provided in 2006 IPCC Guidelines for key category analysis so
detailed comparison between them was not possible to make.

1.5. Brief general description of QA/QC plan and implementation

QA/QC PLAN

According to Article 7. of the Regulation on the Monitoring of Greenhouse Gas Emissions, Policies and
Mitigation Measures in the Republic of Croatia, within the competenMESGT is the preparation of

quality assurance and quality control plan regarding greenhouse gas inventory (hereinafter QA/QC plan),
implementation of the quality assurance procedures in accordance with the QA/QC plan and archiving
activity data for emission aalllation, emission factors and documents used for planning, preparing,
contolling and assuring Inventory quality. QA/QC plan is a part of quality assurance and quality control
system (QA/QC system), stipulated by Decision 19/CMP.1 Guidelines for national systems under Article
5, paragraph 1, of the Kyoto Protocol. ImplementatbrQA/QC system is based dhe following
documents: Annual Data Collection Plan (ADCP), QA/QC Plan, Catepmagific QC checklist and
Improvement Plan.

Annual data Collection Plan (ADCP)tlsemain document for data collection which is the responsibility

of MEPGT. It contains source categories, activity, activity data, data source and competent authority and
is made for each sector. This document is prepared annually in collaboration bbt&R&T and
National System Committee.

QA/QC plan describes overall responsibilities and roles of institutions involved in inventory planning,
preparation and management, general timetable of activities for data collection, inventory preparation,
inventory submission, internal audits, annwali@ew and reporting on GHG registry and general and
specific QA/QC procedures.

Improvement Plan is document which defines objectives related to the improvement of National
Inventory. This document takes into account the key category analysis and recommendations outlined in
the Annual review report. This document is prepared annually.

QA/QC plan follows the proposed cycle of activities and responsibilities:

Activity Responsibility

Preparation of the QA/QC plan QA/QC coordinatorNIEPGT)
Documentation revision and supplement

Approval of the QA/QC plan MEPGT

Implementation of QC procedures QA/QC coordinator IEPGT)
Internal audit Sectoral expertdEPGT),
Corrective and preventive activities Project leader itNID preparation MEPGT)
Reporting on performed internal audit Project Coordinator (Authorized Institution)

Sectoral experts (Authorized Institution)
QA/QC coordinator (Authorized Institution)

Reporting on QC procedures Authorized Institution

Implementation of QA procedures MEPGT, National System Committee




Quality control activities are focused on following elements of inventory preparation and submission
process:

- Activity data collection and archiving;
- Preparation of inventory report;

- Submission of inventory report;

- Review activities;

- Reporting on GHG registry.

For the purposes of transparency of the emission calculation and archiving of data, inventory team has
continued with the good practice in preparation of Inventory Data Record Sheets which were introduced
in 2001 submission and which contain details of pleeson and/or organization responsible for an
emission estimate, the primary or secondary sources of activity data and emission factors used, the
methodology applied, data gaps, ways to cabeck, suggestion for future improvement in the estimates

and elevant bibliographic references. The information provided in Inventory Data Record Sheets is
available for each source category and for the entiredignies. An example of Inventory Data Record
Sheet for 202in the Energy sector is presented in Annex 5, Tabld A8l data in the form ofnventory

Data Record Sheets are also archivedBPGT.

During the preparation of thdID, a number of checks were carried out by sector experts related to
completeness, consistency, comparability, recalculation and uncertainty of activity data, emission factors
and emission estimates. The details on these issues are elaboratedli fyeeach sector, subsector

and correspondinGRT tables.

Before the Authorized Institution submits tNeD to MEPGT, QA/QC manager carried out an audit
which covers selected IPCC source categories, as outlined in the QA/QC plan, with purpose to check
which quality control elements, both general (Tier 1) and specific (Tier 2), as defined in the IPCC Good
Practice Guidare, are already implemented by sector experts and which improvements and corrective
actions should be carried out in the future submissiGRIL tables for each sector are reviewed in
accordance wit the Quality Management Standard (ISO 9001) and Environmental Management
Standard (ISO 14001) implemented within thethorized institution. Audit results are registered in
control lists as well as performed correction activities.

National System Committde included inthe approval process; its members provide their opinion on
certain parts of the Inventory within the frame of their speciality. QA/QC coordinator documents all
National System Committee results/findings.

Finally, MEPGT approves and submits Inventory to the UNFCCC.

VERIFICATION AND CONFIDENTIALITY ISSUES

The verification process of calculation is aimed at the improvement of the input quality and identification
of the calculation reliability. The IPCC Guidelines recommend that inventories should be verified
through the use of a set of simple checks for detepess and accuracy, such as checks for arithmetic
errors, checks of country estimates against independently published estimates, checks of national activity
data against international statistics and checks ofed@ssions from fuel combustion calculétesing

sectoral methods with the IPCC Reference Approach. Further verification checks may be done through
comparison with other national inventory calculation data.

In the development of the Croatian inventory, certain steps and some of these checks were performed:

- Comparison with the national inventory data of other countries was conducted by
comparingCRT tables or through a direct communication;
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- Activity data were compared using different sources such as the Croatian Bureau of
Statistics and individual emission sources;

- The CQ emissions from fossil fuel combustion, within the framework of IPCC
methodology, are estimated using two approaches: (1) Reference Approach and (2)
Sectoral Approach (Tier 1).

TREATMENT OF CONFIDENTIALITY ISSUES

In Croatian GHG Inventory, only data that refers to a single enterprise is in general confidential. In the
National Inventory Report, for those activities, the activity data and emissions are aggregated on the
subsector level.

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

The uncertainties associated with both annual estimates of emissions and emission trends over time are
reported according to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. The
uncertainties are estimated using Tier 1 and Tier 2 (Monte Carlo analysis) methods described by the
IPCC, which provide estimates of uncertainties by pollutang. itrcertainties are estimated for both
excluding LULUCF and including LULUCF due to the Good Practice Guidance for Land Use, Land
Use Change and Forestry.

Uncertainty in the emissions excluding LULUCF

The estimations of C£eqg emissions wers,275.42kt CO,-eq for the year 20R and31,446.33kt
CO»-eq for the year 1990. without removals from LULUCF

Monte Carlo analysis shows that with a certainty of 95% total emissions of all categories for the year
2024 (24,234.73kt COeq) according to simulation varies betweén2Z2kt CO,-eq (2.5 percentile)

and 5,230kt COeq (97.5 percentile). Figure A212shows the distribution of total G@mission for

year 202.

Monte Carlo analysis shows that with a certainty of 95% total simulated emissions of all categories
excluding LULUCF for the year 1990 @394.52kt CO,-eq) varies betweeR9,109kt COeq (2.5
percentile) and 3016kt COeq (97.5 percentile).

Uncertainty in the trend excluding LULUCF

The Inventory trend excludindJLUCF is-19.62%6, simulatedrend is-20.48%6 and the 95%robability
range of the trend i25.38%6 (2.5 percentile) tel5.5%% (97.5 percentile).

Uncertainty in the emissions including LULUCF
The estimations of C£eq emissions wer20,869.8%kt CO,-e(q for the year 20Pand25,098.2%t CO»-
eq for the year 1990.

Monte Carlo analysis shows that with a certainty of 95% total emissions of categories for the 4ear 202
(21,704.85kt COeq) according to simulation varies betwedh4B9kt COeq (2.5 percentile) and
27,540kt COeq (97.5 percentile).



Monte Carlo analysis shows that with a certainty of 95% total simulated emissions of all categories
including LULUCF for the year 1990 (Z89.03kt CO.eq) varies between Z¥5 kt CO»-eq (2.5
percentile) and B884kt CO,eq (97.5 percentile).

Uncertainty in the trend including LULUCF

The Inventory trend includingULUCF is-16.8%%, simulatedrend is-17.7%b6 and the 95% probability
range of the trend ig11.3% (2.5 percentile) td0.7R% (97.5 percentile).

The results of the Tier 1 approach and the results of the Tier 2 approach are shown in Talble A2.2
(Annex 2).

The results of the uncertainty analysis are used to drive improvements in the inventory. Most efforts
were made to collect detailed information on AD and EFs (especially cespegyfic EFs) in order to
improve the accuracy of the emission calculation.

1.7. General assessment of completeness

1.7.1. Information on completeness

Croatian inventory consists of the emission estimates for the period fror20290

The completeness is evaluated following the IPCC methodology and appropriate use of the following
notation keys: NO (not occurred); NE (not estimated); NA (not applicable); IE (included elsewhere); C
(confidential). Detailed description by activities arabkgs of the status of the emission calculation is
given in correspondin@RT tables.

Generally, the objective of the completeness is achieved in compliance with the capabilities of
Republic of Croatia in collecting adequate and acceptable activity data. The issues related with lack of
activity data are described in sectoral chapters where necessary. The aim of the Croatian inventory is to
include all anthropogenic sources of GHG#ha future.

1.7.2. Description of insignificant categories

Croatia do not havimsignificant categorie€Emission from all mandatory categories are calculated.

1.7.3. Total aggregate emissions considered insignificant

Croatia do not havimsignificantemissions.
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1.8. Metrics

The results are presented as total emissions of all greenhouse gasesdqui€&ents over sectors and

then as emissions for the individual greenhouse gas by sectors. Since the certain greenhouse gases have
different irradiation properties and consequently different contribution to the greenhouse effect, it is
necessary to miuftly the emission of every gas with proper Global Warming Potential (GWP). The
Global Warming Potential is a measure of the impacthengreenhouse effect of the certain gas
compaed to CQ impact which is accordingly defined as a referent value. In that ttesemission of
greenhouse gases is presented as the equivalent emission of carbon dioxige \3he removal of
greenhouse gases occurs (e.g. the absorption patO@crease of wood stock in forests) than it refers

to sinks of greenhouse gases and the amount is presented as a negative value. Global warming potentials
used to calculate G@quivalent emissions are definedRCC Fifth Assessment Report, 2014 (AR5)



Chapter 2: Trends in greenhouse gas emissions

2.1 Description and interpretation of emission trends for aggregated GHG
emissions

The total GHG emissions in 28, excluding removalsybsinks, amounte@5275.4 mil. t CO»-eq
(equivalent C@emissions), which represer#49.6 % emission reduction compared to GHG emission
in the year 1990.

Overall decline of economic activities and energy consumption in the period1994]1 which was

mainly the consequence of the war in Croatia, had directly caused the decline in total emissions of
greenhouse gases in that period. With the entire natiecoabey in transition process, some energy
intensive industries reduced their activities or phased out certain productions (e.g. blast furnaces in Sisak,
primary aluminium production in Gibenik, coke p
GHG emissions reduction. Emissions have started to increase in 1995 at an averagefgberofear,

till 2008. Due tothe decreasing of economic activity within the period 2@088, emission has been

reduéng constantly till 2014 when emissions started to grow slowly

The main reasons of GHG emission increase in the period2@®5was Energy (Public electricity and

Heat production and Transport), Industrial processes (Cement production, Lime production, Ammonia
production, Nitric acid production and Consumption of ld}-@nd Waste. Increase in Public electricity

and Heat production sector is mostly due to higher consumption of liquid fuels. Lately, cement, lime,
ammonia and nitric acid producers reached their highest producing capacity which has reflected on
emission lgels. Waste disposal on land, as well as Wastewater treatment and discharge, have the greatest
impact on emission increase in Waste sector.

The main reasons of GHG emission decrease in the period from 2008 to 2014 was econorag crisis
well astheimplementation of measures for €€mission reduction according to National Action glan

for energy efficiency for the period from 2014 to 80fbr the period from 2024to 201, for the period

from 2020 to 202-and from 2021 to 203MWNamely, because of the economic crisis, thereadasrease

in industrial production and consequentiiecrease in fuel consumption (greatest reduction in fuel
consumption was in Manufacturing industries and construction sector and #iedransport sector),

and it was contributed to the GHG emission decrease.

A decreasein economic activities after 2008 influenced a reduction in cement, lime, and steel
productions.

The results of the greenhouse gas (GHG) emission calculation are presented for tHeoped®80 to
2024. Total emissions/removals of GHG and their trend in sectors are given in Table22t? and
in Figure 2.11 while the contribution of the individual gases is given in Table822114 and Figure
2.1-2.

Table 2.11: Emissions/removals of GHG by sectosthe every five yearSom 1990 to 206 (kt COz-eq)

1. Energy 21,411.7 | 16,031.9 | 18,254.8 | 21,5814 | 19,733.6 | 16,621.1 | 17,026.7
2. Industrial processes and product use | 4,419.5 2,328.1 2,953.5 3,396.1 3,396.7 3,191.6 3,013.7
3. Agriculture 4,324.0 3,051.1 3,004.2 3,256.4 3,015.3 2,674.8 2,624.1
4. Land use, landse change and forestry | -6,348.0 | -8,544.8 | -6,599.4 | -7,983.7 | -6,897.7 | -5,691.5 | -5,709.2
5. Waste 1,291.2 1,374.0 1,511.7 1,605.3 2,000.4 2,147.7 2,145.8
6. Other NO NO NO NO NO NO NO
Total (with LULUCF) 25,098.3 | 14,240.3 | 19,124.8 | 21,855.5 | 21,248.2 | 18,943.8 | 19,101.0
Total (withoutLULUCF) 31,446.3 | 22,785.0 | 25,724.3 | 29,839.3 | 28,145.9 | 24,635.2 | 24,810.3
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Table 2.12: Emissions/removals of GHK/ sectors for thevery yeafrom 2016 to 2024 (kt COz-eq)

Greenhouse gas source and s

2018 2019 2020 2021 2022 ‘

categories

1. Energy 17,400.2| 16,460.3| 16,510.6| 15,561.8| 16,282.8| 16,871.9| 17,644.3| 17,601.7
2. Industrial processes and product ug 3,395.8 | 3,370.9 | 3,541.7 | 3,630.9 | 3,584.1 | 3,266.8 | 3,517.0 | 3,416.7
3. Agriculture 2,727.9 | 2,624.1 | 2,597.7 | 2,634.9 | 2,599.6 | 2,370.7 | 2,269.4 | 2,356.8
4. Land use, landse change an{ -4,822.7 | -5,500.7 | -5,738.4 | -5,629.1 | -5,781.6 | -4,869.4 | -5,568.7 | -4,405.5
5. Waste 2,141.0 | 2,093.1 | 2,052.0 | 1,999.8 | 1,869.7 | 1,933.2 | 1,911.9 | 1,900.2
6. Other NO NO NO NO NO NO NO NO
Total ith LULUCF) 20,842.2| 19,047.7| 18,963.7| 18,198.4| 18,554.7| 19,573.3| 19,773.9| 20,869.9
Total (withoutLULUCF) 25,664.9| 24,548.4| 24,702.1| 23,827.5| 24,336.2| 24,442.7| 25,342.5| 25,275.4
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Tables 2.11, 2,12 and Figure 2-1 represents the contribution of the individual sectors to total
emissions and removals of the GHGs. The largest contribution to the GHGs emissihaer@ading
LULUCF has théenergy sector with®6 %, followed by Industrial Processes and product use 1@th

%, Waste witt¥.5 % and Agriculture witt0.3 %. This structure is with minor changes consistent through
all the observed period from 1990 to220 In the year 24, the total GHG emissions in Croatia was
252754 kt COs-eq excluding LULUCF sectowhile the total emission wa20,869.9 kt COy-eq
including the LULUCF sector which represents removals by sink Iram% in that year



Table 2.13: Emissions/removals of GHG by gases for therg¥ive years from 1990 to 261kt COr-eq)

Greenhouse gas emissions

2000

2005

2010

2015 ‘

CQO; emissions without net GGrom LULUCF 22,885.2 | 16,814.5 | 19,652.7 | 23,295.6 | 20,978.1 | 17,793.9 | 18,079.3
CQO; emissions with net Crom LULUCF 16,490.8 | 8,211.6 12,790.9 | 15,233.3 | 13,959.9 | 11,926.3 | 12,204.6
CH,4 emissions without CiHrom LULUCF 4,914.1 | 3,920.8 | 3,817.2 | 4,169.9 | 4,442.2 | 4,322.4 | 4,301.6
CH, emissions with Clifrom LULUCF 4,916.0 | 3,932.2 | 3,962.3 | 4,173.8 | 44449 | 43419 | 43141
N,O emissions without D from LULUCF 2,518.7 | 2,0159 | 2,192.3 | 2,172.6 | 2,151.5 | 1,568.9 | 1,342.8
N,O emissions with pD from LULUCF 2,563.2 2,062.6 2,309.5 2,247.2 2,269.3 1,725.5 1,495.7
HFCs NO 21.4 49.4 186.5 563.9 944.3 1,079.8
PFCs 1,117.3 NO NO NO NO NO NO
Unspecified mix of HFCs and PFCs NO NO NO NO NO NO NO

Sk 11.1 12.4 12.7 14.7 10.1 5.7 6.8

NF; NO NO NO NO NO NO NO
Total (without LULUCF) 31,446.3 | 22,785.0 | 25,724.3 | 29,839.3 | 28,145.9 | 24,635.2 | 24,810.3
Total (with LULUCF) 25,098.3 | 14,240.3 | 19,124.8 | 21,855.5 | 21,248.2 | 18,943.8 | 19,101.0
Total (without LULUCF, with indirect) 31,446.3 | 22,785.0 | 25,724.3 | 29,839.3 | 28,145.9 | 24,635.2 | 24,810.3
Total (with LULUCF, with indirect) 25,098.3 | 14,240.3 | 19,124.8 | 21,855.5 | 21,248.2 | 18,943.8 | 19,101.0

Table 2.14: Emissions/removals of GHG by gasestfaevery yeafrom 2017 to 2024 (kt COz-eq)

Greenhouse gas emissions

CO, emissions without net GOfrom | 18,713.1| 17,694.5| 17,820.4 | 16,870.1| 17,403.0 | 17,585.2 | 18,467.5| 18,253.2
CO, emissions with net CO from | 13,585.7 | 12,043.8| 11,929.0 | 11,018.7 | 11,468.5| 12,508.8 | 12,770.0 | 13,697.4
CH, emissions without CH from | 4,270.3 | 4,086.3 | 3,995.2 | 3,929.0 | 3,787.3 | 3,720.6 | 3,611.6 | 3,596.6
CH, emissions with Ckifrom LULUCF | 4,371.9 | 4,088.0 | 3,998.9 | 39774 | 3,795.3 | 3,768.2 | 3,613.4 | 3,616.8
N,O emissions without M0 from | 1,448.9 | 1,408.7 | 14116 | 1,446.8 | 1,439.3 | 1,314.8 | 1,324.1 | 1,367.1
N,O emissions with pO from LULUCF | 1,652.0 | 1,557.1 | 1,561.0 | 1,620.7 | 1,584.2 | 1,474.3 | 1,451.0 | 1,497.2
HFCs 1,225.3 | 1,352.4 | 1,466.8 | 1,572.2 | 1,697.0 | 1,812.1 | 1,929.0 | 2,047.7
PFCs NO NO NO NO NO NO NO NO
Unspecified mix of HFCs and PFCs NO NO NO NO NO NO NO NO

Sk 7.2 6.5 8.1 9.4 9.6 10.0 10.5 10.8

NF; NO NO NO NO NO NO NO NO
Total (without LULUCF) 25,664.9 | 24,548.4 | 24,702.1 | 23,827.5| 24,336.2 | 24,442.7 | 25,342.5| 25,275.4
Total (with LULUCF) 20,842.2 | 19,047.7 | 18,963.7 | 18,198.4 | 18,554.7 | 19,573.3 | 19,773.9 | 20,869.9
Total (without LULUCF, with indirect) | 25,664.9 | 24,548.4 | 24,702.1 | 23,827.5 | 24,336.2 | 24,442.7 | 25,342.5| 25,2754
Total (with LULUCF, with indirect) 20,842.2 | 19,047.7 | 18,963.7 | 18,198.4 | 18,554.7 | 19,573.3 | 19,773.9 | 20,869.9
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Figure 2.12: Trend of GHG emissions, by gases
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Tables2.1-3, 2.24 and Figure 2-2 represents the contribution of the individual gasses to total emissions
and removals of the GHGs. The largest contribution to the GHGs emissioPMie@fuding LULUCF

has CQemission with72.2 %, followed by CH with 14.2 %, N.O with 5.4 % and HFCs, PFCs and SF
with 8.2 %.

2.2 Description and interpretation of emission trends by sector

ENERGY SECTOR

The Energy sector is the largest contributor to GHG emissions. In the ydattRO&GHG emission from

the Energy sector wds2 % lower in relation to 203 and17.8 % lower in relation to 1990. The Energy
sector covers all activities that involve fuel combustion from stationary and mobile sources, and fugitive
emission from fuels. The Energy sector is the main cause for anthropogenic emission of greenhouse
gases. ltaccounts for approximately0 % of the total emission of all greenhouse gases presented as
equivalent emission of GOLooking at its contribution to the total emission of carbon dioxide;YCO

the energy sector accounts fooab&.7 % (in 202). The contribution of energy in methane (Lhth

total CQ-eq emission is substantially small2i0(% in 202) while the contribution of energy in nitrous
oxide (NO) in total CQ-eq emission is quite small @% in 202). Emissions from fossil fuel
combustion comprise the majority (more than 95 %) of eneglated emissions. Emission of individual
subsectors is presented in freble2.2-1.




Table 2.21: Energy subsectors total emissiogssbctorsor the period 199@024 (kt COx-eq)

GHG source and sin

categories

1. Energy 21,411.7 | 18,254.8| 21,581.4| 19,733.6 | 16,621.1 | 15,561.8 | 16,282.8 | 16,871.9 | 17,644.3 | 17,601.7

:‘bpr';‘;‘zL)comb”S“O” (sectora 503592 | 17,285.2| 20,545.8 | 18,903.4 | 16,154.3| 15,101.1| 15,833.5| 16,360.4 | 17,191.6 | 17,218.2

1. Energy industries 7,087.3 | 5831.8 | 6,835.5 | 59015 | 4,740.9 | 3,696.1 | 3,769.4 | 4,106.2 | 4,097.4 | 3,180.5

2. Manufacturing industries an{ 51279 | 3,065.0 | 3,695.8 | 2,997.6 | 2,210.8 | 2,404.5 | 2,430.4 | 2,324.6 | 2,450.7 | 2,540.4
construction

3. Transport 3,898.6 | 4,501.4 | 5563.1 | 59489 | 59524 | 57920 | 6,259.3 | 6,731.2 | 7,581.9 | 8,385.7

4. Other sectors 4,245.2 | 3,887.0 | 4,451.4 | 4,055.4 | 3,250.3 | 3,208.4 | 3,374.4 | 3,1984 | 3,061.7 | 3,111.7

. Other IE,NO IE,NO IE,NO IE,NO IE,NO IE,NO IE,NO IE,NO IE,NO IE,NO

5
B. Fugitive emissions from fuels| 1,052.5 | 969.6 1,035.6 | 830.2 466.8 460.8 449.4 511.5 452.7 383.5

1. Solid fuels 66.8 NO NO NO NO NO NO NO NO NO

2. Oil and natural gaand other | ggg 7 969.6 1,035.6 | 830.2 466.8 460.8 449.4 511.5 452.7 383.5
emissions from energ

C. CQ transport and storage NO NO NO NO NO NO NO NO NO NO

The largest part4{.6 % in 202) of the emissions from Energy sector are a consequence of fuel
combustion in Transport, next is the combustion in Energy indusi& % in 202) and third is
combustion in small stationary energy sources, such as Commercial/ Institutional, Residential and
Agriculture/ Forestry/ Fishingl{7.7 % in 2021). Manufacturing Industries and Construction contribute

to total emission from the Energy sector with41%, while Fugitive Emissions from Fuels contribute

with about2.2 %.

INDUSTRIAL PROCESSES AND PRODUCT USE

In Industrial Processes sector, the key emission sources are part of Mineral industry, Chemical industry
and Product uses as ODS substitutes, which all together contribut@/\®4ilin total sectoral emission

in 2024. The iron production in blast furnaces and aluminium production ended in 1992, and ferroalloys
production ended in 2003. Generally, GHG emissions from industrial processes declined from 1990 to
1995, due to the decline in industrial activities causedeynar in Croatia, while in the perio®96 -

2008 emissions slightly increased due to revitalization of the economy. The effects of the economic crisis
influenced the emissions trend from 2008 onwards, followed by a moderate recovery since 2013. The
decrease in emissions from the chemical industry in 2013 and onwards is due to a strong reduction of
N2O emissions from the nitric acid production after applying abatement technology4erssions

from industrial processes wedecreasedy 2.9 % regarding 202 and decreased 82.7 % regarding

199Q Industrial processes and product use contributed to total GHG emissior3Wwiéh in 2024.
Emission of individual subsectors is presented in the Tapl2.
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Table 2.22: Industrial processes subsectors total emissiossttprdor the period 1992024 (kt CO-eq)

GHG source and sink categorie] 1990

2. Industrial processes and producty 4,419.5 | 2,953.5 | 3,396.1 | 3,396.7 | 3,191.6 | 3,630.9 | 3,584.1 | 3,266.8 | 3,517.0 | 3,416.7

A. Mineral industry 1,297.6 | 1,426.4 | 1,809.9 | 1,403.7 | 1,306.4 | 1,359.3 | 1,372.3 | 1,255.5 | 1,259.3 | 1,125.6
B. Chemical industry 1,427.9 | 1,324.8 | 1,234.1 | 1,298.7 | 849.1 593.2 401.8 96.1 219.4 141.6
C. Metal industry 1,458.1 | 30.2 12.7 14.7 9.3 4.9 14.3 13.4 17.9 11.7

D. Nonenergy productdrom fuels | 1955 | 773 1100 | 81.6 58.8 74.1 72.3 62.9 63.5 61.9
and solvent use

E. Electronic Industry NO NO NO NO NO NO NO NO NO NO
F. Product uses as OB8bstitutes NO 49.4 186.5 563.9 944.3 1,572.2 | 1,697.0 | 1,812.1 | 1,929.0 | 2,047.7
G. Other prod. manuénd use 43.7 45.4 43.0 34.0 23.6 27.1 26.5 26.9 27.9 28.3
H. Other NA,NO | NANO | NAINO | NANNO | NANNO | NANO | NANNO | NANNO | NA,NO | NANO

AGRICULTURE

Emission of CH and NO in the Agricultural sector is conditioned by different agricultural activities.

For the emission of CKHthe most important source is livestock farming (Enteric Fermentation) which
makes41.5 % of sectoral C@eq emissionThe number of cattle showed a continuous decrease in the
period from 1990 to 2 As a consequete, this led to Clhlemission reduction. In the year 2000, the
number of cattle has started increasing and this trend was mostly retained until 2006. From 2007 to 2010,
cattle number decreed and remained at approximately the same level in 2013 and 2014. Compared to
2023, in 2@4 CO,-eq emission from Enteric fermentationcreased byl.l %. As for Manure
management emissions, &€ emissiomncreasedby 3.0 % in 202t compared to 22B. Emissions from
Agricultural soils decreased after 1990 and during the war due to specific national circumstances and
limited agricultural practice at that time. Afterwards, the emission trend is mostly influenced by the
changes in the direct soil emiss#® this, emission increase can be noticed in 1997, 2001 and 2002 due
to increase in mineral fertilizer consumption and crop production, later on also due to the increase of
livestock population. C&®eq emission from Agricultural soilacreased in 24 compared to 228 by

4.1%. Overall, in the year 24, the GHG emission from the Agriculture sedtmreased by.9 % in
comparison with 228. Emission of individual subsectors is presented intide2.2-3.

Table 2.23: Agriculture subsectors total emissionssiegtordor the period 199@024 (kt COz-eq)

GHG source and sink categoriey 1990 2000 2005 2010 2015 2021 2022

3. Agriculture 4,324.0 | 3,004.2 | 3,256.4 | 3,015.3 | 2,674.8 | 2,634.9 | 2,599.6 | 2,370.7 | 2,269.4 | 2,356.8
A. Enteric fermentation 2,336.0 | 1,349.7 | 1,458.8 | 1,303.8 | 1,193.8 | 1,091.1 | 1,079.3 | 1,020.9 | 968.7 979.0
B. Manure management 675.9 529.0 576.2 601.5 528.5 468.2 439.4 412.8 392.2 403.9
C. Rice cultivation NO NO NO NO NO NO NO NO NO NO

D. Agricultural soils 1,262.0 | 1,064.7 | 1,136.0 | 1,022.0 | 883.2 980.4 988.7 889.2 880.3 916.5
E. Presc. burning of sav. NA NA NA NA NA NA NA NA NA NA

F. Field burning NANO | NANO | NANNO [ NAINO | NAINO | NAJNO | NAJNO | NANO | NA,NO | NANO
G. Liming NO NO 14.5 215 12.1 6.9 18.7 59 6.4 14.4
H. Urea application 50.0 60.9 71.0 66.6 57.2 88.3 73.6 42.0 21.7 42.9

1. Other carborcont.fertilizers NA NA NA NA NA NA NA NA NA NA

J. Other NA NA NA NA NA NA NA NA NA NA




LULUCF

The Act on Forest (Official Gazette No. N&8/18, 115/18, 98/19, 32/20, 145/20, 101/23, 3p/24
regulates the growing, protection, usage and management of forests and forest land as a natural resource
aimed to maintain biodiversity and ensure management based on principles of economic sustainability,
social responsibility and ecological acceptapilMoreover, one of its the most important provisions,

in the context of climate protection, is that forests should be managed in conformity with the sustainable
management criteria, implying the maintenance and enhancement of forest ecosystems and their
contribution to the global carbon cycle. Planning activities in the forestry sector in Croatia are also
regulated by the Low on Forest. Forest management plans determine conditions for harmonious usage
of forest and forest land and procedures in that ae@essary scope regarding cultivation and forest
protection, possible utilization degree and conditions for wildlife management. The Forest Management
Area Plan (FMAP) for the Republic of Croatia determines the ecological, economic and social
backgrounddr forest improvement in terms of biology and for the increase of forest productivity.

According toNational forestry accounting plan for the Republic of Croa#embeR019), the forests

and the forest land cover 47.5 % of the total surface area. By its origin, approximately 95 % of the forests
in Croatia were formed by natural regeneration (according to the national definitions applied in the
sector) and the 5 % of the fate are grown artificially. The Plan determines, the growing stock of about

398 millions of ni while its yearly increment amounts around 10.5 million m3. The mostidreq

species are Common Beech (Fagus sylvatica), Pedunculate Oak (Quercus robur), Sessile Oak (Quercus
petrea), Common Hornbeam (Carpinus betulus), Silver Fir (Abies alba), Nexafed Ash (Fraxinus
angustifolia), Spruce (Picea abies), Black Alder (Alngkitinosa), Black Locust (Robinia
pseudoacacia), Turkey Oak (Quercus cerris) and other.

The methodology used for G@emoval calculation is taken from the IPCC and it is based on data on
increment and fellings. The problem of deforestation in Croatia does no#edstding to present data,
the total forest area has not been reduced in the last 100 years

Table2.2-4 shows the C@removal trend in the forestry sector. Removals arisen in the LULUCF sector
contribute with17.4 % to the total emissions of G@q in Croatia including LULUCF in the year2D

Table 2.24: Emission trends LULUCF sector from 199@023 (kt COz-eq)

CRY EoUEs Enil Sl e 2000 2005 2010 2015 2020 2021 2022 2023 2024

categories

LULUCF removals -6,348.0 | -6,599.4 | -7,983.7 | -6,897.7 | -5,691.5 | -5,629.1 | -5,781.6 | -4,869.4 | -5,568.7 | -4,405.5

WASTE

Waste sector includes the following categories: solid waste disposal, biological treatment of solid waste,
incineration and open burning of waste and wastewater treatment and discharge. Solid waste disposal
represents dominant Gldmission source from sector Waste.

Emissions from solid waste disposal accoth® % of sectoral emissions in 202Zompared t@d2.8 %

in 1990. An increase in generated and deposited of solid waste exists during the reporting period. In
recent years, the increasing trend is slower in waste generation, while decreasing trend occurs in waste
disposal, compared to the previous periodugriced by the implementation of the measures undertaken

to avoid/reduce and recycle waste, which are still not sufficiently applied.

Emissions from wastewater treatment and discharge ac@&meo of sectoral emissions in 242
compared td5.3 % in 1990. Decrease in emissions during the reporting period mainly is a result of
population decrease as well reduction of economic activity after 2008 and a declining fluctuating trend
in the industrial production.

57



Biological treatment of solid waste and incineration and open burning of waste have considerably lower
contribution to the sectoral emissions during the reporting period.

Waste sector contributes to total GHG emissions W86 in 202. Emission of individual subsectors
is presented in the Table 2.2.5.

Table 2.25: Waste subsectors total emissions by sectors for the perioe20290kt COz-eq)

GHG source and sink categorie

5. Waste 1,201.2 | 1,511.7 | 1,605.3 | 2,000.4 | 2,147.7 | 1,999.8 | 1,869.7 | 1,933.2 | 1,911.9 | 1,900.2
A. Solid waste disposal 552.6 | 7975 | 919.1 | 1,311.0 | 1,493.3 | 1,428.6 | 1,301.5 | 1,378.4 | 1,350.9 | 1,352.1
B. Biologicaltreatment of solid wast NO 1.4 2.3 3.7 19.4 23.2 29.1 39.0 44.5 42.0
vsa-lst;“d“era“"”a“d open bumingf | 53 9 17.8 10.8 118 10.1 8.0 7.4 7.2 7.2 7.2

d'?s-char‘é‘fsw water treatmenand | 7946 | 6951 | 673.0 | 673.9 | 6250 | 5400 | 5317 | 5085 | 5002 | 499.0

E. Other NO NO NO NO NO NO NO NO NO NO




Chapter3: Energy(CRT sectorl)

3.1 Overview of sector

For the emission calculatidor the period from 1990 to 2@ National energy balanagasused.

Institutional arrangement for creating national energy data bakdened intheOrdinance on Energy
balance (O@3200B). This ordinace defines the content and manner of delivery of data that the bodies
of state authorities, bodies of local and regionalgelfernment units and energy entities are obliged to
submit.

The following entities are obligated to deliver data for energy balance:

- Data of the Central Bureau of Statistics on production, consumption of raw materials and
energy consumption in all industrial plants in Croatia,

- Data of the Central Bureau of Statistics on all legal entities in Croatia,

- Data from the Monthly Natural Gas Consumption Survey in individual sectors of
consumption foall-natural gas distribution companies in Croatia,

- Data from the annual coal consumption survey in individual sectors of consumption for the
quantities of coal sold through all coal trade companies in Croatia,

- Customs Administration Data on Annual Import and Export of All Fuels by Tariff Items for
All Importers / Exporters.

Apart from the data listed in the relational databases, additional data from the Croatian Electric Power
Industry, INA and other sourcegerealso used.

The annual energy balance is a special form of statistics that tracks the flow of energy from the
appearance in the energy system to their delivery to the immediate users, ie to their transformation into
some of the useful forms of energy.

National energy balancgasestimated with the same methodology and approach for the whole period
from 1988 till2024.

In 2014 project named O66Technical assistance in
documents on the data quality and i mproving the
Pogar was |l unched. Thi sewprkalthedRAROONRragrarhnaeandcolvezed i n
the area of energy statistics and improvement of methodologies of data collection in the final energy
consumption sectors: households, services and transport. The Himpodject was to determine the

energy casumption indicators based on the survey of energy consumption and according to
EUROSTATOG6s | ist of variables and models for cal
determine actual consumption of fuel on domestic and international routesharsdamtietermine real
consumption of solid biomass commercial and residential sector. The revised wvéldesl
consumptions were available for the whole period from 1990 to 2013 and were used to calculate
emissions from Transport and Other sectors.

3.1.1. Connection of energy balance and industrial processes over fuel consumption

Determiningtotal emissions(fuel emission+row material emission) categorie?.A.1, 2.A.C. and
2.B.8. is a complex task, since the Energy Balanemjssions reporting, emissions trading and
association statistics differ widely in terms of thanderlying methoddn Croatia there is no accurate
information by which to disaggregate the emissions between energy and processesussons due
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to the consumption of coke, coal or other reducing agents useddertemt production and iron and
steel industry have been accounted for as fuel consumption and reported in the energy sector (1.A.2).

For examplen Iron andsteelindustry ©ke in the blast furnace has several roles:

- the combustion of coke produces carbon monoxide which is responsible for the reduction of
iron ores;

- the combustion of coke generates the heat needed to melt the iron ore;
- coke mechanically supports the charge allowing the crossing of the reducing gas;
- coke allows the process of carburation of liquid iron by lowering its melting point.

Coke when burning simultaneously produces energy in the form of heat and CO as a reducengdagent
these properties of the coke can betseparated one from the anotiésaggregation wouldot reflect

the real situation skeaving thefuel emissiongrom the use of coke in the iron and steel industry in the
energy sector is appropriata.that way emissions are natoublecountd.

3.1.2. Overview of the energy situation

Primary sources of energy that are produced in Croatia are fuelwood, crude oil, natural gas, renewables
and hydropower. Coal production stopped in 2000. Primary epeoglyiction for the 1990, 2002005,
201Q 2015and period from 2B0to 24 is presented in the Table 311

Table 3.11: Primary energy production

Coal and coke 4.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fuel wood 36.17 | 41.92 | 52.08 | 56.06 K 64.15 | 63.26 | 69.88 K 66.68 | 62.14 | 61.83
Crude oil 116.19 | 56.52 | 43.30 | 32.02 | 29.02 | 27.70 | 26.45 | 25.41 | 24.48 | 22.99
Natural gas 67.80 | 56.72 | 78.09 | 92.73 | 61.61 | 29.52 | 26.11 @ 26.30 | 25.58 | 24.09
Hydro power 1410 | 23.23 | 25.33 | 32.85 | 23.01 | 20.38 | 25.66 | 19.65 | 29.38 | 24.76

Nornrrenewable waste¢ 0.00 0.06 0.18 0.32 0.39 1.63 1.89 1.94 2.07 3.51
Renewables 0.00 0.06 0.49 2.44 6.66 13.77 1560 @ 15.05 | 16.12 @ 16.90

Total 238.47 | 178,50 199.47 216.42 | 184.82 | 156.27 | 165.59 @ 155.02 @ 159.78 154.09

Figure 3.11 presents the trends in the primary energy production from 199@40 20



Figure 3.11: Trends in primary energy production for the period from 1990 24 20
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In 1990 primary energy production was abo88.2 PJ, which is35.4 % higher comparing to 24. In
2024, the tdal primary energy productiatecreased b.6 % with relation to 2@3. Comparing to 228,
the energy production fromenewablesncreased by.8 % in 2@4. The production of natural gas
decreasedy 5.8 %. Production ofcrude oildecreased b§.1 %, hydropowerproductionby 15.7 % and
fuelwood productior®.5%.

While in 1990 the share tifjuid fuelsin primary energy production was the highest one 4@y %,
in224i t s 6 s b48® Poeln 2®4,dhe share oFuel woodwas highes$ one with40.1 %. The
comparison of shares in primary energy productions for the 1990 @4&R0presented in Figure 3.1
2.

Figure 3.12: Shares of individual energy forms in the total production for the 1990 &4d 20
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Primary energy supply

Total primary energy supply is determined by adding the import and subtracting the export of all primary
and transformed energy forms to the total primary energy supply. Primary energy supply for the 1990,
2000, 20052010, 201%nd period from 2B0to 24 is presented in the Table 21
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Table 3.12: Primary energy supply

1990 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 ‘ 2024

Coal and coke 34.10 | 18.07 | 28.62 | 28,57 H 25.34 | 1512 17.39 | 17.03 | 14.47 9.82
Liquid fuels 203.22 | 166.50 | 189.30| 156.08 136.04 116.64 123.58| 137.87 150.83 | 161.00
Natural gas 91.88 | 92.50 | 99.52 | 110.21 87.17 | 105.73 101.71 89.30 | 95.83 87.55
Hydro power 1410 | 23.23 4 2533 | 32.85 | 23.01 § 20.38 | 25.66 @ 19.65 | 29.37 24.76
Biomass 36.17 | 41.92 | 52.08 | 52.10 | 52.68 | 54.94 | 60.17 | 57.65 55.69 | 53.55
Renewables 0.00 0.06 0.49 2.10 7.00 16.47 | 19.35 | 15.89 | 16.30 17.05

Non-renewable waste 0.00 0.06 0.18 0.32 0.39 1.63 1.89 1.94 2.07 3.51

Electricity 2477 | 1232 | 1587 | 14.28 | 2444 | 16.70 | 14.26 | 16.90 @ 5.68 15.69
Gross inland | 404.25 | 354.66 | 411.39  396.53  356.06 | 347.62 364.02 | 356.22 | 370.23 | 372.92
consumption

Figure 3.13 presents the trends in the primary energy supply from 1994 20

Figure 3.13: Trends in primary energy supply for the period from 1990 8420
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In 1990the primary energy supply was abot@4.25PJ, which is7.7 % higher comparing to 24. In

2024, the total primary energy suppigcreased b¥.7 % in relation to the previous year. There was an
increase in renewable energy sourfesiwoodandnatural gasvhile consumptiomf coal and cokand

liquid fuelsdecreased-dydropower energy supplgecreased byl5.7 % with relation to 2@3. Figure

3.1-4 presents comparison of the shares of individual energy forms in the total primary energy supply
for the 1990 and 224.



Figure 3.14: Comparison of the shares of individual energy forms for the 1990 &4d 20
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Liquid fuels had the largest share in total primary energy supply in 1990 as weRG&l i{50.3 % in

1990 and43.2 % in 2(@4). It was followed by the natural gas walshare of approximately3s %.

The basis for estimating the GHG emissions from Energy sector is the national energy balance. Data on
production, imports, exports, stock change and consumption of fuels are reported both in natural units
(kg or ) and energy units (PJ). National energy balance fa4 20presented in Annex 4. For easier
comparison of data from energy balant®e natural units are transformed to energy units using
appropriate national net calorific values (Table-3)1

Table 3.13: National net calorific values, G@mission factors and oxidation factors fo220

Motorni benzin Motor Gasoline G/t 445900 @ 69.30 1
Aviobenzin Aviation Gasoline GJit 445900 | 70.00 1
Kerozin (Mlazno gorivo) Jet Kerosene GJit 439600 | 7150 1
Di zel i e k st r Gas/Diesel Oil GJit 427100 | 74.10 1
(plinsko ulje)

Logivo ulje Residual Fuel Oil G/t 401900 | 7740 1
ulje

Ukapljeni naftni plin Liquefied Petroleum Gase: GJ/t 46.8900 | 63.10 1
Maziva Lubricants GJit 335000 | 73.30 1
Naftni koks Petroleum Coke GJit 310000 | 97.50 1
Petrolej Petroleum G/t 439600 | 7330 1
Antracit Anthracite G/t 293100 @ 9830 1
Kameni ugljen Other bituminous coal G/t 259170 @ 94.60 1
Industrija Industry

Kameni ugljen Other bituminous coal GJit 244700 | 93104 1
Termoelektrane Thermal power plant

Ugljen za proizvodnju koksi Coking coal G/t 282000 @ 94.60 1
(koksni ugljen)

Mr ki ugl j en Sub bituminous coal G/t 157000 | 96.10 1
Industrija Industry

Lignit Lignite GJit 115000 | 10100 1
Briketi kamenog ugljena Brown coal briquettes GJit 20.7000 | 9750 1
Koks Coke oven coke GJit 293100 | 10700 1
Prirodni plin Natural Gas GJ/1Gm3 | 37.0000 | 56.10 1
Gradski plin Gas Works Gas G/t 387000 @ 4440 1
Koksni plin Coke Oven Gas GJit 387000 @ 4440 1
Rafinerijski plin Refinery Gas Gt 426000 | 57.60 1

The structure of energy consumption of fossil fuels from 192W2d is shown in Figure 3:5.
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Figure 3.15: Structure of energy consumption
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Liquid fossil fuels are mainly used wittshare between 50 to 85, and natural gas with approximately
30%, whiletheshare of solid fossil fuels is between 3 ta%a1Fuelwoods and biomatssed fuels are
neutral regarding C£emission, therefore are not shown in the Figures3.1

3.1.3. Overview of emissions

Energy sector covers all activities that involve fuel combustion from stationary and mobile sources, and
fugitive emission from fuels.

The Energy sector is the main cause for anthropogenic emission of greenhouse gases. Itfaccounts
approximately70% of the total emission of all greenhouse gases presented as equivalent emission of
CO.. Looking at its contribution tthetotal emission of carbon dioxide (gQOthe energy sector accounts

for about @ % in 2024. The contribution of energy in methane ({lEmission is substantially smaller

(14 %) while the contribution of energy in nitrous oxidex(N emission is 8 % in 2024.

During complete combustion, the carbon contained in fuel oxidizes and transforms ntwiti®
through the incomplete combustion the small amounts af C8 and NMVOC emissions also appear.

The CQ is the most important greenhouse gas from fuel combustion. The emission dé@Dds on

the quantity and type of fuel usethe specific emission is the highest durthg combustion of coal,

then oil and natural gas. A rough ratio of specific emission during combustion of the stated fossil fuels
is 1: 0.75:0.55 (coal: oil: gas).

There are some other gases generated from fuel combustion such as methpaad®@Hrous oxide

(N20), and indirect greenhouse gases such as nitrogen oxides (NOx), carbon monoxide (CO) and non
methane volatile organic compounds (NMVOC). The indirect greenhouse gases participate in the process
of creation and destruction of ozone, which is one of the &H® the framework of the IPCC
methodology, the calculation of sulphur dioxide ¢S@mission is also recommended. The sulphur
dioxide as a precursor ofilphate and aerosols has a negative impact on the greenhouse effect because
the creation of aerosols removes heat from the atmosphere.

The fuel fugitive emission which is generated during production, transport, processing, storing and
distribution of fossil fuels, is also estimated. These activities produce mainly the emission ah@H
smaller quantities of C£&and NO, NMVOC, CO and NOXx.

Emissions from fossil fuel combustion comprise the majority (more tao)9of energyrelated
emissions. Contribution of individual subsectorsthie emission of greenhouse gases, for the last



estimated yea2024), is presented in the Table 3Wwhile contribution of individual subsectors to GHG
emission for the period 1998024 is presented in Figure 36

Table 3.14: Contribution of individual subsectors to emission of greenhouse gas2eor

GHG categories

S I [T

Total

ENERGY 16,868.45 18.19 0.84 17,601.72 100.00
A. Fuel combustion activities 16,625.63 13.17 0.84 17,218.17 97.82
1. Energy industries 3,138.05 0.56 0.10 3,180.49 18.07
a) Electricity and heat production 2,136.13 0.55 0.10 2,177.34 12.37
b) Petroleum refining 702.89 0.01 0.00 703.83 4.00
¢) Manufacture of solid fuels 299.03 0.01 0.00 299.32 1.70
2. Manufacturing ind. and constr. 2,519.28 0.32 0.05 2,540.36 14.43
3. Transport 8,299.12 0.37 0.29 8,385.65 47.64
a) Civil aviation 30.79 0.00 0.00 31.03 0.18
b) Road transport 8,059.65 0.35 0.26 8,138.83 46.24
¢) Railways 54.12 0.00 0.02 59.72 0.34
d) Navigation (domestic) 154.56 0.01 0.00 156.07 0.89
4. Other sectors 2,669.19 11.92 0.41 3,111.67 17.68
5. Other NO NO NO NO NO
B. Fugitive emissions from fuels 242.81 5.02 0.00 383.54 2.18
1. Solid fuels NO NO NO NO NO
2. Oil and natural gas 242.81 5.02 0.00 383.54 2.18
C. CQ transport and storage NO NO NO NO NO
Figure 3.16: CO-eq emissions from Energy sector by subsectors in-2020
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The largest partd{/.6 %) of the emissions are a consequence of fuel combustion in Transport, then the
combustion in Energy industries81 % in 2024) and the combustion in small stationary energy sources,
such as Commercial/Institutional, Residential and Agriculture/Forestry/Fishihg o in 2024).
Manufacturing Industries and Construction contribute to total emissiortlfreBnergy sector witi4.4
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%, while Fugitive Emissions from Fuels contribute ab2@t%. The majority of energyelated GHG
emissions belong to G@I1 to 95%), then follows CH (3 to 9%) and NO (less than %v).

Greenhouse gases are also generated dimengpmbustion of biomass and biomdsssed fuels. The

CO, emission from biomass, in line with IPCC guidelines, is not included in the national emission totals
because emitted GOad been previously absorbed from the atmosphere for growth and development of
biomass. Removal or emission of &dde to the changes in the forest biomass is estimated in the Land
Use, Landuse Change and Forestry sector.

The emission from fuel combustion in international air and waterborne transport is reported separately
and it has not been included in the national emission totals.

3.1.3.1.  Energy sector key sources

In the Energy sector, fifteen source categories represent key source category regardless of LULUCF
(detailed in Table 3-5).

Table 3.15: Key categories in Energy sector based on the level and trend asses6afht in

1. Energy
1.A.1 Fuel combustionEnergy Industries Biomass N O Yes T2e
1.A.1 Fuel combustionEnergy Industries Gaseous Fuels co Yes Lle L2e | Tii L1i Tle T2e
1.A.1 Fuel combustionEnergy Industries Liquid Fuels co Yes Lle Tii T2i L1i Tle T2e
1.A.1 Fuel combustionEnergy Industries Solid Fuels co Yes Lle T1i L1i Tle
1.A.2 Fuel combustionManufacturing Industries and ConstructioBaseous Fuels co Yes Lle L2e @ Tii L1i Tle T2e
1.A.2 Fuel combustionManufacturing Industries and Constructioniquid Fuels co Yes Lle L2e | Tii L1i Tle T2e
1.A.2 Fuel combustionManufacturing Industries and ConstructioBther Fossil Fuels co Yes Lle T1i L1i Tle T2e
1.A.2 Fuel combustionManufacturing Industries and ConstructioBolid Fuels co Yes Lle Tl T2i L1i Tle T2e
1.A.3.b Road Transportation co Yes Lle L2e @ Tl T2i L1 L2i Tle T2e
1.A.3.b Road Transportation N O Yes L2e L2i T2e
1.A.3.d Domestic NavigationLiquid Fuels co Yes Lle L1i
1.A.4 Other SectorsBiomass CH Yes Lle L2e L1i L2i
1.A.4 Other SectorsBiomass N O Yes L2e
1.A.4 Other SectorsGaseous Fuels co Yes Lle L2e | Tl T2i L1i Tle T2e
1.A.4 Other SectorsLiquid Fuels co Yes Lle L2e @ T1i T2i L1i Tle T2e
1.A.4 Other SectorsLiquid Fuels N O Yes L2e
1.A.4 Other SectorsSolid Fuels co Yes T1i Tle
1.B.2.a Fugitive Emissions from Fuel®il and Natural Gas Oil co Yes T1i T2e
1.B.2.a Fugitive Emissions from Fuel®il and Natural GasOil CH Yes Tii T2i Tle T2e
1.B.2.b Fugitive Emissions from Fuel®il and Natural GasNatural Gas CH Yes L2e T2i L2i T2e
1.B.2.b Fugitive Emissions from Fuel®il and Natural GasNatural Gas co Yes Lle L2e @ Tii T2i L1i L2 Tle T2e

Lle- Level excluding LULUCF Tier 1 Tle- Trend excluding LULUCF Tier 1

L2e - Level excluding LULUCF Tier 2 T2e- Trend excluding LULUCF Tier 2

L1i - Level including LULUCF Tier 1 T1i- Trend including LULUCF Tier 1

L2i - Level including LULUCF Tier 2 T2i - Trend including LULUCF Tier 2

3.1.3.2.  Ozone precursors and Sé€missions

The emissions of indirect greenhouse gasesx(NED and NMVOC) and SQare described in this
chapter. Ozone precursors are cause of greenhousérgpsspheric ozone, whereas S@s added to

a list of pollutants first time in Revised 1996 IPCC Guidelines for National GHG Inventories due to the
importance of this gas from the position of acidification and eutrophication. Emissions of indirect GHGs
for the whole time period, from 1990 to 20 was set up according to the EMEEA methodology.
Emissionswere bt ai ned from the emission inventory repol
Report for 2@4, under Conventionon Longange Transboundary Air Poll u
Croatia's obligation in the framework of the Leramge Transboundary Air Pollution Convention
according to the Act on Air Protection (Qi@7/19, 57/22 13624).



NOx emissions

The NGk emission encompasses nitrogen monoxide and nitrogen dioxide emissions. The emissions are
expressed as equivalents of NQIOx is a pollutant that causes acidification and eutrophication.
Together with volatile organic compounds and other reactive gasem® mtmosphere, and ithe
presence of solar radiation, IN@kes part in ground ozone formation.

Figure 3.17: NOx emissions from Energy sector in the period 12024
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Figure 3.18: COemissions from Energy sector in the period 12024
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NMVOC emissions

Non-methane volatile organic compounds are important because they are pretmutsgpespheric
ozone formationSome of them may have undesirable ecotoxicological properties, for exaemeene
and xylene.

Figure 3.19: NMVOC emissions from Energy sector in the period 12624
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Figure 3.110: SG:emissions from Energy sector in the period 12024
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3.2 Fuel combustion@RT 1.A)

3.2.1. Comparison of the sectoral approach with the reference approach

The methodology used for estimating £&nissions follows the 2006 IPCC Guidelines. The emission

of CQ,is calculated using two different approachbs:Reference approach atitk Sectoral approach.
Sectoral emission estimates are based on fuel consumption data given in National Energy Balance, where
energy demand and supply is giveeaufficiently detailed levelwhich allows emissions estimation by
sectors and subsectors. tine Reference approaclthe input data are production, import, export,
international bunkers and stock change for primend secondary fuel. Comparison between these
approaches was made and presented in Annex 3. The total differences in fuel consumptiop and CO
emissions fothe chosen years are given in Table-3.2

Table 3.21: The fuel consumption and @@missions from fuel combustion (Reference & Sectoral approach)

Fuel consumption (PJ)
SA 279.52 239.73 281.19 262.39 221.38 213.39 221.94 228.86 241.50 240.31
Appar. 292.28 235.03 279.50 260.74 221.51 211.76 221.83 232.43 246.99 242.54
Diff.(%) 4.57 -1.96 -0.60 -0.63 0.06 -0.77 -0.05 1.56 2.27 0.93

CO2 emission (kt)

RA 20,164.7 16,6994 | 19,9773 | 18,439.4 15,7494 @ 14,556.4 | 15,379.1 16,0487 | 17,0768 | 16,839.5
SA 19,674.8 | 16,636.4 19,8%.0 | 18,233.1 | 15,528.2 14,5131 | 15,2025 | 15,7656 | 16,5927 @ 16,625.6
Diff.(%) 2.49 0.38 0.61 1.13 1.42 0.30 1.16 1.80 2.92 1.29

The CQ emission calculated lireSectoral approach is lower in comparisoth®Reference approach.
The difference is relatively small (less thafe). The most important difference between sectoral and
reference approach is in liquid fuels consumptibable 3.22.).

Table 3.22: The fuel consumption and @@missions from liquid fuels combustion (Reference & Sectoral approach)

Fuel consumption (PJ)

SA 176.65 152.20 172.64 142.54 127.15 109.01 114.77 124.63 135.53 145.68
Appar. 186.94 147.50 171.37 141.21 125.77 107.37 114.64 128.19 141.02 148.27
Diff.(%) 5.83 -3.09 -0.73 -0.93 -1.08 -1.50 -0.11 2.86 4.05 1.78

CO2 emission (kt)

RA 13,080.7 | 11,0771 | 12,840.7 | 10,6267 | 9,4973 8,008.7 | 8,59.0 9,4129 10,429.0 ' 10,902.0
SA 12,797.9 | 11,0404 @ 12,700.4 | 10,412.1 | 9,270.1 | 7,9532 8,369.9 | 9,1265 9,946.4 | 10,644.3
Diff.(%) 2.21 0.33 1.10 2.06 2.45 0.70 2.26 3.14 4.85 2.42

The Sectoral Approach is based on sectoral energy consumptiomhdaeasthe Reference Approach
is based on net quantities of fuel imported and produced in Croatia. Apparent consumption (in tonnes)
is derived from imports and exports of primary fuels (crude oil, natural gas, coal), secondary fuels
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(gasoline, diesel oil etc.) and stock changes. For crude oil, a single value for carbon content and net
calorific value is applied, although these properties may vary depending on origin. For solid, gaseous,
secondary liquid and other fuels, the same qadmmtent values and net calorific values are applied as

in the Sectoral Approach.

In order to adequately compéate Reference anthe Sectoal approachsome inconsistemes withthe

IPPU sector occur. Detailed elaboration of the comparison methodology is given for p@lbtar
amount of natural gas used to calculate emissiotise@ectoral approach is calculated witip-down
approach as Energy suppliechon-energy use losses (87.147.151.1=68.92 PJ). From this amount
natural gas consumed the Transformation sector in NGL plant (0.42 PJ) and Gasworks (0.01 PJ)
should be sbtracedbecause¢heseamounts are used as feedstocks. Amount off@@n natural gas in
NGL plant is embdded in gasoline antheamount of CQfrom natural gas in gas works is egdokd

in gas works gas. Sbetotal amount of natural gas usedtlie Sectoral approach is 68.49 PJ which is
identical toCRT value mentioned ithe question.

To conciliate Reference witbectoral approach in "Apparent energy consumption excludingadengy

uses" amount of natural gas which is lost and amounts of natural gas used in Transformation sector in
NGL plant (0.42 PJ) and Gasworks (0.01 PJ) are added temangy consumption. Tdtamount of

natural gas that is not part of sectoral combustion processes for 2015 is 18.68 PJ
(17.15+1.1+0.42+0.001).

In table 1A(b) amount of carbon not emitted is calculated as a multiplication 18.68 PJ and FE for C (15.3
kg/GJ).

In table 1.A(d) only amount of natural gas specified in Croatian energy balance-asangpy use
Petrochemical industry is entered. £&nission is calculated using default carbon content. This CO
emission is lower than GGpecified in Table2(l)s1 because accordingd06 IPCC Guidelinesmount

of CO; recovered is subtracted.

The main cause of difference between Reference and Sectoral Approach is that the energy and carbon
content of crude oil may vary over time. However, no data are available to quantify this effect.

In 2022 consumption of solid fuel and G@mission are the same for both approacheselisaw for
gaseous fuels.

Small difference appear in Other fuels consumption becautieei®ctoral approach fossil part of
biodiesel is added but the Referenceapproach is missing (Table 332).

Table 3.23: The fuel consumption and G@missions from other fuels combustion (Reference & Sectoral approach)

Fuel consumption (PJ)

SA NO NO NO 0.32 0.39 1.63 1.88 1.94 2.07 3.51
Appar.consum. NO NO NO 0.32 0.39 1.63 1.88 1.94 2.07 3.51
Diff.(%) NO NO NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00
COz emission (kt)

RA NO NO NO 45.63 55.77 233.13 | 270.48  276.71 | 295.94 | 501.86
SA NO NO NO 46.07 59.67 243.63 | 282.72 | 280.07 | 295.98 | 501.93

Diff.(%) NO NO NO -0.95 -6.54 -4.31 -4.33 -1.20 -0.02 -0.01



Comparison ofhe Croatian balance with IEA balance

I n the O06Report of the individual review of the
noted some issues concerning discrepancies between the data submitted to IEA and the data reported in
the Croatian energy balance. The reasonsHedifferences are:

Production of liquid fuels in Croatian balance is systematically lower-B§ % because there is
methodology differences in presenting total consumption of crude oil by IEA and Croatian energy
balance. According to IEAhe only production of LPG, ethane and pentane (natural gas liquids) are
reported as products of NGL plant.tire Croatian energy balance except output of NGL plant, input of
natural gas and gas condensate are noted too.

Imports of sukbituminous coal and lignite reported tine Croatian energy balance appear to all be
classified as lignite in the IEA data.tlme Croatian energy balang@ere isabalance of bituminous coal,

a balance of hard coal arabalance of lignite. Today, all amounts are from the import, while in past
smaller production of solid fuels existed in Croatia. In IEA methodolthgghalance of hard coal and
lignite are presented together as lignite.

3.2.2. International bunker fuels

The CQ emissions from the consumption of fossil fuels for aviation and marine international transport
activities, as required by the IPCC methodology, are reported separately and not included in national
emission totals. The fuel consumption (PJ) and-€emissions for International Aviation and Marine
Bunkers are shown in the Table 3.2

Table 3.24: Fuel consumption and G&@q emissions for International aviation and marine bunkers

Fuel consumptionT)

Aviation 6945.68 | 2813.44  3604.72 4132.24 | 4884.02 2259.54 | 4114.66 7785.32 8,339.21 10273.45
bunkers

Marine bunkers| 1936.81| 757.39 | 1047.78 254.96 @ 144.45 | 852.66 @ 996.87 | 789.58 | 977.00 589.40
Total bunkers | 8882.49 3570.83 4652.5 | 4387.2 | 5028.47| 3112.2 | 5111.53| 8574.9 @ 9316.21 11059.78

CO,-eq emission (kt)

Aviation 500.39 | 202.69 | 259.70 | 297.70 | 351.86 | 162.79 | 296.44 | 560.89 | 600.79 740.14
bunkers

Marine bunkers| 148.64 | 58.17 80.58 19.82 11.07 64.33 75.18 60.01 74.06 43.67
Total bunkers | 649.03 | 260.86 | 340.27 | 317.52 | 367.81 | 229.38 | 375.73 | 628.68 | 674.85 799.63

Total CQ-eq from the international bunker 2024 amounted t@99.63 kt which is18.5 % higherthan
in 2023 as a result ofiigherfuel consumption in thenternational aviation

Marine bunkers

International marine bunkers are includedha Croatianenergy balance for the period from 1994 to

2024, as separate data. Until the year 1994, international marine bunkers are based on expert estimation.
From 1994 distribution of fuels in category marine bunkers in Croatia is handled by compan@ilNA
Industry dd segment activity SD Retail trade. Questaire which is filled by the Croatian oil company

INA on fuel consumed in domestic and international navigation is used for fuel statistics data.
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In 2013 review process ERT noticed some discrepancies between the fuel consumption data in IEA and
CRT tables for marine bunkers. Comparison of this data are given in take 3.2

Table 3.25: Comparison of fuel consumption data for marine bunkers for the period from 199@to 201

Gas-Diesel Oil

DataType Product Item1 Flow 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
BALANCE GASDIES  |BUNKERS _|International marine bunkers 19 14 14 12 7 12 14 7
HR balance 0 0 0 0 13.6 13.7 13.2 6.9 12.2 13.6 7.1
difference -19.0 0.0 0.0 0.0 -0.4 -0.3 1.2 -0.1 0.2 -0.4 0.1
Residual Fuel QOil

DataType Product Item1 Flow 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
BALANCE RESFUEL  |BUNKERS | International marine bunkers 28 31 ig) 7 17 14 8 il
HR balance 0 0 0 0 31.1 19.2 23.9 16.9 13.9 7.5 11.3
difference -28.0 0.0 0.0 0.0 0.1 0.2 6.9 -0.1 -0.1 -0.5 0.3
Gas-Diesel Oil

DataType Product Item1 Flow 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
BALANCE GASDIES  |BUNKERS | International marine bunkers 13 11 6 8 9 7 4 1 i il

HR balance 13.3 11 6.2, 7.8 9.1 6.4 4.4 0 1.4 0.7, 1.3 0
difference 0.3 0.0 0.2 -0.2 0.1 -0.6 0.4 0.0 0.4 -0.3 0.3 0.0
Residual Fuel Oil

DataType Product Item1 Flow 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
BALANCE RESFUEL  |BUNKERS | International marine bunkers 16 13 16 16 16 13 20 22 6 6 23

HR balance 15.5 12.6 16 15.8 16.4 13.3 20.1 21.7 5.6 5.6 23.1 0
difference -0.5 -0.4 0.0 -0.2 0.4 0.3 0.1 -0.3 -0.4 -0.4 0.1 0.0

All data for the IEA must be rounded to whole numbers and datatfremational energy balance are
not rounded. This is result of small differences. Errors in fuel consumption daémational report for
the period from 1990 to 1994 and for 1996 are revised.

Aviation bunkers

In 2014 project named O66Technical assistance in
documents on the data quality and i mproving the
Pogar was |l unched. Thi sewprkalthedRAROONRragrarhnaeandcolvezed i n
the area of energy statistics and improvement of methodologies of data collection in the final energy
consumption sectors: households, services and transport. The Himpodject was to determine the

energy casumption indicators based on the survey of energy consumption and according to
EUROSTATOG6s | ist of variables and models for <cal
determine actual consumption of fuel on domestic and international routesvisedrvaluesf fuel
consumptions were determined for the whole period from 1990 to 2014 and were used to calculate
emissions from Aviation Bunkers.

3.2.3. Feedstocks and neanergy use of fuels

Non-energy fuel consumptions (fuels used as feedstock) and appropriate emissions, where one part or
even the whole carbon is stored in product for a longer time and the other part oxidizes andhgoes to
atmosphere, are described here. The feedstock use of energy carriers occurs in chemical industry (natural
gas consumption for ammonia production, production of naphtha, ethane, paraffin and wax),
construction industry (bitumen production), and other prtsdsigch as motor oil, industrial oil, grease

etc. As a result ofhenon-energy use of bitumen the construction industrythere is no C@emission

because all carbon is bound to the product.



3.2.4. Energy industriesGRT 1.A.1.)

Category description

This subsector comprises emissidrom fuel combustion in public electricity artteat production
plants, petroleum refining plants, solid transformation plants, oil and gas extraction and coal mining. The
total GHG emission from Energy Industries is given in the Tablé &l Figure 3.2.

Table 3.26: The CQ-eq emissions (kt) from Energy Industries

fkgz'eq emission 1990 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024

Public  Eletricity 3 744.3| 3,805.2 4,749.4 3,987.6 3,115.3 2,657.1 2,785.7| 3,102.9| 3,064.4 2,177.3
and Heat
Production

Petroleum Refining 2,430.0 1,687.1 1,733.6 1,452.5 1,389.9 836.7 | 746.5 | 696.5 | 7184 | 703.8

Other Enegy  913.1 | 339.6 | 3525 | 4615 | 2357 | 202.3 | 237.2 | 306.9 | 314.6 | 299.3
Industries

Total Enegy @ 7,087.3 5,831.8 6,835.5 5,901.5 4,740.9| 3,696.1 3,769.4  4,106.2| 4,097.4 3,180.5
Industries

Figure 3.21: COx-eq emissions from Energy Industries
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It should be stressed out that approximadi@hb3 % of the electricity is generated in hydropower plants;
therefore the emission frothe Energy Industries sector is relatively small;38% of emission from
thetotal Energy sector. The largest part-{El%) of the emission is a consequence of fuel combustion
in thermal power plants, then the combustion in oil refinerie4@%. The remaining combustion in oil
and gas fields, coal mines and the coke plant accounts for shg#.3

Public Electricity and Heat ProductioBRT 1.A.1.a)

By the end of 202 electricity generation capacities in Croatia encompassed 17 locations with large
hydropower plants, 7 with thermal power plants, one half of the installed capacities of the nuclear power
plant Krgko (l ocated i n t heofReeewable Energyysysterms (FREISo v e n i
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(wind and sun). Thermal power plants use coal, gas and fuel oils. Mefiteghgower plants can use

extra light fuel oil as a replacement fuel. The majority owner of the production capacities of the Republic
of Croatia is the HEP Group (stat&ned compay). Private producers mostly own RipBwered

power plants, which have been developing more intensively since 2006, i.e. after the introduction of the
system of encouraging the production of electricity from RES.

Total available capacities of all power plants in the Republic of Croatia by the end4cér0Rnt to
56801 MW (i ncluding TE Pl omin and wWutofthisamounth28521 ear p o
MW is placed in thermal power plan,189.9MW in hydro power plants],3032 in wind power

plants, 901.8MW i n sol ar power plants. There is also 34
available capacity) used for Croatian power sys@anerating capacities tie thermal power plants

in Croatiaare presented in the Table 3.2

Table 3.27: Thermal power plants in the Republic of Croatia

HPPs 2,1899 -

NPP Krgkot* 348 uranium oxide (UQ

TPP Plomin 1 - coal

TPP Plomin 2 199 coal

TPP Rijeka 0 fuel oil

CHP Sisak 235 fuel oil / natural gas

CHP Zagreb (east) 4100 fuel oil / natural gas

CHP Zagreb (west) 48 fuel oil / natural gas

CPP Osijek 89,0 fuel oil / natural gas / extra light olil
KTE Jertovec 0 natural gas / extra light oil

Other biogas plants 59.8 biogas

Other biomass plants 97.6 biomass

Geothermal plants 10.0

CHP in Industry 1328 coal / natural gas / fuel oil/ wood
Other small CHP 4.0 natural gas

Total 3,8231

* 50% of NPP Krgko is owned by HEP,

During the observed period between 1990 ariz#1 20 Croatig only 14 to 32 of Croatian electricity

demands were covered by thermal power plants. The largest contribution to electricity production in
Croatia had hydropower plants 36 to%9 Nucl ear power pWafisteledicitgy k o del
to Croatian power system until 1998 after which was a four year period -afativery. The delivery of
electricity from NPP Krgko started again in 20/«
compensated with import. Therefora, 2000 the electricity import was larger tharoguction in all

Croatian thermal power plants (TPPs). IrR20the import of electricity was aboGiL.5% of the total

electricity consumption in Croatia. Electricity supply for the period from 1990 24 B0presented in

Figure 3.22.



Figure 3.22: Electricity supply for the period from 1990 to220
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In this subsector there are few types of plants:

- Thermal Power Plants (TPPs), which produce only electricity

- Public Cogeneration Plants (PCPs), which produce combined heat and electricity
- Public Heating Plants (PHPs), which produce only heat.

TPP Plomin 2, which started to operate in 2000, has installation for flue gasses clearpngduRy

from process which cleans flue gasses from sulphus §8fbbing process) is GOCO, emission is

calculated frontheamount of CaCeused for cleaning. Amounts of produced CaCa3 well as emitted
CO; emissionare presented ithe Industry sectorl{mestone and dolomite use

The CQ-eq emission from public electricity and heat production are presented in Figt8dds.the
whole period from 1990 t28024.
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Figure 3.23: CO:-eq emissions from Public Electricity and Heat Production subsectors
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Production of electricity has increasing trend through the years, from 8 TWh (19 Wh (2010)

but CQ emission does not follow this trend. Approximately % of electricity is generated in
hydropower plants (HPP), but thiger centdepends on hydrological conditions during the year. If
hydrological conditions are unfaw@ble the lack of electricity must be supplemented by stronger
engagement of thermal power plants, which consequently leads to large GHG emissions. Domestic
production of electricity by sources for the period from 1990 @426 presented in Figure 342 In

2024 the total electricity production wd.9% lowerthan in the former yediTable 3.28).

Table 3.28: Differences betweeelectricity production in 228 and 2@4

ENERGY BALANCE Electricity, GWh

o o 2D(|)f2f‘e1r§3§§ Difference %
Production 17,563.9 15,360.4 -2,203.5 -12.5
Hydro power plants 8,248.1 6,878.3 -1,369.8 -16.6
Wind power plants 2,586.5 2,576.6 -9.9 -0.4
Photovoltaic 413.1 820.0 406.9 98.5
Thermal power plants 1,407.5 848.4 -559.1 -39.7
Public cogeneration plants 4,611.3 3,947.7 -663.6 -14.4
Industrial cogeneration plants 276.8 289.4 12.6 4.6
Import 5,670.8 6,208.9 538.1 9.5
Export -4,093.1 -1,850.8 2,242.3 -54.8
Total consumption 19,141.6 19,718.5 576.9 3.0




Figure 3.24: Domestic production of electricity by sources for the period from 19202
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Total prodsiction

Fuel consumption, net calorific values and emission factors used for estimating GHG emissions are
presented in Tables ABto A3-3 of the Annex 3.

Petroleum RefiningGRT 1.A.1.b)

Croatia has oil refingrin Rijeka. Crude oil is produced fron8 8il fields and gas condensation products
from 10 gascondensations fields, which covers ab®6t% of the total domestic demand. Processing
capacities of the Croatian refiyemwhich belong to INA oil and gas company, are shown in the Table
3.2-9.

Table 3.29: Processing Capacities of ®kefinery Rijeka

Oil Refinery Rijeka (Urinj)

atmospheric distillation 4500
reforming 563
fluidized-bed catalytic cracking (FCC) 689
visbreaking 600
isomerization 235
hydrodesulfurizatioffHDS) 1851
mild hydrocracking (MHC) 622
hydrocracking 2600

In the refineries, there are two types of fuel combustifor heating and/or cogeneration and for own
use of energy for production processes. Emissions from both types of fuel combustion were calculated
in this sector and presented in Figure3.2
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Fuel consumption, net calorific values and emission factors used for estimating GHG emissions are
presented in Table A8 of the Annex 3.

Figure 3.25: COx-eq emissions from Petroleum Refining subsector for the period from 120240
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Manufacturing of Solid Fuels and Other Energy Industi@®T1.A.1.c)

In Croatiag the coal production in the period 199098 was rather low. Last coal mines in Istria were
closed in 1999. Cokeven plant in Bakar, nearby Rijeka, was also closed in 1994.

Natural gas is produced fron® dr-shore gas fields aridl off-shore gas fieldocated in 3 exploitation
areas)which covers abou7.5% of total domestic demand in 2@ The largest share of gas is coming
from fields Molve and Kalinovac. They include the units for processing and preparation of gas for
transportation to Central Gas Stations (CGS) Molve I, Il and Ill. Their capacities are:

- 1 mill. m¥day for Molve |

- 3 mill. m¥day for Molve I

- 5 mill. m¥day for Molve Ill

The underground gas storage Okoli was designedamittiminal capacity o#38million m3. Maximum
injection capacity is 3.8 million ffday and maximal withdrawal capacity is 5.8 milliof/day.

COx-eq emissions from this subsector for the whole period from 19902tb&2@ presented in Figure
3.2-6.



Figure 3.26: COx-eq emissions from Manufacturing of Solid Fuels and Other Energy Industries for the period from 1990 to
2024
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Fuel consumption, net calorific values and emission factors used for estimating GHG emissions from
Manufacturing of Solid Fuels and Other Energy Industries are presented in the Tablés A3-7 of
the Annex 3.

3.2.4.1. Methodological issues

Methodology
- T1,T2(19962024) -1Ala

- T1(19902024) -1A1b
- T1(199062024) -1Alc

Tier 1 Approach

Tier 1 approach is based on data on the amount of fuel combusted in the source category. Source of data
on the amount of fuel combusted is national energy balance. Data from the national energy balance were
recalculated from natural units into energy uttiys means of its net calorific values for each fuel.
Calorific values are also taken from the energy balance. The emission factors used for calculation are
taken from IPCC Guidelines (2006 IPCC Guidelines for National GHG Inventaories). It is assumed that
the combustion process is 109 efficient, sothe oxidation factor was 1.

For category 1Al1b Petroleum refining, for £€€missions, for the year 2019, the TERT noted that the
ratio ETS/inventory is higher than 100% (102.7%, i.e. 26.2 kt)CThe difference occurs due to
differences in ETS and EUROSTAT methodology for fuel consumption calculdtiom amount of
consumed petroleum coke shown in the energy balance for 2019 refers to the amount of coke produced
as a byproduct in the fluid catalytic cracking (FCC) process at the Rijeka Oil Refinery, while at the
Sisak Qil Refinery there was no cokensumption FCC suspendedi2?.

Coke is deposited on the fluid catalyst and in the process of regeneration of the fluid catalyst the coke is
burned, which leads to G@missions. However, G@missions for the EU ETS from this FCC process
are not calculated from coke, but from the intake air and flue gas mass balance methodology, which is
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part of the specific monitoring rules and approved by the competent authority. Accordingly, the Annual
ETSReport on Greenhouse Gas Emissions for 2019 does not show coke consumption in order to avoid
double counting of C&emissions. The material balance in its report presents the stated consumption of
coke in the FCC catalyst regenerator as own consumption in accordance with the practice in the world
oil industry.

Emissions of Chland NO have been identified by Tier 1 method in such a way that the fuel used in
each sector is multiplied by the emission factor suggested in 2006 IPCC Guidelines for National GHG
Inventories. The basis for the estimate is the fuel used in different enetgyssdte used fuel is
grouped into basic fossil fuels categories according to its aggregate condition: coal, natural gas and oil,
and biomas$ased fuel. Data about quantities of the fuel used are taken from the national enaggy bala

Tier 2 Approach

CO; emissions for 1Alai and 1Alaii categories are calculated wsingtry-specific emission factors

for natural gas and hard coal which is obtained for each plant (TPPs and CHPs) from verified ETS reports
for the period 2012024 For the period from 1990 to 2012 average emission factor based on verified
reports are calculated and used for previous years

3.2.4.2. Uncertainties and timseries consistency

Uncertainty of CQemissions

The CQ emission, from the fossil fuel combustion, depends on amount of fuel consumed (from energy
balance), net calorific values (from energy balance), carbon emission factors (IPCC), the fraction of
carbon stored (IPCC) and the fraction of carbon oxidised (JPCC

The national energy balance is based on data from different available sources. The daheCGemtral

Bureau of Statistics about production, usage of raw material and consumption of fuels in all industrial
facilities in Croatia are used. The data from questionnaires about monthly use of natural gas in certain
sectors from all distributive companigsCroatia, about annual consumption of coal in certain sectors

and the data from Customs Administration about export and import of fossil doelalso ustk The

data from these sources and other necessary data are organised in related database. The estimated
uncertainty of data from energy balance is beld#.5

The accuracy of data on net calorific values, which are also taken from national energy balance, is high.

The other data needed for calculation, such as carbon emission factors, the fraction of carbon stored for
nonenergy uses of fuel and the fraction of carbon oxidized, are taken from 2006 IPCC Guidelines for
National GHG Inventories.

Experts believe that G@mission factors for fuels are generally well determined witli#) &s they are
primarily dependent on the carbon content of the fuel.

Uncertainty of CHand NO emissions

Estimates of CkHland NO emissions are based on fuel (coal, natural gas, oil and biofuels) and aggregate
emission factors for different sectors. Uncertainties in estimates are due to the fact that emissions are
estimated on the base of emission factors representing only alisnitset of combustion conditions.

Using the aggregate emission factors for each sector, the differences between various types of coal and
especially liquid fuel are not included, nor are the differences in the technology andttimiton of



equipment for emission reduction. Therefore, the uncertainties associated with emission estimates of
these gases are greater than estimates pE@@sions from fossil fuel combustion.

The uncertainty of CHemission is estimated to +4®; while the uncertainty of §0 emission is
estimated to factor 2 (the emission could be twice larger or smaller than the estimated one). The largest
part of uncertainty refers to the emission factor applied while the fuel consumption data (national energy
balance) are rather good.

Time-series consistency

Activity data, emission factors and methodology implied for GHG emission calculation from fuel
combustion activities is very consistent fbe entire period.

3.2.4.3. Categoryspecific QA/QC and verification

During the preparation of the inventory submission activities related to quality control were mainly
focused on completeness, consistency, comparability, recalculation and uncertainty of activity data,
emission factors and emission estimates. Also, sevbealks have been carried out in order to ensure
correct aggregation from lower to higher reporting level and correct use of conversion factors.

Regarding to QC Tier 2 activities, activity data were checked for key source categories. In Energy
industries, Public Electricity and Heat Production, due to availability of detail information on fuel
consumption in the facilities. Activity data from engfgalance were compared with data provided by
individual facilities. Results of this comparison showed that there is no significant difference between
these two sets of data. Thds#tomup data are still not available for other stdiegories thereforeiér

1 methodology was applied.

Also, theinventory team used countgpecific fuel net calorific values for emission estimates. Calorific
values from energy balance were compared with data from the IPCC Guidelines. Results of this
comparison showed that there is no significant difference betiheea two sets of data.

3.2.4.4. Categoryspecific recalculations

In this cyclethere were no recalculations in this category.

3.2.4.5. Categoryspecific planned improvements

For1Alb category is planned to compare ETS and EUROSTAT fuel consumption data for period from
2013 till 2024 and determine country specific @@mission factorsfor fuels with the highest
consumption.

3.2.5. Manufacturing industries and construction (1.A.2)

3.2.5.1. Category description

Manufacturing Industries and Construction includes emissions from fuel combustion in different
industries, such as iron and steel industries, industries efen@us metals, chemicals, pulp and paper,
food processing, beverages and tobacco, construatidrbuilding material industries, petrochemical
industries. This sector also includes the emissions from fuel used for the generation of electricity and
heat in industry (industrial cogeneration plants and industrial heating plants). In national ersergg bal

fuel consumed in industrial heating plants and cogenerations were not divided by appropriate industrial
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branches, so in addition to national energy balaoeea | | eduétry anal ysis bal
thewhole period from1990to 2024.

The total GHG emission from Manufacturing Industries and Construction is given in the Talb 3.2
and Figure 3.7.

Table 3.210: The CQ-eq emissions (kt) from Manufacturing Industries and Construction

Iron and Steel 1,067.3| 109.0 | 89.1 93.1 51.7 33.9 56.6 64.0 65.5 260.1
Industry

Non-Ferrous Metals| 17.2 16.9 215 14.0 10.9 25.6 30.3 30.9 29.6 31.3
Chemicals 739.8 | 706.4 | 581.7 | 450.2 | 2946 | 3365 | 2345 | 726 115.2 103.5

Pulp, Paper anc¢ 304.3 153.5 175.0 162.1 70.2 115.9 121.7 118.5 114.2 118.3
Print

Food Proc., Bev, 732.1 432.5 594.2 515.3 351.8 295.9 243.1 315.7 304.6 289.0
and Tobac.

Non-metallic 1,937.2 1,422.1 1,856.9| 1,409.2| 1,153.4 1,266.2 1,371.6 1,321.9 1,369.2| 1,228.7
minerals
Other 330.1 | 2245 | 3775 | 353.6 |278.1 |330.6 | 3725 | 4011 @ 4525 @ 509.5

Total Manuf. Ind. 5,127.9 3,065.0 3,695.8 2,997.6 2,210.8 2,404.5 2,430.4 2,324.6 2,450.7| 2,540.4
and Cons.

Figure 3.27: CO:-eq emissions from Manufacturing Industries and Construction
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The emissions from this subsector contritariund 15%of the total emission frorthe Energy sector.

The largest contributor to emissions is fuel combustion in industry of construction materials and
petrochemical production (subsectddpon-metallic mineralsin Figure 3.27), followed by food
processing industryiron and steel industrypaper industrychemical industry, and neferrous metal
industry.
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3.2.5.2. Methodological issues

Methodology
- T1(19962024)

The GHG emissions from this subsector were calculated trs#iger 1 approach.

In national energy balancéhe fuel combustion in industrial cogeneration and heating plants is not
divided on appropriate industrial branches, for which electricity and/or thermal energy is produced. The
fuel consumed in industrial cogeneration and heating plants is divided dmstriatl subsectors for the
period1990-2024 (Industry analysis balance)

Data from the national energy balance were recalculated from natural units into energy units by means
of its net calorific values for each fuel. Calorific values are also taken from the energy balance. The
emission factors used for calculation are takemfiPCC Guidelines (2006 IPCC Guidelines for
National GHG Inventories).

Fuel consumption, net calorific values and emission factors used for estimating GHG emissions from
Manufacturing Industries and Construction by fuels are shown in Tabl8saAd8 A39 of the Annex 3.

3.2.5.3. Uncertainties and timseries consistency

Uncertainty of CQemissions

The CQ emission, from the fossil fuel combustion, depends on amount of fuel consumed (from energy
balance), net calorific values (from energy balance), carbon emission factors (IPCC), the fraction of
carbon stored (IPCC) and the fraction of carbon oxidised (JPCC

The national energy balance is based on data from different available sources. The daheCGemtral

Bureau of Statistics about production, usage of raw material and consumption of fuels in all industrial
facilities in Croatia are used. The data from questionnaires about monthly use of natural gas in certain
sectors from all distributive companigsCroatia, about annual consumption of coal in certain sectors

and the data from Customs Administration about export and import of fossil doelalso ustk The

data from these sources and other necessary data are organized in related database. The estimated
uncertainty of data from energy balance is beldi#.5

The accuracy of data on net calorific values, which are also taken from national energy balance, is high.

The other data needed for calculation, such as carbon emission factors, the fraction of carbon stored for
nonenergy uses of fuel and the fraction of carbon oxidized, are taken from Revised 2006 IPCC
Guidelines for National GHG Inventories. Experts beli¢lvat CQ emission factors for fuels are
generally well determined within%, as they are primarily dependent on the carbon content of the fuel.

For example, for the same primary fuel type (e.g. coal), the amount of carbon contained in the fuel per
unit of useful energy can vary. Na@mergy uses of the fuel can also create situations where the carbon
is not emitted to the atmosphere (e.g. plastisphalt, etc.) or is emitted at a mwadlayed rate.
Additionally, inefficiencies in the combustion process, which can result in ash or soot remaining
unoxidized for long periods, were also assumed. These factors all contribute to the uncertainty in the
CO; estimates. However, these uncertainties are believed to be relatively small.

Overall uncertainty for C&emission estimates from the fossil fuel combustion are considered accurate
within 5 %.
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Uncertainty of CHand NO emissions

Estimates of CkHand NO emissions are based on fuel (coal, natural gas, oil and biofuels) and aggregate
emission factors for different sectors. Uncertainties in estimates are due to the fact that emissions are
estimated on the base of emission factors representing only allsnidset of combustion conditions.

Using the aggregate emission factors for each sector, the differences between various types of coal and
especially liquid fuel are not included, nor are the differences in the technology and the contribution of
equipment for emission reduction. Therefdtee uncertainties associated with emission estimates of
these gases are greater than estimates pE@@sions from fossil fuel combustion.

The uncertainty of CHemission is estimated to +4®; while the uncertainty of §0 emission is
estimated to factor 2 (the emission could be twice larger or smaller than the estimated one). The largest
part of uncertainty refers to the emission factor applied while the fuel consumption data (national energy
balance) are rather good.

Time-series consistency

Activity data, emission factors and methodology implied for GHG emission calculation from fuel
combustion activities is very consistent foe entire period.

3.2.5.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission activities related to quality control were mainly
focused on completeness, consistency, comparability, recalculation and uncertainty of activity data,
emission factors and emission estimates and on prsgeepf notation keys in theRT tables. Also,

several checks have been carried out in order to ensure correct aggregation from lower to higher reporting
level and correct use of conversion factors.

3.2.5.5. Categoryspecific recalculations

In this cyclethere were no recalculations in this category.

3.2.5.6. Categoryspecific planned improvements

On a long term basisthe inventory team isplanningto apply more detailed Tier 2 approach for
calculation CQ emissions from Manufacturing Industries and ConstructBince industries such as

iron and steel industries, industries of fferrous metals, chemicals, pulp and paper, food processing,
beverages and tobacco, construction and building material industries, petrochemical industries, are in
ETS, verified annualreission report of each industrial plant are available. Tier 2 approach is based on
bottomup fuel consumption data from every industrial plant. In verified annual emission reports there
are availal® data about yearly fuel consumption and detailed fuel characteristics data (net calorific
value) and planspecific emission factors.

Also, onalong term basigheinventory team is planning apply countryspecific carbon content values
and oxidation factor values to estimate emissions for the main fuel types.

3.2.6. Transport (1.A.3)

3.2.6.1. Category description of Transport sector

The emission from combustion and evaporation of fuel for all transport activities is included in this
sector. In addition to road transport, this sector includes the emission from air, rail and marine transport



as well. The total GHG emission fratime Transport sector is given in the Table-3Rand Figure 3.2
8.

Table 3.211: The CQ-eq emissions (kt) from sector Transport

Civil Aviation 6.7 25.6 38.0 31.6 31.0 16.8 22.5 26.0 30.4 31.0
Road Transport 3,604.1  4,292.9  5,316.8 | 5,700.1  5,728.4 | 5,600.2 | 6,036.9 6,499.4  7,359.9 8,138.8
Railways 152.1 95.3 106.5 99.5 61.1 46.4 49.9 51.3 42.3 59.7
Navigation 135.8 87.6 101.8 117.6 131.8 128.6 150.0 154.5 149.4 156.1
Total 3,898.6 | 4,501.4 5,563.1 5,948.9 5,952.4 | 5,792.0 6,259.3| 6,731.2 | 7,581.9 | 8,385.7

Figure 3.28: The CQ-eq emissions from Transport
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The contribution fronthe Transport sector to the total G@g emissions from Energy sector in220
was43.0 %. CO-egemissionstom the transport sector in 20amounted t@®,385.7, which is9.6 %
higherthan in 2@3 as a result ofiigherfuel consumption in road transpo8pecifically, the emission
of CO,-eq emissions fronthe Road transport secto€RT 1.A.3.b) was dominant one in the transport
sector CRT 1.A.3) in 2@4 and contributed to the G&&q emissions from the transport sector witl19
%. In 24, the Navigation sector was contributed to the-@€@ emissions with.9 %, Railways with
0.7 % and Civil aviation (domestic) with.4 % and (Figure 2-8). In comparison with 1990, G&q
emissions fom the transport sector were increased b§i1 % as a result of increasing the number of
vehicles and also increageannual millage.

Civil aviation (CRT1.A.3.a)

The CQ-eq emission from the stdector domestic civil aviation in 20 amounted31.0 kt, which is
2.0% higherthan in 2@3, as a result of jet kerosene consumptiarease. In comparison with 1990,
COs-eq emission wad.7 times hidier as a result of increasefuel consumption.
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Road TransportGRT 1.A.3.b)

Road transportation includes all types of passenger carsdlightehicles, heavguty vehicles, buses,
mopeds and motorcycles. These mobile sources use different types of liquid and gaseous fuels, mostly
gasoline and diesel oil, and emit significant amounts of greenhouse gases and air pollutants. The
contribution of road transportation to the tajatenhouse gas emissions 822 % in 24 and 1.5

% in 1990. In the period from 1990 toZemissions from road transportation raised§.8 % mainly

due to increase in the numbers of vehicles (passenger cars mostly) and consumption of diesel oil in all
types of vehicles. From 2008 onwards emissions from road transportation have slightly decreased due
to lower fuel consumption caused by economic crige€roatia as well ashe implementation of
measures for C£emission reduction according lietegrated National Energy and Climate Plan for the
Republic of Croatidrom 2021to 2030.

The CQ-eq from the suisectors Road transport in2Damounted t@,1388 kt, whichis 9.6 % higher
than in 2@3 as a result oihcreasen fuel consumption. In comparison with 1990, £%9 increased by
125.8 % as a result of groing in diesel fuel consumption (I3 times compared to 1990).

Trends of C@eq emissions for fossil fuel type consumed in road trangmottie period from 1990 to
2024 are shown in Figure 3.2

Figure 3.29: The CQ-eq emission from Road transport ssértor by fossil fuel type
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Railways CRT 1.A.3.c)

The CQ-eq fromthe subsectors Railways in 28 amounted t®9.7 kt, which is29.2 % higherthan in

2023 as a result ahincreasén diesel consumption. In comparison with 1990 ,¢¢é@ was decreased by
60.7 % as a result ofa decrease in railways transportation and consequently decreases in fuel
consumption.

Navigation CRT 1.A.3.d)

The CQ-eq from tle subsectors Navigation in 28 amounted tdl56.1 kt, which is for4.3 % higher
than in 2@3 as a result of increase in fuel consumption. In comparison with 1998edifcreased by
14.9 % as a result dhcrease in navigation traffic and consequeimtyease in fuel consumption.



3.2.6.2. Methodological issues

Methodology
- T1(19902024) 71 1A3a

- T1,T2(19902024) i 1A3b
- T1(19902024)i 1A3c
- T1(19902024) i 1A3d

Civil aviation
The GHG emissions from stdectors Civil aviation were calculated usthg Tier 1 approach based on

jet fuel consumption and aviation kerosene provided by national energy balance and default IPCC
emission factors.

I n previous National Il nventory Reports Croatia U
the incountry review process in 2008. The ERT strongly recommended that Croatia revise its emission
estimates using the number of passengers travelled on domestic and international routes and average
kilometres travelled per passenger on domestic and interahtimutes, since these data are available
from Croatiads national statistics. Croatia acce
and intenational transport were estimate by using drivers sudheastio of domestic/international

passengers, taking into account average km travelled for passengers on domestic/international routes.

In 2013 and 2014 ARR ERT recommended that Croatia should improve the accuracy and transparency
of its reporting in its nexNID by adopting an approach in accordance MRIEC Good Practice
Guidancesuch as using aviation fuel use surveys, sales statistics anddmggination statistic to obtain

actual jet kerosene consumption figures for domestic and international aviation. In 2014 Croatia lunched
the project 606 Dev el o pameassessmerits ofreenissionsdfrorh wagspagt svithf o r
integrded impact assessment sector on the environmghase 1. Information on activities for aviation

and railwayso66. Through this project data on LT
gathered for the period from 1990 to 2013. In cooperationduithestic airline companies and Croatian

jet kerosene suppligonly data on fuel sold was available, data on fuel used in domestic and international
transport was not available for all airline companies. For only one airline company which is in EU ETS
sygem data on actual fuel consumption on domestic and international routes was available. Croatian fuel
supplier has only data on fuel sold to domestic and in international carriers. So it was decitted that
current approach was in that titteeonly way for dividing fuel consumed on domestic and international
routes.

In 2014 new project named O06Technical assistance
documents on the data quality and i mproving the
Pogar was | unched. T hiramework af jhelRA200 Rragrammelamdcdvered i n
the area of energy statistics and improvement of methodologies of data collection in the final energy
consumption sectors: households, services and transport. The Himpodject was to determine the

enery consumption indicators based on the survey of energy consumption and according to
EUROSTATOs | ist of variables and models for cal
determine actual consumption of fuel on domestic and international roedtRof this project were

published irthesecond quarter of 2016 and they were used as activity data for emission calculation. For

the period from 2004 till 2016 data on fuel consumed in domestic transport were obtaingtiefrom
CroatianBureauof statstics fromthe Annual report on air transport. The obligation to submit a report

is based on Article 38 of the Law on Official Statistics (OG 103/03, 75/09, and 5%Hi)report

MEPGTs all legal entities and parts that are registered in the activities of air transport and legal persons

as well as registered in other activities but dealing with transporting passengers and cargo with aircraft.
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Entities are required to submit purchased and consumed faskparate dat Consumed fuel has to be
submitted in four categories:

- consumed in public domestic transport

- consumed in public international transport
- consumed in schooling and training

- consumed in other activities if exists

For the period from 1990 to 2008,separate data on consumed fuel in domestic and international
transportwas not available so other statistical data were used to calculate drivers which were used to
estimate fuel consumed. Four drivers were developed for domestic transport: fuel by number of
passengers travelled, fuel by kilometres travelled, fuel by numberigbft #ind fuel by aviation
kilometres. Final driver, which was used for fuel consumed in civil aviation calculation, was determined
graphically asaverage of all drivers.

Quantities of fossil fuel consumed their net calorific values and appropriate GHG emission factor and
GHG emissions in the sedector Civil aviation are shown in the Table-AB of the Annex 3.

Road Transport

Emissions of C@from liquid and gaseous fuels in this inventory submission are calculated on the basis
of the amount and type of fuel combusted using tier 1-dtmpn) approach which is in line with the
2006 IPCQGuidelines Amounts of all types of liquid and gaseous fuels consumed for the whole period
from 1990 to 204 were extracted from national energy balances. Emissions factors used for calculating
CO; emissions from liquid and gaseous fuels are f20®6 IPCC Guidelinefpage 3.16, Table 3.2.1.).

Emissions of Chand NO are calculated using the COPERModel because emission factors depend
on vehicle technology, fuel and operating characteristics (vekiloi@etres, average trip speed, driving
share on urban, rural and highway roads, etc.). The COBERHel (Tier 2/3 method) requiravery
detailed set of input activity data, including:

- type of vehicles (passenger calight-duty vehicles,heavyduty vehicles, buses, mopeds,
motorcycles)

- type of engine (gasoline fostroke, gasoline twatroke, diesel, rotation motor and electromotor)
- engine capacity 8, 0,81.4L, 1.42.0L, >2.0L)

- weight classRigid<7.5t,7,512t, 1214 t, 1420 t, 2026 t, 2628t, 2832 t,>32t, Articulated 14
20t, 2028, 2834 t, 3440 t, 4050 t, 5660 t)

- age of vehicles (distribution of vehicles per ECE categories according to EC directives)

Main activity data provider is Ministry of Interior, which is responsibletfi@compilation of national

motor vehicle database with detailed information on each registered vehicles in .Crogia
consumption data were taken from national energy balances and average monthly temperatures from
statistical yearbook#&dditional data, like highway, rural and urban transport mileage, average speed of
different kind of vehicles and different road types, average daily trip distance and beta value (the fraction
of the monthly mileage driven before the engine and any exhaust components have reached their nominal
operation temperature) are expert judgments or default data from COPERT model.

Two assumptions/adjustments are applied in the COPERT model:

- Gasoline or diesel oil tarllled abroad and consumed in Croatia is equéhé@amount othesame
type of fuels tanfilled in Croatia and consumed abrogdhlis is due to a large number of tourist
destination and transit trips in Croatia).



- Fuel consumption calculated by COPERT, taking into account number of vehicles and annual
average vehicle mileage, should be to a highest possible degree equal to consumption of fuels from
the national energy balance (the difference should not be greatet %h).

Comparing the total number of vehicles irR2@vith the number of vehicles in 1990 it can notice the
increaseof 95.8 %. The increase was largely the result of increase in the number of passenger cars by
83.2 %, constituting .1 % of the total number of road vehicles in2200ther classes of vehicles were

also increased in this period: the number of LDty vehicles increaseby 2.9 times Heavy Duty
vehicles included buses increased@®B8%, motorcycles and mopeds 819 times It is important to
emphasize that number of registered vehicles gradually decreased in the peri2020@Rie to
economic crisis.

During review ofNID 2014, ERT noticed the fluctuation in the IEF values for the time period-1995
2006 for NO emissions. Fluctuations occur only in Sector Passenger cars, subsector Gasilidé 0,8
1,42,0 1 and >2,0 I, Technology PC Euro 1. These fluctuations areldiredine with fluctuations in
sulphur contained of Gasoline fuel (see figure R Data onthe sulphurconentin fuels are given
from Croatian Oil Company.

Figure 3.210: Fluctuations in IEF for BD and fluctuations othesulphur content of the fuel
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For confirmationof this statement, XD emission calculation with constant sulfur contain for Passenger
Euro | Gasoline vehicles was performed. Obtained IEF $@r éd not havdluctuations (see figure 3.2
11).

Figure 3.211: 1EF for 2O when sulphur content is constant
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Light Commercial Vehicles Gasoline <3,5t LD Euro 1 - 93/59/EEC

—@—Passenger Cars Gasoline 0,8 - 1,4 | PC Euro 2 - 94/12/EEC
—=—Passenger Cars Gasoline 1,4 - 2,0 | PC Euro 2 - 94/12/EEC
—&—Passenger Cars Gasoline 2,0 PC Euro 2 - 94/12/EEC
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Amounts of fuels consumed, their net calorific values and appropriate GHG emission factors and GHG
emissions in the sufector Road transport are shown in Tablel®3Annex 3.

Railways
The GHG emissions from stfector Railways were calculated usthgTier 1 approach based on fossil
fuel consumption data (from national energy balance) and default IPCC emission factors.

I n 2014 Croatia lunched the project 66Devel opmen
from transport withintegraedimpact assessment sector on the environmphase 1. Information on
activities for aviation and thetge df angiyedod [6comofivesr o u g h
were gathered for the period from 199924 so default emission factors for ¢ldnd NO were

modified depending on the engine design.

Quantities of fossil fuel consumed their net calorific values and appropriate GHG emission factor and
GHG emissions in the stdector Railways are shown in the Table £38of the Annex 3.

Navigation
The GHG emissions from Navigation ssbctor were calculated usitige Tier 1 approach, based on
fossil fuel consumption data (from national energy balance) and default IPCC emission factors.

Quantities of fossil fuel consumed their net calorific values and appropriate GHG emission factor and
GHG emissions in the stgector Navigatio are shown in the Table3A14 of the Annex 3.

Pipeline transport

In Croatia all compressor stations are electric, so no emissions occurred from this source for the whole
period from 1990 to 2. As a confirmation of this claim, in IEA and EUROSTAT energy balance data

on consumption of all fuel uddor pipeline transport can be found for the whole historical period. In

IEA and EUROSTAT energy balance for the whole period, consumption of gas and oil in pipeline
transport was 0 TJ. In 2015 for Pipeline transport 3 ktoe electricity is consumed.

In Croatian NGL plantnatural gas is consumed in compressor station, but according to IEA
methodologyonly fuel used in compressor stations for oil and natural gas transport through pipelines
are part of Pipeline transport sector (excluding compressors on plant location).

Data on input and output fuels from NGL plant |\
the whole historical period). Although according to IEA methodology only input and output of fuels in

NGL plant accounts in energy balance (excluding ase), in National energy balance own use of fuels

in NGL plant are accounted too. Total amount of fuel used for own use in NGL plant is specified in
national energy balance in section Energy sector owaN@®&eplant (Tables A4l and A42 of Annex

2). For D14 in NGL plant only natural gas was used in own use purposes (88310 his amount of

fuel with all other oil and gas extraction in energy industries are summed in 1Alcii sector.

3.2.6.3. Uncertainties and timseries consistency

Uncertainty of CO, emissions

The CQ emission, from the fossil fuel combustion, depends on amount of fuel consumed (from energy
balance), net calorific values (from energy balance), carbon emission factors (IPCC), the fraction of
carbon stored (IPCC) and the fraction of carbon oxidised (JPCC

The estimated uncertainty of data from energy balance is bel#w Bhe accuracy of data on net
calorific values, which are also taken from national energy balance, isTiiglestimated uncertainty
of emission factors is belowds, which leads to the conclusion that the uncertaintyeO, emissions
will also be under So.



There are more uncertainties in data on international marine and aviation bunkers. Nevertheless, possible
errors in estimated values do not signifitaaffect the accuracy of data of national emission, as marine

and aviation transport have relatively small influence. The estimatece@@sions for International

Marine and Aviation Transport are not included in nationals totals.

The other data needed for calculation, such as carbon emission factors, the fraction of carbon stored for
nonenergy uses of fuel and the fraction of carbon oxidized, are takeritfe2806 IPCC Guidelines.

Experts believe that CG@mission factors for fuels are generally well determined witli#) &s they are
primarily dependent on the carbon content of the fuel.

Uncertainty of CH4 and N,O emissions

Estimates of CkHand NO emissions are based on fuel and aggregate emission factors for different
sectors. Uncertainties in estimates are due to the fact that emissions are estimated on the base of emission
factors representing only a limited subset of combustion conditions.

The uncertainty of CHemission is estimated to +4®; while the uncertainty of §0 emission is
estimated to factor 2 (the emission could be twice larger or smaller than the estimated one). The largest
part of uncertainty refers to the emission factor applied while the fuel consumption data (national energy
balance) are rather good.

Implementation of Tier 2/3 approach for estimation ofs@Hd NO emissions from Road transport
(CRT1.A.3.b) lead to certain uncertainty reduction.

Time-series consistency

Activity data, emission factors and methodology implied for GHG emission calculation from fuel
combustion activities is very consistent foe entire period.

3.2.6.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission activities related to quality control were mainly
focused on completeness, consistency, comparability, recalculation and uncertainty of activity data,
emission factors and emission estimates.

Also, theinventory team used countspecific fuel net calorific values for emission estimates. Calorific
values from energy balance were compared with data from the IPCC Guidelines. Results of this
comparison showed that there is no significant difference betihesa two sets of data.

Sourcespecific quality check in road transportation includedomparison of results of emission
calculation obtained independently with Tier 1 ¢agwvn) and Tier 2/3 (COPERT model) approach for
CO, emissions from liquid fuels. This is in line with recommendation fromi&C Good Practice
Guidance The difference between these two approaches is%.ff combined C@emissions from
gasoline and diesel oil in 2013, with positive difference for gasoline and negative for diesel oil (3.53 and
-1.06% respetively) and less than% difference in fuel balance. For the entire tisezies (199€013)
average difference between Tier 1 and Tier 2/3 approach i€d(1®1% for gasoline and 0.5% for

diesel oil). It could be concluded that difference is not significant and that Tier 1 approach yields slightly
higher emission estimates than Tier 2/3 approach. Secondly, we can conclude that COPERT model is in
general reliable and accurate, and estan for other greenhouse gases, i.e; &l NO are reliable

and accurate as well.

3.2.6.5. Categoryspecific recalculations

In this cyclethere were no recalculations in this category.
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3.2.6.6. Categoryspecific planned improvements

Civil aviation

I n 2014 Croatia lunched the project 66Devel opmen
from transport withintegraed impact assessment sector on the environmphtise 1. information on
activities for aviation and railwaysd66. Through

gathered for the period from 1990 to 2013.

Long term basis improvements

Inventory team is planning to further explore differences between Tier 1 and Tier 2/3 approach with
particular focus on emission factors used in COPERT model fee@3sions from gasoline and diesel
oil, and reasons for high uncertainties of emission factors fara@t NO.

3.2.7. Other sectorsGRT 1.A.4)
3.2.7.1. Category description

This sector includes emissions from fuel combustion in commercial and institutional buildings,
residential sector and agriculture, forestry and fishing. The total GHG emissions fromredrtianed
Small Stationary Energy Sources are shown in the Tabl&33akd Figure 3.22.

Table 3.212: The CQ-eq emissions (kt) from Small Stationary Energy Sources

1990 2000 2005 2010 2015 2000 2021 - 2023 2024

Comm. /Instlt 859.0 | 6440 | 7929 | 6746 | 5881 | 578.0 | 6611 | 5704 | 5028 | 506.7

Residential 2,473.9| 2,335.4| 2,901.8 2,617.4 1,968.6 1,887.5 1,963.0 1,869.6 1,806.9  1,824.0

Agr./For./Fishing| 912.3 | 907.5 @ 756.8 | 763.3 | 693.6 | 743.0 | 750.3 | 758.4 | 7521 | 780.9

Total 4,2452 3,887.0 4,451.4 4,055.4 3,250.3 3,208.4 3,374.4 3,1984 3,061.8 3,111.7

Figure 3.212: The CQ@-eq emissions from Small Stationary Energy Sources

5000
4500
4000 4 I rrrrrrrr m
| Y """" I """"""""""""" I """ I """"
o
cl
c
S 2500 HE-HHU-U-E-EBHEE-E- - - -
=
JoGJEt E H H H B E E EEEEEHNEEEEEHNREHSEESEESESHSH:HEHESHE®EH®EH:EH:E
W EE EE EEEEEEE EEEEEEEE EEEEEEEEEEEEER-S
el B H B H H W E E E EEEEEEEEEEEEEEEEEEEEEEHE®H
0 -
iR EzELeTLSsEEZTIOdATIR IR sgadad
[N = e T e e e = S T e e N e T o T o B o T o R o D o T o B o T o R o T o T o T o T o T o Y o T e o T o T o Y o Y e [
R T B e e e B B L S L o o S I Y o N T Y o N B A o I S A B o A o A o B o I o A o I I I & o I o I o |
B Commercial/Institutional M Residential O Agriculture/Forestry/Fisheries

92



The CQ-eq emissions from these subsectors were abeR0 ¥ of the total emissions fromhe Energy
sector.Most of the emission comes from small household furnaces and boiler roor62 {6y then
from the service sector (222 %), while the combustion of fuel in agriculture, forestry and fishing
accounts for 18 to 2% for the period from 1990 to 24.

3.2.7.2. Methodological issues

The GHG emissions from these subsectors were calculatedthsifiger 1 approach, based on fuel
consumption data (national energy balance) and default IPCC emission factors. Data from the national
energy balance were recalculated from natural units into energy units by means of its net calorific values
for each fuel. Carific values are also taken from the energy balance.

In 2014 project named O66Technical assistance in
documents on the data quality and improving the
Pogar was |l unched. Thi sewprkafthedRAROONRragrarhnaeandcolvezed i n
the area of energy statistics and improvement of methodologies of data collection in the final energy
consumption sectors: households, services and transport. The aim of projects was to determine the energy
constmption indicators based on the survey of ener
of variables and models for calculating energy efficiency. One of result was to determine actual
consumption of biomass fuel in households. As expected, the ambuwunsumed biomass in
households increased in 2014 by 30 PJ compared to 2013. Amount of consumed biomass increased for
the whole period from 1990 to 2013 approximately by 30 PJ. Data for whole historical trend were
included in this submission.

3.2.7.3. Uncertainties and timseries consistency

Uncertainty of CQemissions

The CQ emission, from the fossil fuel combustion, depends on amount of fuel consumed (from energy
balance), net calorific values (from energy balance), carbon emission factors (IPCC), the fraction of
carbon stored (IPCC) and the fraction of carbon oxidised (JPTt@ estimated uncertainty of data from
energy balance is below%. The accuracy of data on net calorific values, which are also taken from
national energy balance, is high.

The other data needed for calculation, such as carbon emission factors, the fraction of carbon stored for
nonenergy uses of fuel and the fraction of carbon oxidized, are takerife2806 IPCC Guidelines.

Experts believe that G@mission factors for fuels are generally well determined witli#) &s they are
primarily dependent on the carbon content of the fuel.

Uncertainty of CHand NO emissions

Estimates of CkHand NO emissions are based on fuel and aggregate emission factors for different
sectors. Using the aggregate emission factors for each sector leads to greater uncertainties associated
with estimates of ClHand NO emissions from the fossil fuel combustion.

The uncertainty of CHemission is estimated to +4®; while the uncertainty of JO emission is
estimated to factor 2 (the emission could be twice larger or smaller than the estimated one).

Time-series consistency

Activity data, emission factors and methodology implied for GHG emission calculation from fuel
combustion activities is very consistent fbe entire period.
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3.2.7.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission activities related to quality control were mainly
focused on completeness, consistency and comparability of activity data, emission factors and emission
estimates.

Also, theinventory team used countgpecific fuel net calorific values for emission estimates. Calorific
values from energy balance were compared with data from the IPCC Guidelines. Results of this
comparison showed that there is no significant difference betthiesa two sets of data.

3.2.7.5. Categoryspecific recalculations

In Other sectw in 1.A.4.c.ii. Offroad vehicles and other machinegror in calculating fuel
consumptions for lubricanfe 2023occurred. In this submission this error is corrected.

3.2.7.6. Categoryspecific planned improvements

Long term basis improvements

Onalong term basigheinventory team is planning apply countryspecific carbon content values and
oxidation factor values to estimate emissions for the main fuel types.

3.2.8. Other CRT1.A.5)
3.2.8.1. Category description

Methodology
- T1(199G62024)

During 2016 centralised review ERT a TERT noticed that military fuel used has not been included in
NID. It is recommended that this part should be done in a way to imiretransparency of reporting
without affecting the confidentiality of information.

In national energy balance military aviation and military wai@me is included under domestic aviation
and navigation sector. Data on fuel sold on each airport/marina are collected via annual questionnaire by
Croatian statistical office. This amount of fuel include as well fuel used for military purposes.

Dividing military from domestic aviation/navigation sector is not possible because data for military only
are not available and it is not economically justified becdlieduel used for military purposes is
negligibly small for the whole historicpkeriod. Domestic aviation sector contributes only witl®®(in

2024) to total emissions of Croatia while navigation contributes % (in 2024). It is most likely
thatthecontribution of military aviation and navigation is below the threshold of significance. Emissions
from the military are all included in 1A8 amd 1A3dsector. For transparency purposes in subsector
1A5b, two subsectors were created:

- 1A5b-military aviation component
- 1A5b-military waterborne component.
Thesetwo categories wer® be completed with IE notation key.



3.3 Fugitive emissions from solid fuels and oil and natural gas and other
emissions from energy productioc@RT 1.B)

This section describékefugitive emission of greenhouse gases from coal, oil and natural gas activities.
This category includes all emissions from mining, production, processing, transportation and use of fossil
fuels. During all stages from the extraction of fossil fuels tor theal use, the escape or release of
gaseous fuels or volatile components may occur.

3.3.1. Solid fuels CRT 1.B.1)
3.3.1.1. Category description

All underground and opencast coal mines release methane during their regular operation. The amount of
methane generated during mining is primarily a function of the coal rank and mining depth, as well as
other factors such as moisture. Aftieecoal has been mined, small amounts of methane retained in coal
are released during pestining activities, such as coal processing, transportation and utilization.

In Croatia, the coal production was steadily decreasing in the period19990 Until 1999 only
underground coal mines in Istria were in opera
produced some 0.015 to 0.174 mill. tons of coal.

The emissions of methane from mining and poBting activities areshown in the Figure 3.4L.

Figure 3.31: The fugitive emissions of methane from coal mines
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3.3.1.2. Methodological issues

kt CO2-eq

1990
1991
1992
1993
1994
1995

For estimating the fugitive emission from coal the simplest procedure has been used (Tier 1). Emission
calculations were based on fuel production data, average IPCC emission factors and IPCC conversion
factor.

Data about quantities of the mined coal is taken from the national energy balance.

The emission factors and conversion factor used for calculation are takenthieo2®06 IPCC
Guidelines. Used emission factors are an average value of the range proposed in the IPCC Guidelines.
For underground mine$or mining activities emission factor of 18.0°@HJ/t was used and for Pest

mining activities 2.5 nfCHaJ/t was used. Conversion factor amounted 0.67 kit/@tllion m3.
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In 2006 IPCC Guidelines new activity Abandoned underground coal mines is included. Numbers of
abandoned mines and technology of closing were gatherddefgeriod from 1951 tilR024. For the

period from 1901 to 1950 were not available. Accordintpeé2006 IPCC Guidelinedt is good practice

to include mines that are known to be fully flooded in databases and other records used for inventory
development, but they should be assigned an emission of zero as the emissions from such mines are
negligible (206 IPCC, page 4.23) so data on abandoned mines are given in Table 3.3

Table 3.31: Number of abandoned underground mines with closing technology for the pericd(2401

1901-1925 - Fully Flooded Mines - -
Partially Flooded Mines - -
Unflooded - -
19261950 - Fully Flooded Mines - -
Partially Flooded Mines - -
Unflooded - -
19511975 35 Fully Flooded Mines 35 0
Partially Flooded Mines - -
Unflooded - -
19761999 8 Fully Flooded Mines 8 0
Partially Flooded Mines - -
Unflooded - -
20002024 1 Fully Flooded Mines 1 0
Partially Flooded Mines - -
Unflooded - -

The coal production data and emissions of methane from mining anthppiisg activities are shown
in Table A318, Annex 3.

3.3.1.3. Uncertainties and timseries consistency

The fugitive emission of methane from coal mining and handling is determintiet bige of Global
Average Method (Tier 1), which is based ttve multiplication of coal produced and emission factor.

The amount of coal produced is taken from energy balance and that value is very accurate. The main
uncertainty of calculation depends tbre accuracy othe used emission factor. The arithmetic average
value ofthe emission factor has been chosen fribi 2006IPCC Guidelines for the region to which
Croatia belogs. The estimated uncertainty of methane emissions, for underground,miainge as a

high as a factor of 2 and for pasining activities a factor of 3.

Time-series consistency

Activity data, emission factors and methodology implied for GHG emission calculation from fuel
combustion activities is very consistent foe entire period.

3.3.1.4. Categoryspecific QA/QC and verification

In this subsectoronly general (Tier 1) quality control procedures were applied, since the coal production
was stopedin 1999.



3.3.1.5. Categoryspecific recalculations

In sector 1B1 recalculations were not performed.

3.3.1.6.  Categoryspecific planned improvements

For estimation of fugitive emissions from coal minasTier 1 method was applied. For emission
estimation data on saleable coal was useda@mg term basisthe inventory team is planning to
determine the amount of production of coal that is washed.

3.3.2. Oil and natural gasQRT 1.B.2)
3.3.2.1. Category description

This category includes the fugitive emission from production, refining, transportation, processing and
distribution of crude oil or oil products and gas. The fugitive emission also includes the emission which
is the result of incomplete combustion of gasing flaring and the emission from venting during oil

and gas production.

Also, emission of Cefrom natural gas scrubbing in Central Gas Station Molve, are included in this sub
sector.

1.B.2.a. Oil

Exploration production and transport of oil in the Republic of Croatia is carried out by company INA

Oil Industry dd. in the segment activity SD Exploration & Production of oil and gas (formerly INA
NAFTAPLIN). In Croatia,38 oil fields are active, and the maximum amount of oil came from 8 most
important fields, that contain 83% of the total reserves discovered in Croatia. During the war (1991

1995) from 34 oil fields, only 22 of themworkedll | oi | fi el ds i @dds.Croatia ar

Refining'storage in the Republic of Croatia is carried out in an oil refinery owned by a company INA
Oil Industry dd. at two locations in Rijeka (INARNR) and Sisak (INA RNS). Production capacities
of the Croatian refineries are shown in Table®.2

1.B.2.b. Natural gas

In Croatia, the production/processing, and transmission of natural gas takes place in private facilities.
Extraction and production of natural gas in Croatia carried out by liAIndustry dd. in the segment

activity SD Exploration & Production (formerly INA NAFTAPLIN). The main gas fields with 70% of

total reserves are located in the three largest gas armbgdsnsate fields, namely Molve, Kalinovac

and Stari Gradac in the western part & Brava depression, along the border with Hungary. The work

site "Molve" provides between 70% and 75% of gas and condensate per year in Croatia, satisfying about
50% of the needs. One of the old gas fields around the Sava Depression turned into underground gas
storage capacity of 500 mil.’m

Molve processing gas facilities includglant for treatment and preparation of gas for transportdtion.
addition to Molve, gas has been processNatdralsi nce
gas from gas condensate reservoirs "deep Podravine" except hydrocarbons contains a range of harmful
substances (COH.S, RSH, Hg, sedimentary water). In order to satisfy the quality of output and safety

of the processing plants, harmful impurities is necessary to isolate and eventually defpegkedut

harm to the environmen¥atural gas produced in Croatian gas fields (Molve and Kalinovac) contains a
large amount of C& more than 186, and before coming to commercial pipeline has to be cleaned
(scrubbed)Since the maximum volume content of 4@commercial natural gas i3, it is necessary
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to clean the natural gas before transporting through pipeline tosemg. Because of that, the Scrubbing
Units exist athelargest Croatian gas field.

The basic technological processes at the plant include gas preparation by removing acid gases (CO
H2S), separation of the hydrocarbon mixture by fractionation into pure components and isomerization
of the separated hydrocarbon mixture

The gas from production wells is transported trough over sixgliection and transmission systems
delivered to the processing facilities Molve.

The gas treatment process is divided into several phases:

separation- the gas phase is separated of liquid (saltwater and gas condensate)
saltwater is pumped in negative wells and condensate is shipped to the refinery

removal of mercury from gas with adsorption activated carbon impregnated with sulfur

separation of C® and HS from gas with absorption using 40% solution of
methyldiethanolamine. Process solution passes the cleaning process (regeneration) in
stripercolumn. Cleaned and freed of €@as is returned back into the system. Acid
gases are dispatched to theCat unit

gas dehydration with molecular sieves (CPS lll), or with triethylene glycol (CPS Il and
I) removes the remaining moisture

NGL sectioni with supercooling gas process heavier hydrocarbons than ethane are
liquefied to higher hydrocarbons. C3 + fraction is sent to fractionation facility Ivanic
Grad for further processing, and the remaining gas goes into the distribution system o
for internal consumption

Lo-Cat plant processes the current ,Cdd HS released from metyldiatomaceous
solution. HS is oxidized to the elemental sulphur

EOR compressordPart of CO, with remainingH-S is sent to the compression where

the pressure from 150 mbar is raised to 30 bar, dehydrates and sent to the plant OFIG

where the pressure raised to 90 bar and then to 180 bar with compression. Compressed
gasissenby pi peline to the oil fields |vanil
to raise oil production

RTO units-Part of CQwith remaining HS goes to RTO units. theoxidation process

at 806900°C H.S is converted to Sand released to the atmosphere (drain height 60
m). Regenerative thermal oxidizer (RTO) is a type of thermal oxidizers whose work is
on autothermal principle (without the use of burner). RTO used layers of ceramic media
to achieve thermal efficiency. Cenic material absorbs the heat from the exhaust gas
and use the captured heat to heat incoming cold gaseljulated cycle using two or
more layers which operate alternately to the heating of input gas or cooling output gas.

CO, balance for the period from 2010 till 2015 is given in Table23.3



Table 3.32: CO: material balance for the period 262015

Quantity  of
gas, input,
m3lyear

Average
annual
amount  of
COzin input
gas, vol%

Average
annual

amount
CO2 in the
output

ppm

Quantity of

gas, output,

m3lyear

water intake
gas obtained at
stripping
MDEA

solution

m?/ year

CO2 from
balance,
m3lyear

CO2 from
balance,
kglyear

CO2 obtained
by measuring,
m3lyear

CO2 obtained
by measuring,
released to
atmosphere,
kg/god

CO2obtained
9%
calculation,
mlyear

Compressed in
EOR unit,
mlyear

Difference of
calculated a
measured
CO2, %

2010 | 25.55 9 1,041,050,600 | 785,655,500 | 8,543,900 246,851,200 | 461,611,744 260,567,592 487,261,397 265,988,428 | 0 5
2011 | 26.88 8 1,010,863,066 | 653,903,801 | 7,621,100 349,338,165 | 653,262,369 275,200,410 514,624,767 271,719,992 | 0 -27
2012 | 24.96 7 932,917,400 576,545,600 | 6,339,400 350,032,400 | 654,560,588 229,515,426 429,193,847 232,856,183 | 0 -53
2013 | 25.06 7 962,809,200 696,967,200 | 6,295,400 259,546,600 | 485,352,142 218,919,822 409,380,067 241,279,986 @ O -19
2014 | 26.78 7 817,973,320 585,844,400 | 4,894,900 227,234,020 | 424,927,617 239,663,586 397,082,883 219,053,255 | 27,319,798 5
2015 | 28.46 9 786,636,100 561,619,600 | 4,896,347 220,120,153 | 411,624,686 223,559,815 192,349,451 223,876,634 | 120,699,146 2

CO; density on 15°C is 1.87 kg?m
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The estimated C{emissions, by the material balance method, are presented in TaBle 3.3

Table 3.33: The CQ emissions (kt) from natural gas scrubbing in CGS Molve

CO emission| 1995 | 1991 | 1092

(kt)

Central Gas

Station Molve 415.95 455.83 | 477.33

1993

676.12

1994

604.87

1995

739.27

1996

716.40

1997

1998

667.17 | 589.17

1999

579.32

2000

633.02

lvani i

fraction facility 0.00 0.00 0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

TOTAL 415.95 455.83 | 477.33

676.12

604.87

739.27

716.40

667.17 | 589.17

579.32

633.02

CO, emission

(kt)

Central Gas

Station Molve 687.64 | 702.08 @ 657.51

709.58

691.25

700.25

663.33

575.82  516.44

487.26

509.04

lvani i

fraction facility 0.00 0.00 0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

TOTAL 687.64 | 702.08 @ 657.51

709.58

691.25

700.25

663.33

575.82  516.44

487.26

509.04

emission| 2012

Central
Gas
Station
Molve

429.19 | 409.38 | 397.08 | 192.35

157.07

232.16

207.05

157.76

173.72

163.76 | 244.96

196.51  137.65

Il vani
Grad
fraction
facility

0.00 0.02 161 10.05

29.19

29.26

29.26

83.28

73.69

81.44 | 73.61

71.36 | 71.36

TOTAL | 429.19 | 409.40 | 398.69  202.40

186.26

261.42

236.30

241.04

247.40

24519 | 318.57

267.87 | 209.01

Transport system carried out by transport system operator (OTS) company Plinacro Ltd. and by
distribution system operators (34 company). The transport system managed by the transmission system
operator Plinacro.d.o., consists of international, main, regional and developable pipeline and facilities

to the pipeline, measuring reduction stations (MRS) of various capacities and other facilities and systems
that enable reliable and secure transport system. Basic dae ©fdatian transport system are shown

in Table 3.34.

Table 3.34: Basic data on the natural gas transport system of the Republic of Croatia

Natural gas transport system of the Republic of Croatia

Number of transmission system operators

1

The total length ofhepipeline gas transport system

2693 km

Interconnection / transmission system operator:

Rogatec / Plinovodi d.o.o. (SLO)

Dravaszerdahely / FGSZ Ltd. (HU)

Underground gas storage / gas storage system operator:

Ok ol

i

Podzemno

s ki

adi




Natural gas transport system of the Republic of Croatia

Inputs from domestic production / gas producer UMS CPS Molve / INA-d.d.

UMS Etan, I|vaddi Grad |/
UMS PS Ferdinandovac / INAd.d.

UMS PS Gola / INA d.d.

UMS PS Hampovica / INAd.d.

UMS Terminal Pula / INAGIP Ltd

Number of connections forendusers connection to th 34

transmission system:

Number of connections to the distribution systems and Number of ports: 152
number of distribution system operators: Number of operators DS: 37

Number of balancing zones: 1

The total GHG fugitive emission from oil and natural gas systems are shown in the Tablan8.3
Figure 3.32.

Table 3.35: The CQ-eq emissions (kt) from oil and gas systems

_ 1990 | 2000 | 2005 2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024

Oil activities 404.7 | 1839 1446 | 1103 | 1025 | 96.4 92.2 89.2 85.9 80.4

Gas activities 579.8 1 7853 | 890.6 | 719.6 | 364.1 | 364.2 | 357.0 | 422.2 | 366.6 | 303.0

Venting and Flaring 1.2 0.5 0.4 0.3 0.2 0.2 0.1 0.1 0.1 0.1

Total 985.7 1 969.6 | 1,035.6 830.2 | 466.8 | 460.8 | 449.4 | 5115 | 452.7 | 383.5

Figure 3.32: The fugitive emissions from oil and gas activities
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The CQ-eq emissions from this stdector wer@.2 % of the total emisions from Energy sector in 240
From 2006 oil and gas productida continuously decreasing consequently »@&Q emission is
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decreasing toon 199Q 41% of total fugitive emission arises from oil activities while in 2@hly
21.0% of total fugitive emissions arises from oil activities.

The activity data and emission factors used to calculate fugitive emissions from oil and gas are shown
in Table A319 and A320, Annex 3.

Fugitive emission of ozone precursors and SO

Emissions of indirect GHGs fahe whole time period (199Q@024) was set up according to the
EMEP/CORINAIR methodology. Emissions were obtained from the emission inventory report

0

Republic of Croati a

Transboundary Air Pol
range Transboundary Air Pollution Convention according to the Act on Air Protectionl2@E0,
57/22 136/29.

| nf @4, oraler iCongentibnnon d.ongrge vy

| u

tion

(CLRTAP)

whi < h

A summary of estimated results of the fugitive emissions of CQ, N®VOC and SQare illustrated
in the Table 3.% and Figure 3.3.

Table 3.36: The fugitive emissions of ozone precursors and f&fn fugitive emissions sector

Emissions (kt) 1990 2000 2005 2010 2015 2020 2021 2022 2023 2024

co emission 50.62 54.33 54.66 40.26 26.16 16.47 16.24 13.77 14.28 14.89
NOx emission 0.33 0.33 0.33 0.24 0.18 0.11 0.10 0.09 0.09 0.09
NMVOC 5.82 5.21 4.96 4.41 3.30 2.36 2.35 2.23 2.37 2.70
emission
SO2 emission 2.42 3.57 354 2.72 3.66 1.93 2.03 1.68 1.77 1.79
Figure 3.33: The fugitive emissions of CO, NONMVOC and SQ@
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3.3.2.2. Methodological issues

Fuqitive emission of CH

For estimating the fugitive emission of methane from oil and gas the simplest procedure has been used
(Tier 1), which is based on production, unloading, processing and consumption of oil and gas. According
to the IPCC, all countries are divided into regiavith relatively homogenous characteristics of oil and

gas systems. Croatia used emission factor for developed countries (2006 IPCC Guidelines, pages 4.48
4,53, table 4.2.4.). For some activities range for emission factor is given in Table 4.2.4. casthat
average values were used as emission factors.

Data about quantities of production, unloading, processing, storing and consumption of oil and gas are
taken from the national energy balance. Data on oil transported by pipelines were obtained from JANAF
d.d. (Jadranski naftovod). Data on oil transpoligdankers were obtained from INA d.d. (Industrija
nafte).

Fugitive emission of CQ and N.O

For estimating the fugitive emission of €&nd NO from oil and gas the simplest procedure has been
used (Tier 1), which is based on production, unloading, processing and consumption of oil and gas.
According to the IPCC, all countries are divided into regions with relatively homogenous characteristics
of oil and gas systems. Croatia used emission factor for developed countries (2006 IPCC Guidelines,
pages 4.481.53, table 4.2.4.). For some activities range for emission factor is given in Table 4.2.4., in
that caseaverage values were used as emission factors.

Data about quantities of production, unloading, processing, storing and consumption of oil and gas are
taken from the national energy balance. Data on oil transported by pipelines were obtained from
Statistical yearbok, CBS Data on oil transported by tankers were obtained from INA d.d. (Industrija
nafte).

Fugitive emissions from oil transported by Tanker trucks and Rail cars were estimated for the whole
period from 1990 t@024.

N2O emission from QOil production was reported under 1B2c2i section be€RiBeeporter has no
possibility of enterindN.O emissions under 1B2a category.

All N2O emissions from Natural gas production, Processing and Transmission were reported under
1B2c2ii section becauseR T reporter has no possibility of enteriNgO emissions under 1B2b category.

CO, emission from natural gas scrubbing

The methodology for estimatinGO, emission from natural gas scrubbing is not given in IPCC
Guidelines. The&€O, emission is determined on the base of differences inddtent before and after
scrubbing units and quantity of scrubbed natural gas.

The fugitive emissions from oil and gas activitiesstrewnin Table A3-19, Annex 3.

'IE' Notation key for CO, emissions in 1.B.2.c.2 (Flaring)

In CRT Application in cell commentsall necessary comments are entered. Becauadwog in CRT
application comments are not transferre@RT tables properly. Data in category 1.B.2.c.2 are allocated
in 1.B.2.b category.
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3.3.2.3. Uncertainties and timseries consistency

The simplest procedure (Tier 1) is used to determine fugitive emission from oil and natural gas activities.
This approach is based on activity data (production, transport, refining and storage of fossil fuels) and
average emission factors. Due to the camity of the oil and gas industry, it is difficult to quantify the
uncertainties. The uncertainty of calculation is linked mostly to the emission factor, just like the
determination of fugitive emission of methane from coal mining and handling. The estiedted that
theaccuracy othe calculation of fugitive emission from oil setterthan from fugitive emission from

gas, but the uncertainty of both estimations is pretty high.

The CO, emission fromthe scrubbing of natural gas is also shown here. The calculation is based on
material balance which gives much better accuracy/gt5

Time-series consistency

Activity data, emission factors and methodology implied for GHG emission calculation from fuel
combustion activities are consistent floe entire period.

3.3.2.4. Categoryspecific QA/QC and verification

For fugitive emissions from oil and gas operatian3ier 1 method was applied and emission factor is
value proposed in the 2006 IPCC Guidelines. The @®@ission from natural gas scrubbing in CGS
Molve was estimated usingountryspecific methodology since IPCC Guidelines does not provide
methodology for this source category.

During the preparation of the inventory submission activities related to quality control were mainly
focused on completeness, consistency, comparability, recalculation and uncertainty of activity data,
emission factors and emission estimates.

3.3.2.5. Categoryspecific recalculations

Recalculations were not performed inCN2026.

3.3.2.6. Categoryspecific planned improvements

For estimation of fugitive emissions from oil and natural gas operatiohier 1 method was applied.

Used emission factors are an average value of the range proposed in the IPCC Guidelines. However,
fugitive emission from natural gas is key source and implementation of rigorous -spauoific
evaluations approach (Tier 2)riscessary. Oalong term basigheinventory team is planninig apply

Tier 2 approach for calculation of fugitive emissions from oil and natural gas operations.

3.4.CO; transport and storad€RT 1.C)

CQO, transport andCO; storage is not occurring in Croatia.



Chapter 4:Industrial processes and product uS&RT
sector 2)

4.1 Overview of sector

GHG emissions reported undeRT sector 2 refer to emissions released from the physical and chemical
process of transforming raw materials into industrial products, from the use of GHGs in products, and
from nonenergy uses of fossil fuel carbon.

The following subcategories are includeddRT sector 2: Mineral industry, Chemical industry, Metal
industry, Nonrenergy products from fuels and solvent use, Electronic Industry, Product uses as
substitutes for ODS and Other product manufacture and use.

Generally, only proces®lated emissions are considered in this sector. Emissions due to fuel
combustion in manufacturing industries are for the most part allocated to the Energy sector (IPCC
Category 1.A.2 Fuel CombustionManufacturing Industries ando@struction) Moreover, emissions

due to consumption of certain fuels (e.g. coke or coal) as feedstock in various production processes, are

allocated tahe Energy sector as well, since they have been accounted for as fuel consumption in the
national energbalance and reported in the Energy sector (for detailed explanation see chapter 3.1.1.)

For the installations subject to reporting obligations under the EU ETS, emissions are taken from verified
EU ETS annual emissions reports (available since 2@aegories that include verified ETS data in

this sector are: 2.A.1 Cement Production; 2.A.2 Lime Production; 2.A.3 Glass Production; 2.A.4 Other

Process Uses of Carbonates; 2.B.2 Nitric acid production and 2.C.1 Iron and Steel Prdduckitails

on the reasons for excluding the verified ETS data from ammonia manufacturer from this sector see
chapter 4.3.1.2).

For other activities, activity data are generally taken from statistics or are obtained directly from the
operators. All data provided by operators are presented in this report only to the extent that
confidentiality concerns permit.

4.1.1. Emission trends

Annual GHGs emissions from the IPPU sector, expressed in keG@reshownin Figure 4.11.

Figure 4.11: Emissions of GHGs from Industrial Processes and Product Use
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Regarding emissions trends in this sector, it is necessary to point out a few general facts. The Republic
of Croatia was the federal unit of SFR Yugoslavia until 1991. After the breakup of Yugoslavia and
Croatian independence, the transition from a sati@tionomy into a system based on private ownership

and open market economy was slowed down due to war aggression on CroatiB9@991n addition

to adapting economic policy to defence needs during the war period, thevgrostconomic
development waburdened by major war damages.

After overcoming direct war problems, Croatia experienced GDP growth, with the highest annual
growth rate recorded in 2002, to reach thewae level in 2003. The GDP growth trend continued until
2008, when it declined and then stagnated, which was causeakily by the world economic crisis,

after which it started to slowly recover over the last few yealisthis has reflected on industrial
production trends in Croatia, and consequently on emissions trends in this sector.

It should also be noted that during the war, some of the factories were directly affected by warfare, and
their production activities were discontinued or significantly reduced, with frequent interruptions. In
many cases, these facilities were devastatetg with their archives, which contained data needed to
calculate the emissions. Since it was an atypical period of production, estimates of missing data are
hampered by incomparability with other, rmar years, as well as incomparability with plant there

in operation in areas that were not affected by warfare to this degree.

Moreover, some of the statistical data which were available in the base year are no longer being collected
in the same form, i.e., with changed statistical standards during the reporting period, certain data are
now covered by different classifications aaggregation levels. Therefore, it was necessary to apply
some of the methods for data estimation in accordance with the Guidelines (2006 IPCC Guidelines,
Volume 1: General Guidance and Reporting), which is described in detail by source categories in the
following chapters.

In Industrial processes and product gsetor source categories shown below represent key source
categories (detailed in Table 41).

Table 4.11: Key categories in Industrial processes and product use sector based on the level and trend asses#ghent in 202

Table

Tier 1 and Tier 2 AnalysisSource Analysis Summary (Croatian Inventory240

IPCC Source Categories Key If Column C is Yes, Criteria for Identification
source

2.A.1 Cement Production co Yes Lle T1i L1i Tle

2.B.1 Ammonia Production co Yes T1i Tle

2.B.2 Nitric Acid Production N O Yes T1i Tle

2.B.8 Petrochemical and Carbon Black Production co Yes T1i Tle

2.C.2 Ferroalloys Production co Yes T1i Tle

2.C.3 Aluminium Production co Yes T1i

2.C.3 Aluminium Production PFCs Yes T1i Tle
Aggregate

2.D Nonenergy Products from Fuels and Solvent Use F-gases Yes T1i T2i T2e

2.F.1 Refrigeration and Air conditioningAggregate F ases Yes Lle L2e Tl T2i L1i L2 Tle T2e

Lle- Level excluding LULUCF Tierl  Tle- Trend excluding LULUCF Tierl
L2e- Level excluding LULUCF Tier2  T2e- Trend excluding LULUCF Tier2
L1i - Level including LULUCF- Tierl T1i- Trend including LULUCF Tierl
L2i - Level including LULUCF- Tier2 T2i - Trend including LULUCF Tier2

1 Data on key categories are taken from Annex 1 Key categories (diet Tier 2)
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4.2 Mineral industry CRT 2.A)

4.2.1. Cement production (2.A.1)
4.2.1.1. Category description

In cement production, process emissions originate from calcium carbonate (and to a lesser degree from
magnesium carbonate) in raw materials that releaseb@®eating.The resulting calcium oxide is

heated to form clinker which is thenogind and mixed with gypsum and other additives to form cement

as a final product.

During the reporting period, there were seven factories in operation in Croatia. Four factories were active
throughout the entire period (1989@ward. One of them produces aluminate cement, while other
factories (including those that are inactive today) produced portland cement. In the aluminate cement
production plant, portland cement was also produced in the second production line until 1997.

One factory was closed in July 1994, and two operated with intermittent interruptions (one was active
during periods 1990995 andsincel1998, and the other during 192009 and during 2014).

Production varied depending on the economic situation and demand on the market, thus overall
production at the national level decreased in the period-199% as a result of the war. In the period
19962007, production increased with the escalation irsttantion sector activities. The trend after
2008 is a result of the economic crisis followed by a slow recovery after 2012.

Since 2013, all active cement plants are covered by EU ETS (five factories in the periaxh2@t®
andone factory only in 2014, since it was not in operatipother yearg

4.2.1.2. Methodological issues

Methodology
- T2(199062012)

- T2, T3 (20130onwargd

CO; emission for the period 1998012 (before inclusion into the EU ETS) is calculated using the Tier

2 method (2006 IPCC Guidelines), which includes multiplying emission factor (expressed in tonnes of
CQO; released per tonne of clinker produced) by annual clinker production adjusted for the clinker
fraction Al ostfi as cement kiln dust ( CKD) . I n
individually.

CO; emission [t] = clinker production [t] x EF [t G clinker] x CKD correction factor

Since 2013, data on emissions and used calculation methodologies, which are verified by independent
accredited verifiers, are delivered to the Minisegponsible for environmental protectias part of the

annual emission report under the EU ETBe Ministry then delivers these data to IPPU sector experts
and all verified data are included in the inventory without any adjustments. Two of the factories covered
by the EU ETS for their emission calculation use the method based on the input oftesial rizathe

kiln, which is comparable to Tier 3 method from the 2006 IPCC Guidelines, while the other factories
use method based on clinker production, which is comparable to Tier 2 IPCC method.

Emission factors

- PS (19900onwardi six factories)
- D (199019947 one factory)
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For the period 1992012, the emission factor was determined for each plant separatelysfpdaific
EF) based on the CaO and MgO content of carbonates in the clinker produced.

CaO and MgO content from carbonates in the produced clinker was calculated by subtracting CaO and
MgO originating from norcarbonate sources from the total CaO and MgO content of clinker. CaO and
MgO content from carbonates was then multiplied by the ratdeweight ratio of C@to CaO or MgO,

as follows:

EF = Ekcaot ERugo= (CaQy-CaQys) x 0.785 + (MgQ-MgOns) x 1.092

Where:

EFcaoand Elgo - emission factors for CaO and MgO from carbonft€0,/t clinker]
CaQyand MgQ - total CaO and MgO content of clinkit clinker]

CaQsand MgQs- CaO and MgO content of clinker from noarbonate sourcgst clinker]
0.785 - molecular weight ratio C&€CaO

1.092 - molecular weight ratio C&MgO

Total CaO and MgO content in clinker is measured by all factories in their internal laboratories on a
daily basis, except for one factory that ceased to measure this parameter after its inclusion in the EU
ETS, since it uses the kiln inphased methodology for the calculation of its emissions.

For one factory (which ceased operations in 1994), data on CaO and MgO content of clinker are
unavailable and default emission factor (2006 IPCC Guidelines) was used for the calcAlaton.

within one factory there were two production lines, one of which was suspended in 1997 and no data on
non-carbonate sources are available for it, and theré@ftseassumed that this factory did not use-non
carbonate sourcder clinker production in the period 192m12.

Aluminate cement/clinker is produced by melting a mixture of limestone and bauxite, thusthe CO
emission factor is considerably lower than in portland cement (about 0.3/t €i®ker), but its
production in Croatia makes on average less than 4% of total produced clinker.

Cement kiln dust correction factor (&4 depends on production technology. For three factories, due
to insufficient data, default Gk (2% of total CQ emissions from clinker production, 2006 IPCC
Guidelines) was used for the whole time sepger to ETS inclusionin one factory, in the periods
19901995 and since 2008, all CKD was recycled, thereforg€F, and default Cfqwas used for the
period 19962007. In the remaining three factories, for technological reasons, there is no dust lost from
the kiln and Ckq=1 for the whole time seriés

Since 2013, calculations of verified emissions for all plants include all data in accordance \WiSEU
requirements and Tier 2/Tier 3 methodology from the 2006 IPCC Guidelines

Activity data

For the period 199Q006, data on clinker production, CaO and MgO content of clinker and CKD were
collected within two projects conducted in 2007 and 2088 study: Croatian Cement Industry and

2 Data required for Cda calculation were obtained from the factories but since the uncertainty of these (estimated) data was
extremely high, default factor was used instead. For all plants for whigh=CFdata were collected directly from the
plants. As part of the verification of the emissions reports (EU ETS), visits made to these plants confirmed that they do not
Al osei CKD in the production process.

3 For the period after the inclusion in the EU ETS, data oraanhonate sources are available, however, as data significantly
differ over the years (type and quantity of raw material), it was not possible to estimate missing data for other years on th
basis of this data.



Climate Chang¥(includes six factories); and the programme:zE®ission Reduction Programme for
Istra cement plah(includes one factory). All data were collected by a direct survey of the factories.

For the period since 2007, required data are submitted by the factories, also in the form of completed
guestionnaires, to thiglinistry responsible for environmental protectiand then delivered to IPPU
sector experts.

In communication with the operators, the unavailability of older historicabtiatarrcarbonate sources

was established. Availability varies by factory, but data for the period up toat8f8t available for

any factory in Croatia. For individual plants, there are data on the consumption-cdinhonate raw
materials, but no anadgs of the composition of the raw material, or the content of Cao and MgO in
individual materials, have been carried out. €kimateof missing data was performed in accarcia

with methodology from the 2006 IPCC GL guidelines (Volume 1: General Guidance and Reporting,
Chapter 2: Approaches to Data Collection), depending on the level of data availability for each year and
each individual plant. In the estimation of missingagdaverage data for the nearest time period with
known data was usetle., mostly data of 10 nearest years with available data were used.

From the submitted data, it can be concluded that bauxite, slag and pyrite are the most commonly used
non-carbonate sources of CaO and MgO in Croatia. Limestone and marl are the most commonly used
carbonate raw materials in the production of clinker.

Since 2013, together with data from verified emission reports, the Ministry also delivers completed
questionnaires from the factories, which are mainly used as a source of data on produced clinker.

Factories calculate clinker production from raw material inputs, except for one factory that uses a
combination of methods, inter alia, by determining the volume of clinker pile.

Table 4.21 gives an overview of total annual clinker production in Croatia and resulting emissions.
Since there is only one factory that produces aluminate cement, due to confidentiality, separate
production data by each type of clinker cannot be presented in this report.

Table 4.21: Total clinker production and process emissions of CO

~ ota e ota proce &)

1990 2,062.4 1,0862
1991 1,337.1 7042
1992 1,566.3 8266
1993 1,305.1 6824
1994 1,583.7 8340
1995 1,197.6 6226
1996 1,306.3 6826
1997 1,533.8 8019
1998 1,649.1 8611
1999 2,151.0 1,1286
2000 2,382.1 1,257.0
2001 2,739.2 1,4433
2002 2,698.6 1,4235
2003 2,692.1 1,4269
2004 2,852.2 1,5100

4The study was made on the initiative of the Croatia Cement g.i.u. association (prepared by EKONERG Ltd.).
5 Programme was ordered by Istra cement Plc. and prepared by EKONERG Ltd.
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Year Total clinker [ Total process C©
production (kt) emission (kt)

2005 2,926.6 1,5419
2006 3,104.4 1,6351
2007 3,160.5 1,6615
2008 2,995.1 1,567.8
2009 2,439.1 1,2470
2010 2,320.5 1,2102
2011 2,071.7 1,0819
2012 1,996.5 1,0347
2013 2,198.3 1,141.0
2014 2,318.5 1,225.1
2015 2,155.8 1,169.2
2016 2,055.2 1,076.5
2017 2,411.1 1,287.3
2018 2,325.8 1,210.7
2019 2,272.4 1,184.1
2020 2,350.7 1,212.9
2021 2,406.0 1,204.8
2022 2,2529 1,0991
2023 2,301.1 1,117.8
2024 2,0766 99%4.6

4.2.1.3. Uncertainties and timseries consistency

Uncertainty estimate associated with activity data and emission factors amounis sx@rding to
values given in the 2006 IPCC Guidelines.

4.2.1.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission, activities related to casgageific quality control

were mainly focused on completeness and consistency of emission estimates accdlw2pi6
IPCC GuidelinesFurthermore, documenting and archiving all input data and information relevant for
the calculation of emissions is ensured.

Since 2013, although they are no longer needed for calculation of emissions, questionnaires from the
factories are still being collected to identify and document possible changes in the operation of
individual plants. It should be noted that some of tltofées that use the methodology based on the
input of the raw material to the kiln are no longer analysing the clinker composition and it is not possible
to make a comparison of emissions according to Tier 2 methodology.

4.2.1.5. Categoryspecific recalculations

There were no recalculations.

4.2.1.6. Categoryspecific planned improvements

There are no improvements planned for this category.



4.2.2. Lime production (2.A.2)
4.2.2.1. Category description

In lime production, C@is generated during the calcination stage, when limestone (faCdblomite
(CaCQ*MgCOg) are heated to high temperatures (A@00°C) in a kiln to produce quicklime (CaO)
or dolomitic lime (CaO*MgO).

During the reporting period, five lime factories were active in Croatia; two of them were producing both
quicklime and dolomitic lime and three were producing only quicklime. Lime production fluctuated
over the years. One factory ceased its operation808 @1d one in 2011. Furthermore, factories that

are stillactive had a varying production and even periods of halted operations over the years (one did
not produce lime from 1992 to 1997, as it was severely damaged during the war, and the second one
during 2009 due to technical reasordso, one factoryceased production iB010 and restartedits
operations ire019. Entire poduction of dolomitic lime was stopped in the period 129%5.

Since 2013, all active lime factoriefi@efactories) are covered by the EU ETS.

During 1990 and 1991, a certain amount of-nmarketed quicklime reagent was also produced in pig
iron production plant.

QuicKime is also produced for the purposes of sugar refining in three sugar mills, but it has been
established that all the G@roduced is returned to the process and that no emissions occur from this
activity.

Apart from the abovementioned, there is no other identifieehmarketed lime production in Croatia.

Production trend is very similar to trends in the cement industry due to the same dependence on the
economic situation and market demands.

4.2.2.2. Methodological issues
Methodology

Lime factories
- T2(199062012)

- T3 (2013onward

CO; emission for the period 1998012 (before inclusion into the EU ETS) for all lime factories is
calculated using the Tier 2 method (2006 IPCC Guidelines), which includes multiplying emission factor
(expressed in tonnes of G@leased per tonne of lime produced) by annual lime production. Since all
production data used in calculations refer to total-mgafrated lime produced in each factory, the
application of correction factor for hydrated lime was not needed.

In this way, the emission was calculated for each plant individually, with the exception of two factories
whose activity data for the period 192004 could not be collected separately (they were owned by the
same manufacturer), thus emissions for thigsogewere calculated for both factories together.

Only one of the lime producing factories (including pig iron manufacturer)ausgsry kiln, but all
lime kiln dust (LKD) in this factory is being returned to the kiln. Other factories use vestiatilkilns
that generate negligible amounts of LKDherefore, correction factor for LKD was not used in
calculations for any of the factories.

Since 2013, data on emissions and used calculation methodologies, which are verified by independent
accredited verifiers, are taken from the annual emission report under the EU emission trading system.
All verified data are included in the inventory with@any adjustments. Factories covered by the EU
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ETS for their emission calculation use the methodology based on the input of raw material to the kiln,
which is comparable to Tier 3 methodology from the 2006 IPCC Guidelines.

Pig iron manufacturer

- T1(19901991)

Emissions from quicklime production for the needs of pig iron manufacturing process in one plant
during 1990 and 1991 were calculated using the Tier 1 method (2006 IPCC Guidelines), i.e. by

multiplying a default emission factor by annual lime productiome, td the unavailability of data needed
for Tier 2.

Emission factors

- PS (19900onwardi lime factories)
- D (199019911 pig iron factory)

For the period 1992012, the emission factor was determined for each plant separatelysfpdaific

EF) based on the CaO content of quicklime and CaO*MgO content of dolomitic lime produced. Non
carbonate feeds to lime kiln were not taken into accomatsbnly negligible quantities are used, as
reported by factories. CaO /CaO*MgO content of lime was then multiplied by the molecular weight
ratio of CQ to CaO or CaO*MgO, as follows:

EFRy= CaQ;x 0.785
EFa= CaO*MgQy x 0.913

Where:

EFy and ER - emission factors for quicklime and dolomitic lifteCOy/t lime]
CaQy - CaO content of quicklimft CaO/t quicklime]

CaO*MgQy - Ca0O*MgO content of dolomitic limg CaO*MgO/t dolomitic lime]
0.785 - molecular weight ratio C&CaO

0.913 - molecular weight ratio C& CaO*MgO

As for the quicklime production within the pig iron manufacturing facility, default emission factor of
0.75 tonnesCO; per tonne lime (2006 IPCC Guidelines) was used for the calculation.

Since 2013, calculations of verified emissions for all plants include all data in accordance \WiSEU
requirements and Tier 3 methodology from the 2006 IPCC Guidelines.

Activity data

For the period 199Q007, data on nehydrated lime production in lime factories and CaO/CaO*MgO
content of lime were collected within the project conducted in 2008 study: Croatian Lime Industry
and Climate Chanddincludes all lime factories). All data for this study were collected by a direct
survey of the lime factories.

6 The study wasrdered by PROMINS.i.u.and prepared by EKONERG Ltd.



Required data for the period after 2007, lime factories submitted in the form of completed questionnaires

to theMinistry responsible for environmental protectjiavhich then delivered #data to IPPU sector
experts.

In addition, data on lime production in 1990 and 1991 were collected directly from the pig iron producer.

CaO/Ca0*MgO content of lime is measured by intefaatory laboratories or external laboratories.
For one lime factory, for the period 192007, only a producer's estimate of the CaO content of lime

was available (i.e. this parameter was not measured), while data from this factory submitted for the years

after 2007 were acquired by the analysis performed by an accredited laboratory. Due tmiisténcy
of these estimates with data for the rest of the time series (and with the range provided by the

Guidelines), the average value of the CaO content for the years for which the measured data was

submitted was used in emission calculations.
Since 2013, together with data from verified emission reports, the Ministry also still delivers completed

questionnaires from the factories.

Summarized data on lime production, emission factors and calculated emissions are given in Tables 4.2

2 and 4.23.

Emissions declined after 1990 as a result of the war, after which a rapid growth is recorded mostly due

to the increase in construction sector activities, which were slowed down by the economic crisis after
2008. Moreover, termination of pig iron productim 1991 contributed to a drapemissions in 1992.

Table 4.22: Lime production

Q e prod D0I0 Q e prod O ota
ea prod
e factorie Actorie D pla prod 0

1990 193.2 7.5 18.6 219.3
1991 143.6 NO 11.7 155.3
1992 106.4 NO NO 106.4
1993 116.9 NO NO 116.9
1994 117.2 NO NO 117.2
1995 113.5 NO NO 113.5
1996 109.2 38.1 NO 147.3
1997 100.9 55.2 NO 156.0
1998 105.3 53.4 NO 158.6
1999 90.8 52.7 NO 143.5
2000 105.4 68.6 NO 173.9
2001 118.2 84.8 NO 203.0
2002 1291 94.4 NO 223.5
2003 124.6 96.2 NO 220.8
2004 181.3 56.7 NO 238.0
2005 169.9 78.7 NO 248.6
2006 199.1 98.2 NO 297.3
2007 194.2 110.3 NO 304.5
2008 167.9 118.4 NO 286.2
2009 111.0 84.9 NO 195.9
2010 72.3 87.4 NO 159.7
2011 62.9 71.8 NO 134.7
2012 43.5 59.3 NO 102.8
2013 449 52.9 NO 97.8
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Quicklime production

in lime factories (kt)

Dolomitic
production in
factories (kt)

lime

lime

Quicklime production| Total

in pig iron plant (kt)

lime
production (kt)

2014 40.0 53.4 NO 93.4

2015 52.0 46.2 NO 98.2

2016 44.2 42.2 NO 86.4

2017 39.9 67.0 NO 106.9
2018 40.1 75.1 NO 115.2
2019 82.5 38.5 NO 121.0
2020 39.8 89.2 NO 129.0
2021 35.7 117.5 NO 153.2
2022 36.0 102.8 NO 138.8
2023 38.4 83.3 NO 121.7
2024 374 82.1 NO 1195

Table 4.23: Emission factors and G@missions from lime production

Quicklime EF
average, all
factories (t/t)

Dolomitic lime EF -

average, all
factories (t/t)

lime

Quicklime EF-
pig iron plant
(t/)

IEF T

production (t/t)

total lime

Total emissions fro
the production of lime
()

1991 0.71 * 0.75 0.72 111.2
1992 0.72 * * 0.72 76.7
1993 0.73 * * 0.72 84.8
1994 0.73 * * 0.73 85.2
1995 0.74 * * 0.73 83.4
1996 0.72 0.86 * 0.74 111.7
1997 0.72 0.85 * 0.76 119.6
1998 0.71 0.87 * 0.77 121.7
1999 0.71 0.87 * 0.77 110.6
2000 0.71 0.89 * 0.77 135.7
2001 0.71 0.89 * 0.78 159.7
2002 0.72 0.89 * 0.79 176.8
2003 0.71 0.88 * 0.79 173.6
2004 0.72 0.89 * 0.79 181.5
2005 0.73 0.88 * 0.76 192.3
2006 0.72 0.90 * 0.77 231.9
2007 0.73 0.90 * 0.78 240.2
2008 0.75 0.90 * 0.79 232.6
2009 0.71 0.86 * 0.81 152.0
2010 0.72 0.90 * 0.78 130.8
2011 0.69 0.89 * 0.82 107.6
2012 0.69 0.88 * 0.80 82.1
2013 0.65 0.85 * 0.80 74.3
2014 0.64 0.86 * 0.76 715
2015 0.64 0.86 * 0.77 73.4
2016 0.62 0.86 * 0.75 63.8
2017 0.63 0.85 * 0.74 82.1
2018 0.64 0.84 * 0.77 88.9
2019 0.73 0.84 * 0.77 92.7
2020 0.70 0.85 * 0.80 103.7




Quicklime EF i | Dolomitic lime EF - | Quicklime EF- EF i total lime Total emissions fro

Year average, all limg average, all limg pig iron plant : the production of lime
factories (t/t) factories (t/t) (t) FEREE ) g

2021 0.70 0.83

2022 0.71 0.83 * 0.80 111.3

2023 0.67 0.85 * 0.80 96.8

2024 0.69 0.85 * 0.80 96.1

* There was no production in the given year

4.2.2.3. Uncertainties and timseries consistency

Uncertainty estimate associated with both activity data and emission factors amourisatc@rding
to values from the 2006 IPCC Guidelines.

4.2.2.4. Categoryspecific QA/QC and verification

Activities related to categorgpecific quality control were mainly focused on completeness and
consistency of emission estimates accordintpé®006 IPCC Guidelines. Furthermore, documenting
and archiving all input data and information relevant for the calculation of emissions is ensured.

Since 2013, although they are no longer needed for calculation of emissions, questionnaires from the
factories are still being collected to identify and document possible changes in the operation of
individual plants.

4.2.2.5. Categoryspecific recalculations

There are no categogpecificrecalculations

4.2.2.6. Categoryspecific planned improvements

There are no categegpecific improvements planned.

4.2.3. Glass production (2.A.3)
4.2.3.1. Category description

In glass production, carbonate raw materials (most commonly used are limestone, dolomite and soda
ash) release CQemissions during the melting process in the furnace. Other minor carbonate raw
materials and certain amounts of recycled scrap glass are also used in glass production.

During the reporting period, two glass factories were in operation in Croatia; one of them producing
container glass and the other producing flat glass. In 2009, the second factory has ceased its glass
production operations and since then, together withra¢ other factories in Croatia, it only processes
imported glass (using operations like cutting, grinding, paint application, laminating etc.), which does
not result in GHGs emissions. During a short period in 2010, the furnace of the second factory was
restarted for testing purposes, which was also included in the emissions calculation for this source
category.
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Since 2013, the factory which is still in operation (container glass manufacturer) is covered by the EU
ETS.

4.2.3.2. Methodological issues

Methodology
- T3 (1990 onward

CO; emission for the whole time series (including the EU ETS period) for both factories is calculated
using the Tier 3 method (2006 IPCC Guidelines), i.e. multiplying emission flacteach carbonate
(expressed in tonnes of G@eleased per tonne of carbonate) by annual consumption (mass) of each
carbonate used (minedince the fraction calcination achieved for particulate carbonates is not known,
it is assumed that the fraction calcination is equal to 1r0this way, the emission was calculated by
summng up emissions from all carbonates used, for each plant individually.

Since 2013, data on emissions and used calculation methods, which are verified by independent
accredited verifiers, are taken from the annual emission reports under the EU emission trading system.
All verified data are included in the inventory without adjustments. The factory covered by the EU

ETS for its emission calculation uses the method based on the input of raw material, which is comparable
to theTier 3 method from the 2006 IPCC Guidelines.

Emission factors
- PS (19900nwarg

The Tier 3 emission factors are based on actual carbonates consumed in the melting furnace in each of
the factories, and since they usffaldent carbonates, emission factors are considered to be plant
specific, even though default valuescafbon dioxide contents of carbonate species were used

One factory used limestone, dolomite and soda ash during the whole time series. Second factory, that
ceased its glass production operations in 2009 used dolomite and soda ash in the pef2@99.990
During the short period in 2010, this factory restaitedurnace and used lithium carbonate as raw
material.

For calculation of C@emissions from 1990 to 2012, the IPCC 2006 default emission factors of 0.41492

t COy/t soda ash, 0.43971 t @Olimestone and 0.47732 t GO dolomite were used. For lithium
carbonate, emission factor of 0.596 was used, taken from 2007/589/EC Commission Decision of 18 July
2007 establishing guidelines for the monitoring and reporting of GHG emissions pursuant to Directive
2003/87/EC (Annex IXtabl. 1).

Since 2013, calculations of verified emissions include all data in accordance whh &tequirements

and Tier 3 methodology from the 2006 IPCC Guidelingd. ETS background data provided more
detailed information on the actual carbon content of the carbonates used. Therefore, the IEFs from 2013
onwards are slightly different compared to IPCC default values.

Activity data
Carbonate consumption is reported as activity data.

7 Names of the sectors that operators use in their ETS reports do not entirely correspond to IPCC categories. ETS reports for
2013 and 2014 in the category 2.A.3 include one glass producer together with two rock wool produces. This has resulted in
emissions from the category 2.A.3 reported in thB biéing significantly lower than emissions reported under the EU ETS



For one factory, data on carbonates consumed in the perioe20920vere collected by a direct survey
of the manufacturer. These data were submitted by the factory in the form of completed questionnaires,
to theMinistry responsible for environmental protecti@amd then delivered to IPPU sector experts.

For the second factory, which ceased its production in 2010, data from the factory are available only
since 1997.Prior to that period, the plant was working discontinuously due to the war and all
documentation which was at that time written by hand was destroyed in the war. Since the factory did
report on its carbonate use to ®entral Bureau of Statistics, data from the first factory were subtracted
from aggregated national statistical data in order to make the estimate for the second factory.

Since 2013, together with data from verified emission reports, the Ministry also still delivers completed
questionnaires from the active factory.

Since there are only two factories covered by this category, and they use different carbonates as raw
materials, due to confidentiality, the consumption data by each carbonate cannot be presented in this
report. All documentation is available for intercalmmunication with ERT.

The most significant emission drop was after 1990 as a result of the war (see TableGtler
fluctuations of emissions trend were basically d
the second factory had very low carbonate consumgtiwhthus low emissions through its entire

operating period covered by this report (on average this factory accounted for 6.5% of total emissions
from glass production).

Table 4.24: Carbonates consumption and emissions from Glass production

1990 98.9 43.2
1991 88.2 38.5
1992 48.3 211
1993 48.5 21.2
1994 65.2 28.4
1995 63.1 27.6
1996 60.5 26.5
1997 50.6 22.2
1998 61.2 26.9
1999 55.6 245
2000 54.1 23.8
2001 60.5 26.6
2002 62.3 27.3
2003 73.0 32.1
2004 84.0 36.9
2005 88.1 38.7
2006 77.5 34.0
2007 68.9 30.2
2008 70.9 31.1
2009 74.3 32.6
2010 82.4 36.1
2011 74.2 32.5
2012 67.6 29.6
2013 68.2 29.5
2014 70.7 30.5
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Total carbonated Total emissions fro

consumption (kt) glass production (kt)
2015 70.8 30.7
2016 75.7 32.6
2017 73.7 31.9
2018 71.4 30.5
2019 68.3 29.4
2020 59.2 25.6
2021 66.6 28.9
2022 70.1 30.4
2023 72.2 31.3
2024 50.7 22.1

4.2.3.3. Uncertainties and timseries consistency

Uncertainty estimate associated with activity data amount&tohcertainty estimate associated with
emission factors amounts t@& according to values ithe 2006 IPCC Guidelines.

Regardingime-series consistencyifferent sets of activity data were used for emissions estinfraies.

one factory, data on carbonates consumed in the period2l820were collected by a direct survey of

the manufacturer, and since 2013, activity data and emissions were taken from verified emission reports.
For the second factory, which ceased its potidn in 2010, data from the factory are available only
since 1997. Before that period, data were obtained frational statistics.

4.2.3.4. Categoryspecific QA/QC and verification

Activities related to categorgpecific quality control were mainly focused on completeness and
consistency of emission estimates accordintpé®006 IPCC Guidelines. Furthermore, documenting
and archiving all input data and information relevant for the calculation of emissions is ensured.

Since 2013, although they are no longer needed for calculation of emissions, questionnaires from the
active factory are still being collected to identify and document possible changes in the operation.

4.2.3.5. Categoryspecific recalculations

There were no sourespecific recalculations in this category.

4.2.3.6. Categoryspecific planned improvements

There are no sourespecific improvements currently planned for this category.

4.2.4. Other process uses of carbonates (2.A.4)

4.2.4.1. Category description

This category addresses £€missions from the following sources:

ceramics (2.A.4.a),

other uses of soda ash (2.A.4.b),

non-metallurgical magnesium production (2.A.4ia)ot present in Croatia, and

= =4 -4 -

other uses of carbonates (2.A.4.d)



Ceramics (2.A.4.a)

In Croatia, this source encompasses production of bricks and roof tiles, refractory products, wall and
floor tiles, as well as household, sanitary and technical ceramics. Prelzged CQ emissions from
ceramics result from the calcination of carbonates (particularly a@DCaMg(CG).) in the clay raw
material, and certain additives, which are heated to high temperatures in a kiln.

During the reporting period, 17 ceramics producers, which used carbonates in their production, were in
operation in Croatia. Several other producers reported using onlganbonate clay as raw material.

Both production and emissions trends fluctuated over the years with new factories starting their
production and some of the factories stopping the use of carbonate raw materials or stopping their
production altogether.

Since 2013, 12 factories (with larger production) are covered by the EU ETS, while smaller factories
are excluded from the EU ETS but are still accounted for in this report.

Other uses of soda ash (2.A.4.b)

Soda ash is primarily sodium carbonate and its use in production processes of thmeditiomeed
industries results in the release of CO

Identified activities in which N& Oz is used in Croatia as part of industrial processes are production of
glass, porcelain and ceramics and production of soaps and detergents.

No use has been identified in chemical industry or in activities covered by category 2.A.4.d Other (only
limestone is used for the needs of the thermal power plant). Also, no process emissiophafeCO

been identified in pulp and paper production. All inputs related to the activity of soap and detergent
production were investigated and detailed explanations were requested from the factories, including a
description of the technologies and processesl. The information obtained from the manufacturers
shows that the entire amount of soda ash in their plants is used in a closed system with dry mixing,
without generating greenhouse gas emissions. As there are no other plants in Croatia identified under
this category, emissions for category 2. A.4.baretegod as A NOO.

Other (2.A.4.d)

Emissions from the use of carbonates may result from a number of other source categories that are not
included in the abovenentioned sources. In Croatithis refers to limestone consumption in
desulphurization process in one thermal power plant since 2000, and dolomite consumption in the
production of insulation materials (rock wool) in two plafiee wasn operation since 2008 arke

other one during the whole time seridg)the second plasince2022, sodium hydrogen carbonate and

Linz slag were 8o used as raw materials.

Since 2013, all of these three plants are covered by the EU ETS.

4.2.4.2. Methodological issues
Methodology

Ceramics (2.A.4.a)
- T3 (1990 onwarg

CO, emission for the whole time series (including the EU ETS period) for all factories is calculated
using the Tier 3 approach (2006 IPCC Guidelines), which includes multiplying emissiorfdaetach
carbonatdexpressed in tonnes of G&leased per tonne of carbonate) by annual consumption (mass)
of each carbonate useince the fraction calcination achieved for particulate carbonates is not known,
it is assumed that the fraction calcination is equal to 1.00.
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In this way, the emission was calculated by summing up emissions from all carbonates used, for each
plant individually.

Since 2013, data on emissions and used calculation methodologies, which are verified by independent
accredited verifiers, are taken from the annual emission reports under the EU ETS. All verified data are
included in the inventory without any adjustmeiactories covered by the EU ETS for their emission
calculation uses the methodology based on the input of raw material, which is compatablécio3

method from the 2006 IPCC Guidelines.

Other (2.A.4.d)
- T3 (2000 onward

CQO; emission for the whole time series (including the EU ETS period) for all plants is calculated using
the Tier 3 method (2006 IPCC Guidelines), by multiplying emission femteach carbonafexpressed

in tonnes of C@released per tonne of carbonate) and annual consumption (mass) of each carbonate
used.Since the fraction calcination achieved for particulate carbonates is not known, it is assumed that
the fraction calcination is equal to 1.00.

In this way, the emission was calculated for each plant individually for the period of their operations

until 2012. Since 2013, data on emissions and used calculation methods, which are verified by
independent accredited verifiers, are taken from the annual emission reports under the EU ETS. All
verified data are included in the inventory without any adjustments. €oethission calculation, plants

use the method based on the input of raw material, which is compardéideTter 3 method from the

2006 PCC Guidelines.

Emission factors

Ceramics (2.A.4.a)
- PS (19900nwarg

The Tier 3 emission factors are based on the actual carbonates consumed in the kiln in egdhdiactory
emission factors are considered to be ptgp&cifié.

Carbonates contained in clay and other carbsmate material reported/used in this industry during the
time series ar€aCQ, MgCGQ;, CaMg(CQ)2, and NaCGQs.

For calculation of C@emissions from 1990 to 2012, thefault values ofarbon dioxide contents of
carbonate species were us@d43971 t CQt CaCQ, 0.52197 t C@t MgCO;, 0.47732 t CQit
CaMg(CQ). and 0.41492 t C&t Na.CO).

Since 2013, calculations of verified emissions include all data in accordance whh &tequirements
and Tier 3 method from the 2006 IPCC Guidelines. For the factories not included in the ETS, the
calculation of emissions is the same as for the period jor 2013.

Other (2.A.4.d)
- PS @990 onwarg

Thermal power plant used limestofsnce 200} while rock wool factoiresused dolomite.

For calculation of C@emissions from 1990 to 2012, the IPCC 2006 default emission factors of 0.43971
t COy/t limestone and 0.47732 t GOdolomite were used.

8 Similarly to emission factors in glass production categsinge the factories uséffégrent carbonates, emission factors are
considered to be plaispecific, even though default valuescafbon dioxide contents of carbonate species were used



Since 2013, calculations of verified emissions include all data in accordance with EU ETS requirements
and Tier 3 method from the 2006 IPCC Guidelirield. ETS background data provided more detailed
information on the actual carbon content of the carbonates used. Therefore, the IEFs from 2013 onwards
are slightly different.

Activity data

Ceramics (2.A.4.a)

Activity data on annual consumption of all carbonate species contained in clay and other cardonate
material in each factorwere collected by a survey of manufacturdrsese data were submitted by
factories in the form of completed questionnaires to Nheistry responsible for environmental
protectionand then delivered to IPPU sector experts. The factories provided all the data available in
their archives, but a smaller part of the data was not available and the estimation was made (by linear
interpolation or by applying the mean values of known data, where applicable).

Prior to 2010, in some of the factories, clay analysis was not being performed and these factories
reported their carbonate consumption estimates according to more recent years when clay analysis data
were available since it was mostly clay from the saapodits Since 2013, data from verified emission

reports for the factories covered by the EU ETS, and data from completed questionnaires from the
factories not covered by the EU ETS are used.

Most of the plants in this category produce bricks, ceramic tiles and roof tiles. Carbonate contained in
clay used in brick production is Cag@n production of ceramic tiles, identified are Ca@B®d MgCQ

from clay and also from dolomite sludge, granite and dolomite. In roof tiles production, identified is
CaCQ from clay and also from humus soil, other soil material and sand/clay material. Use of raw
materials containing CaMg(GR and NaCG:s is present only in one plant, which produces tiles and
houselold, sanitary and technical ceramics.

Other (2.A.4.d)

Data on carbonates consumed in the pet@@02012 were collected by a direct survey of the plants.
These data were submitted by the plants in the form of completed questionnairesMiaishg
responsible for environmental protecti@md then delivered to IPPU sector experts.

For onerock woolplant, data on the used raw material for the period before @&@l@ot available
Missing dataare estimated based on the ratio of the amount of raw material used artkiveool
produced for the 10 nearest years with known data.

Since 2013, data from verifidel Sreportsare used

Summarized data on carbonates consumption and calculated emissioqsdduttion of ceramics
and other uses of carbonatege given in Tables 4.2and4.2-6.

It should be noted that e ceramics industry, production (and emission trends) varied depending on

the economic situation and demand on the market, thus emissions at the national level decreased since
1990 as a result of the war, after which they increased with the growth in ctinstsector activities.

The trend after 2008 is the result of the economic crisis and ceased operations of several facilities.
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Table 4.25: Carbonates consumption and £nissions fronthe production of ceramics

Total carbonategy Total emissions fro

Year consumption (kt) ceramics production (kt)
1990 20.5 9.1
1991 10.7 4.9
1992 9.2 4.2
1993 9.5 4.3
1994 8.7 3.9
1995 8.7 3.9
1996 8.6 3.8
1997 7.1 3.1
1998 5.4 2.4
1999 4.4 1.9
2000 9.0 4.0
2001 18.2 8.0
2002 20.6 9.1
2003 221 9.8
2004 23.7 10.5
2005 63.1 28.1
2006 64.0 28.6
2007 58.0 25.9
2008 55.2 245
2009 30.3 13.6
2010 30.6 13.6
2011 34.4 15.2
2012 20.8 9.3
2013 13.5 6.1
2014 24.7 11.0
2015 30.9 13.7
2016 23.7 10.5
2017 17.9 8.0
2018 25.9 115
2019 9.6 4.2
2020 10.5 4.6
2021 6.2 2.7
2022 8.5 3.7
2023 5.8 2.6
2024 6.3 2.8

Table 4.26: Carbonates consumption and £€nissions from other uses

Total carbonated Total emissions fromother
consumption (kt) uses of carbonatékt)

1991 4.1 2.0
1992 4.2 2.0
1993 4.2 2.0
1994 4.6 2.2
1995 4.7 2.2
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Total carbonateg Total emissions fromother

consumption (kt) uses of carbonatékt)

1996 4.8 2.3
1997 4.0 1.9
1998 4.7 2.2
1999 6.1 2.9
2000 13.0 6.0
2001 154 7.0
2002 19.0 8.6
2003 215 9.7
2004 20.5 9.3
2005 19.5 8.9
2006 20.1 9.1
2007 19.3 8.8
2008 26.8 12.2
2009 221 10.3
2010 27.9 13.0
2011 40.0 18.4
2012 37.8 17.5
2013 43.6 20.4
2014 34.0 16.1
2015 40.8 19.3
2016 38.1 17.8
2017 34.8 16.4
2018 324 16.8
2019 31.0 145
2020 26.7 12.5
2021 27.3 12.9
2022 254 10.9
2023 41.0 10.9
2024 43.6 10.1

4.2.4.3. Uncertainties and timseries consistency

Uncertainty estimate associated with activity data amouri€4pand uncertainty estimate associated
with emission factors amounts3ds, according to values recommended by the 2006 IPCC Guidelines.

Emissions from production of ceramics until 20iv2re calculated using activity data that may not be
complete, as it is not known how many factories were active during this period, and therefore
guestionnaires were sent only to plants which are still active or have recently been shusidogn.
2013, data from verified emission reports for the factories covered by the EU ETS, and data from
completed questionnaires from the active factories not covered by the EU ETS are used

Emissions from other uses of carbonates have been calculatesihgythe same methodology for the
whole time series.
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4.2.4.4. Categoryspecific QA/QC and verification

Activities related to categorgpecific quality control were mainly focused on completeness and
consistency of emission estimates accordindé®006 IPCC Guidelines. Furthermore, documenting
and archiving all input data and information relevant for the calculation of emissions is ensured.

4.2.4.5. Categoryspecific recalculations

There were no recalculatians

4.2.4.6. Categoryspecific planned improvements

There are no planned improvements in this category.

4.3 Chemical industry@QRT 2.B)

4.3.1. Ammonia production (2.B.1)
4.3.1.1. Category description

One ammonia manufacturer has been in operation in Croatia during the whole time series. Ammonia is
produced by catalytic steam reforming of natural gas in which hydrogen is chemically separated from
natural gas and combined with nitrogen to produce amnfhiiig). Conversion of CO is carried out in
stages, with appropriate catalysts. The resulting i€@moved from the synthesis gas by absorption.
The absorbed CfIs separated by stripping. Finally, ammonia is produced by the synthesis of elemental
hydrogan and nitrogen at high temperatures and pressuresis@aen released into the atmosphere or
used as raw material in other production processes (production of urea and NPK fertilizers).

4.3.1.2. Methodological issues

Methodology

- T3 (1990 onwarg

Natural gas is used as both feedstock and fuel in ammonia production and GHG emissions from both
uses have been calculated for this subsector. Since natural gas used in ammonia production is included

in the energy be&hengey wseeér ctalh € gdopning sreegardd n n e x
to Energy sector does not occur.

Tier 3 method 2006 IPCC Guidelingss used for C@emission calculation. The basis falculation
is plantspecific total fuel data. The quantity of e@covered for downstream use in greduction of
ureaand NPK fertilizers is subtracted from the total quantity ot Gé€herated to derive G@mitted.

Taking into account the aforesald®, emissions are calculated using the following equation:

Ecoz= (TFR\]GX CCRe X CORG X 44/12)]' Rco2

Where:

Eco2 - emissions of C@[kg]

TRRe - total fuel requirement for natural gp&J]

CCRye - carbon content factor of natural gas [kg C/GJ]
COR - carbon oxidation factor of natural gas [fraction]



44/12

Rco2

- ratio of molecular weights, CQo carbon

- CO, recovered for downstream use (urea and NPK fertilizers production) [kg]

Emission factors and activity data

- PS (19900nwarg

Data on annual consumption, average annual composition, lower heating value and carbon oxidation
factor of natural gas were collected by a survey of ammonia manufacturer, who submitted the requested
data to theMinistry responsible for environmental protecti@nd which were then delivered to IPPU

sector experts.

Consumption of natural gas for ammonia production process in the plant is measured by the measuring
screen where the output is compensated with respect to pressure and temperatubestritheed

Control Systen{(DCS). Data on natural gas consumption, together with data on ammonia production
which is measured by a mass flowmeter, are collected in the DCS duringtloer2dork regime and

stored oranannual basis.

Nat ur al gas
the internal accredited laboratory). Calculations of lower heating value, density and molar mass are
being performed in line with normative documents acakpie Croatian Standards Institute. Carbon
content of natural gas for each year is subsequently calculated based on measured volume fractions of
different gases in natural gas (annual average) and the aforementioned calculated parameters. Since
daily measuements are performed at standard conditions (1 atm, 1@ holar volume of gas used

in calculations equals 23.64 dmol.

composition

i s

bei

ng

dhed vtesr e nmeadt hboyd

In this way, carbon content was estimated by the operator for the years since 2010, and prior to that year,
it was estimated by IPPU sector experts based on data submitted by the ofardimn. oxidation
factor, as submitted by the operator, for all years equals 1.

Changes inhecomposition of natural gas are reflected in changes inlEEs.

The amount of C&xransferred to downstream use in the production of urea and NPK fertilizers plants
is regularly measured by differential pressure flowmétebmata are collected in the DCS during the
24-hour work regime and stored anannual basis.

Total annual consumption and average annual composition of natural gas and emissions from Ammonia
Production are shown in Table 413

Table 4.31: Consumption and composition of natural gas and resultinge@@¥sions from Ammonia Production

Total natural gag Carbon content o] Tota
consumption (TJ) natural gas (kg C/GJ) | A 0

O

1990 13,879.5 15.2 558.7
1991 13,701.3 15.2 510.9
1992 17,272.7 15.2 687.9
1993 14,238.9 14.8 559.5
1994 14,179.2 151 567.3
1995 14,759.5 15.1 573.7
1996 14,459.2 15.1 529.4

9 Calculated by using general gas equation V=n*R*T/p; where n is number of moles, R is a gas constant of'$181%4 JK
T is temperature and p is pressure.
10 Dall tube, the accuracy of the measurement: + 3%
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Year Total natural gag Carbon content o] Total CQ emissions from
consumption (TJ) natural gas (kg C/GJ) | Ammonia Production (kt)

1997 15,815.6 15.0 587.7
1998 11,991.2 15.0 441.7
1999 15,383.1 15.1 564.2
2000 15,873.6 15.1 600.1
2001 12,733.9 15.1 492.7
2002 11,221.3 151 440.2
2003 12,934.8 151 461.3
2004 15,394.1 15.0 541.3
2005 15,126.6 15.0 542.3
2006 14,738.2 15.0 521.8
2007 16,036.6 15.0 569.3
2008 16,255.5 15.0 570.4
2009 13,854.6 15.0 455.4
2010 16,013.6 151 552.6
2011 16,148.3 15.0 552.8
2012 14,948.7 15.1 502.0
2013 15,199.8 15.1 509.3
2014 16,461.2 151 559.8
2015 16,417.3 151 572.3
2016 15,321.5 151 547.9
2017 16,585.2 15.2 566.8
2018 14,293.7 15.1 513.1
2019 16,989.5 15.1 594.6
2020 16,175.9 151 535.3
2021 10,818.1 151 365.5
2022 2,080.0 151 83.9

2023 4,589.7 15.1 201.9
2024 3,6259 15.1 128.3

It should be noted that since 2013 ammonia production plant is covered by the EU ETS. However,
ETS emission reporting methodology is different from the one specified R0O& IPCC Guidelines
for inventory purposes. According to ETS methodology, a part of f@fn natural gas used for
ammonia production without energy part is specifie€Bf 2.B.1. code and a part of G@om natural

gas used for ammonia production with energy part is specifiedRdlycode 1.A.2.f., together with
natural gas used in boilers.

According to IPCC methodology, allatural gas used in ammonia production should be included 2.B.1
sector with the quantity of COecovered for downstream use subtracted from total amount (which is
not the case in EST methodologyhe remaining part of COemission (emission from boilers) is
included in the Energy sector, 1.A.2f.

11 For example, in 2016, a part of €fom feedstockelated natural gas use equals 510.22 ki-&and a part of COrom
fuel-related use equals 340.6 kt £€x (excluding natural gas used in boileBata on CQused for urea production
equals 302.9 kt Cf£eq. Therefore, ICRT 2.B.1. category, emission for 2016 was calculated by equation:

COQOz(total in NID IPPU) = CQ(ETS 2.B.1) + CQETS 1.A.2.f)- COz (urea application)
=510.2 + 340.6 302.9 = 547.9 kt Cgeq
The remaining part (emission from boilers, 287 kt) of.2@@ission is included in the Energy sector, 1.A.2.f.



CHasemission has not been confirmed by actual measurements and it is currently not possible to calculate
emissions. Th2006 IPCC Guidelinedo not provide a default emission factor. Thus,&Hission was
not calculated.

Emissions of CO N©Qand NMVOCaret aken from the emission inventor
Informative Inventory Report for LRTAP Convention for the Y2824 Submission to the Convention
onLongr ange Transboundary Air Pollutionbo.

Only emissions from natural gas used as feedstock are included in this category. Emissions from natural
gas used as fuel are included in the Energy sector. Emissions calculations were performed in line with
the EMEP/EEA methodology (EMEP/EEA Air Pollutdrmission Inventory Guidebook, 28). Tier 2

EFs from the Guidebook were used for CO and NMVOC. For NOx,-plaatific annual EFs were used

since 1998, while for the years prior to 1998, an average EF was calculated based on available direct
NOx emissiongneasurements.

4.3.1.3. Uncertainties and timseries consistency

Uncertainty of CQ emission estimate associated with activity data amounts %, based on
information provided bythe manufacturer. Along with questions on activity data, data sources,
competent authorities, methodology for data collection and other important information, Annual data
collection plan includes questions on the uncertainties of submitted data. For eadledhdatsuthat is
included into emissions calculation, ammonia manufacturer has submitted uncertainty of measurement
devices according tahich uncertainty of activity data has been estimated.

Uncertainty of CQemission estimate associated with emission factor amoungt@a&cording to the
value recommended by the 2006 IPCC Guidelines.

Emissions from Ammonia Production have been calculated using the same methods and data sets for
every year in the time series. Therefore, emissions from ammonia production have been estimated in a
consistent manner throughout the tiseies.

4.3.1.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission, activities related to source specific quality control
were mainly focused on completeness and consistency of emission estimates accdlw2pi6

IPCC Guidelines. Furthermore, documenting and archiving all input data and information relevant for
the calculation of emissions is ensured.

4.3.1.5. Categoryspecific recalculations

There were no categosgpecific recalculations.

4.3.1.6. Categoryspecific planned improvements

In addition to CQrecovered being used as a feedstocth@production of urea and NPK fertilizers,
there are some information on its use in dry ice production as well. However, there is no available
information on the dry ice production process, and, for now, Croatia has no accurate information on
where dry ice i@pplied (in the country or abroad). Since according to the 2006 IPCC Guidelines, the
amount of CQrecovered from ammonia production used in freezing applications is not accounted for
separately and becausehbsld be assumed that all the £l be released in the producing country,
currently CQ recovered for this use is not included in calculations. If additional resources will be
available, this matter will be further investigated and it is currently specified as a long term plan for
improvement.
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4.3.2. Nitric acid production (2.B.2)
4.3.2.1. Category description

There is one manufacturer of nitric acid in Croatia, with two tpldasts, one of which has two
production lines. In the production process, ammonia, which is used as a feedstock, is vaporized, mixed
with air and burned over a platinum/rhodium alloy gathlNitrogen monoxide (NO) is formed and
oxidized to nitrogen dioxide (Nfat medium pressures and absorbed in water at high pressure to give
nitric acid HNQOs). During the oxidation stage, nitrous oxide:@\ is formed as a bgroduct and
released fronmmeactor vents into the atmosphere.

Both plants utilize dugbressure production processes, i.e. the absorption stage takes place at a higher
pressure than the oxidation stage.

Abatement technologies (Selective Catalytic RedueB@R) were installed in 2013 at Plant 1 (both
production lines) and at Plant 2 at the end of 2012, which has resu#tegbinction of NO emissions.

Since 2013, both plants are covered by EU ETS.

4.3.2.2. Methodological issues

Methodology
- T3 (1990 onwarg

Emissions of MO from nitric acid production for the period 192012 have been calculated using the

Tier 3 method specified by the 2006 IPCC Guidelines, i.e. by multiplying annual nitric acid production
by plantspecific EFs that are based on real measurement datanidrattechnologies were not used
during that period, thus destruction factor and abatement system utilisation factor for abatement
technology were not taken into consideration. In this way, emissions were calculated for both plants
individually.

Since 2013, direct measurements eONemissions are being performed at both plants, along with the
use of abatement technologies. Sum of measured emissions derived from the concentra@oim of N
monitored emissions for each recorded monitoring interval is taken into addatenbn emissions and

used methodologies, which are verified by independent accredited verifiers, are deliverdtingsthe
responsible for environmental protectias part of the annual emission report under the EU ETS. The
Ministry then delivers these data to IPPU sector experts and all verified data are included in the
inventory.

Global warming potential valudsom the IPCC Fifth Assessment Report (AR5) have been used in this
submission.

Emission factors
- PS (19900nwarg

For the period 199Q012, data on plargpecific EFs for each plant (7.5 kg®{tonne nitric acid for

Plant 1 and 7.8 kg XD/tonne nitric acid for Plant 2) have been obtained from the operator. These EFs
were calculated based on a series of measurements performed in 1999 and confirmed by the ERT during
the 2008 ircountry review, after the analysis of information on technolagy relevant parameters
provided by the operator.

Data from more recent measurements (performed since 2013) cannot be used due to the application of
abatement technologies in the recent years.
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Since 2013, the operator uses continuous emission measurement systeps danidsions for both
plantd?. The principle for NO measurement is natispersion infrared method (NDIR).

Activity data

Activity data is based on 10% HNOs. Data on nitric acid production is collected by a survey of
manufacturer, who submitted the requested data toMimistry responsible for environmental
protection and which were then delivered to IPPU sector experts. Production quantities are determined
by a mass flowmeter for plant 2, and by calculations from design production capacity and measured
quantities of ammonia input for plant3ince 2013, together with data from verified emission reports,
the Ministry alsadelivers completed questionnaires from the operator.

Reduction of MO emissions since 2013 is a result of abatement technologies (see TadleTh8

causes of the fluctuation in emissions were technical problems associated with the operation of the

installed SCR (loss of catalyser and system reconstruction, as welastit shutdowns and stafis
of the plants).

Table 4.32: Nitric acid production and related emissions

Year Nitric acid production- [ N2O emission TOTAL
TOTAL (kt) (kt)

1990 332.5 2.5
1991 292.0 2.2
1992 381.8 2.9
1993 287.8 2.2
1994 311.2 2.4
1995 299.3 2.3
1996 278.7 2.1
1997 292.9 2.2
1998 220.5 1.7
1999 260.2 2.0
2000 306.2 2.3
2001 257.5 2.0
2002 250.0 1.9
2003 235.6 1.8
2004 287.6 2.2
2005 280.7 2.1
2006 277.6 2.1
2007 306.6 2.3
2008 312.9 2.4
2009 261.5 2.0
2010 336.8 2.6
2011 332.7 2.5
2012 288.2 2.2
2013 297.5 0.8

12 All measurements are carried out applying methods based on the following standards: EN 14181 Stationary source emission
- Quality assurance of automated measuring systems, EN 15259 Air qiégsurement of stationary source emissions

S

Requirementsdr measurement sections and sites and for the measurement objective, plan and report, and other corresponding

EN standards.
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Year Nitric acid production- [ N2O emission TOTAL
TOTAL (kt) (kt)

2014 307.3 0.9

2015 344.6 1.0

2016 293.3 0.4

2017 322.2 0.3

2018 289.5 0.2

2019 302.1 0.2

2020 293.8 0.2

2021 160.1 0.1

2022 45.3 0.05

2023 94.6 0.1

2024 73.1 0.1

In addition, emissions of NQveret aken from the emission inventor
Informative Inventory Report for LRTAP Convention for the Y2824 Submission to the Convention

onlLongr ange Transboundary Air Poll utiond. Emi ssi o

methodology Since 1998, specific emission factors have been calculated from directly measured NOx
emissions (occasional measurement) and annual production capacity. For the years in the period from
1990 to 1997, an averageOX emission factor was calculated based on the available direct NOx
emissions.

4.3.2.3. Uncertainties and timseries consistency

Uncertainty estimate associated with activity data amounttotiased on information provided by
themanufacturer. Uncertainty estimate associated with emission factors amounts for2I890 and
2 % for 2024 based on expert judgements and information providettidmanufacturer (detailed in
Annex 1).

Emissions from Nitric Acid Production have been calculated using the same method and data sets for
the period 1990 2012 and direct measurements were taken into account since 2013.

4.3.2.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission, activities related to source specific quality control
were mainly focused on completeness and consistency of emission estimates accdlwi2pdd

IPCC Guidelines. Furthermore, documenting and archiving all input data and information relevant for
the calculation of emissions is ensured.

4.3.2.5. Categoryspecific recalculations

There were naategoryspecific recalculations

4.3.2.6. Categoryspecific planned improvements

There are no categogpecific planned improvements.

4.3.3. Adipic acid production (2.B.3)

This category does not exist in Croatia.



4.3.4. Caprolactam, glyoxal and glyoxylic acid production (2.B.4)

This category does not exist in Croatia.

4.3.5. Carbide production (2.B.5)

This category does not exist in Croatia.

4.3.6. Titanium dioxide production (2.B.6)

This category does not exist in Croatia.

4.3.7. Soda ash production (2.B.7)

This category does not exist in Croatia.

4.3.8. Petrochemical and carbon black production (2.B.8)
4.3.8.1. Category description

Petrochemicals are chemical products derived mostly from primary fossil fuels or petroleum refinery
products. Although carbon black is not considered to be a petrochemical, petrochemical feedstock is
used in its production. Most of the carbon containechim materials used in production is stored in
products, but during the conversion processasie carbon is emitted in the form of £ CH..

During the reporting period, production of petrochemicatsethanol, ethylene and ethylene dichloride
(which was used to produce vinyl chloride monomer) was present in Croatia, together with production
of carbon black.

Methanol, included in the sutategory 2.B.8.a, was produced during the whole time series. Ethylene
(2.B.8.b) was produced in the period 198ML 1, ethylene dichloride (2.B.8.c) in the period 12901

and carbon black (2.B.8.f) in the period 198W09. Tkere was no production of other petrochemicals in
Croatia during the reporting period.

Carbon black was produced Hye furnace black process in one plant. For other petrochemicals, only
nationally aggregated statistical data are available.

4.3.8.2. Methodological issues
Methodology

Methanol (2.B.8.a)

Data on type of feedstock and processes used in methanol production in Croatia are currently not
obtainable. Only aggregated production quantities are available from national statistics.

Since default feedstock in the IPCC Guidelines is natural gas, and since methanol production is not
included in the eneeggr pl aseeé oantegothe(-§@enAn
counting, emissions from this sahtegory were reported as IE in this submission and are considered to

be included in the Energy sector.

Ethylene (2.B.8.b)
- COg CHs T1 (19902011)

131



132

As in methanol production, data tiretype of feedstock and processes used are currently not available.
Only nationally aggregated production quantities are available.

Therefore, Tier 1 method (2006 IPCC Guidelines) is used for botta@dCH,; emissions calculations,
where national ethylene production was multiplied by default emission factors.

Upon investigating national energy statistics, it was concluded that fuels that are likely used in ethylene
production, as described in the 2006 IPCC Guidelines (which identify naphtha as a default feedstock in
default steam cracking process), are not ggloin national energy statistics, i.e. these emissions are
not included in the Energy sectdinus double counting is avoided

Ethylene dichloride (2.B.8.c)
- COx T1(19902001)

As in the production of abovgiven chemicals, data ahetype of feedstock and processes used are
currently not available. Only nationally aggregated production quantities of ethylene dichloride are
available.

Therefore, Tier 1 method (2006 IPCC Guidelines) is used fere@ssion calculations, where national
ethylene dichloride production was multiplied by a default emission factor fecaombustion related
emissions.

According to the 2006 IPCC Guidelines, it may be assumed thatarohustion Cklemissions from
ethylene dichloride production are negligible.

It is assumed that combustioslated emissions are included in the Energy sector.

Carbon black (2.B.8.1)
- COx T2 (199062009)

CO; emissions from carbon black production were calculated using the mass HedaadeTier 2

method specified by the 2006 IPCC Guidelines. Only primary feedstock (hydrocarbon feedstock) is
included in emissions calculation in this sector. Natural gas vesisassa secondary feedstock but since

its consumption is included in the national energy balance g€@erated from its use is accounted for

in the Energy sector. Moreover, there were no secondary products from this process. Taking into account
the aforeaid, emissions for this sutategory were calculated as follows:

Eco2= [(FAX FC)- (PP x PC)] x 44/12

Where:

Eco2 - emissions of CQJt]

FA - annual consumption of feedstoftk carbon black productioft]
FC - carbon content of feedstofikC/t feedstock]

PP - annual production of carbon blaftk

PC - carbon content of carbon blaftkC/t product]

44/12 - ratio of molecular weights, CQo carbon

Emission factors

Ethylene (2.B.8.b)
- COy, CHs: D (19902011)



Default emission factors (2006 IPCC Guidelines) were used for emissions calculations.

For CQ, default EF for process feedstock use (for default steam cracking ethylene production process)
of 1.73 tonnes C&onne ethylene produced was used. Adjustment factor for Western Europe (100%)
was applied.

For CH,, default EF of 3 kg Chitonne ethylene produced was used.

Ethylene dichloride (2.B.8.c)
- COux D (19962001)

Default emission factor (2006 IPCC Guidelines) of 0.0057 tonngt@te product was used for
emissions calculations (balanced process;ewnbustion process vent emissions).

Carbon black (2.B.8.1)
- COu PS (199€2009)

The Tier 2 methodology is based on mass balance calculations and therefore there are no emission
factors associated with the methodology.

Activity data

Activity data (production quantities) for petrochemicals were obtained from national statistics.

All input data for carbon black, including annual quantities of hydrocarbon feedstock used and carbon
black produced, as well as data on carbon content of both feedstock and product, were submitted by the
manufacturer to thélinistry responsible for environmental protecticand then delivered to IPPU

sector experts. Hydrocarbon feedstock used consisted of highly aromatic oils obtained by secondary
processing of petroleum and coal tar.

Annual production of chemicals (Table 4Band emissions of CG@nd CH from Petrochemical and
Carbon Black Production (Table 443 are given below.

Table 4.33: Annual production of chemicals

1990 30.6 72.6 72.7 0.016
1991 18.8 66.9 68.3 0.016
1992 13.5 68.3 92.1 0.016
1993 17.1 68.6 79.6 0.016
1994 16.9 65.3 97.5 0.016
1995 27.2 67.5 84.4 0.012
1996 26.7 64.8 48.6 0.009
1997 24.2 63.6 26.3 0.013
1998 22.2 60.1 31.3 0.013
1999 17.6 60.3 47.7 0.013
2000 20.3 38.9 71.4 0.008
2001 21.4 46.6 64.4 0.006
2002 19.4 43.6 NO 0.008
2003 214 41.3 NO 0.004
2004 20.3 49.9 NO 0.004
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Carbon black (kt) | Ethylene (kt) | Ethylene dichloride (kt) | Methanol (kt)
NO

2005 18.4 50.3 0.003
2006 26.3 48.8 NO 0.003
2007 23.7 45.4 NO 0.002
2008 16.9 43.0 NO 0.002
2009 4.0 38.8 NO 0.001
2010 NO 36.3 NO 0.001
2011 NO 23.3 NO 0.002
2012 NO NO NO 0.003
2013 NO NO NO 0.001
2014 NO NO NO 0.001
2015 NO NO NO 0.001
2016 NO NO NO 0.001
2017 NO NO NO 0.001
2018 NO NO NO 0.002
2019 NO NO NO 0.001
2020 NO NO NO 0.0001
2021 NO NO NO 0.00@
2022 NO NO NO 0.001
2023 NO NO NO 0.001
2024 NO NO NO 0.0004

Table 4.34: Emissions of C@and CH from Petrochemical and Carbon Black Production

Carbon black (t) Ethylene (t) Ethylene dichloride (t)

COz (k) | CHa (kD) CO:(kt) | CHa(kt) | COx(kt) | CHa (kD)

1990 66.4 NA 125.7 0.2 0.4 NA
1991 39.0 NA 115.7 0.2 0.4 NA
1992 26.1 NA 118.2 0.2 0.5 NA
1993 37.2 NA 118.7 0.2 0.5 NA
1994 34.8 NA 112.9 0.2 0.6 NA
1995 65.0 NA 116.9 0.2 0.5 NA
1996 59.9 NA 1121 0.2 0.3 NA
1997 45.3 NA 109.9 0.2 0.1 NA
1998 46.8 NA 104.1 0.2 0.2 NA
1999 32.6 NA 104.3 0.2 0.3 NA
2000 33.2 NA 67.3 0.1 0.4 NA
2001 22.0 NA 80.7 0.1 0.4 NA
2002 35.3 NA 75.3 0.1 NO NA
2003 41.8 NA 714 0.1 NO NA
2004 38.0 NA 86.3 0.1 NO NA
2005 34.4 NA 87.0 0.2 NO NA
2006 51.6 NA 84.5 0.1 NO NA
2007 48.4 NA 78.6 0.1 NO NA
2008 31.7 NA 74.5 0.1 NO NA
2009 6.8 NA 67.1 0.1 NO NA
2010 NO NO 62.7 0.1 NO NA
2011 NO NO 40.3 0.1 NO NA
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_ Carbon black (t) Ethylene (t) Ethylene dichloride (t)

O 4 O 4 O
2012 NO NO NO NO NO NA
2013 NO NO NO NO NO NA
2014 NO NO NO NO NO NA
2015 NO NO NO NO NO NA
2016 NO NO NO NO NO NA
2017 NO NO NO NO NO NA
2018 NO NO NO NO NO NA
2019 NO NO NO NO NO NA
2020 NO NO NO NO NO NA
2021 NO NO NO NO NO NA
2022 NO NO NO NO NO NA
2023 NO NO NO NO NO NA
2024 NO NO NO NO NO NA

Emissions of S@ CO,NQand NMVOC were taken from the emissi
Croatia Informative Inventory Report for LRTAP Convention for the Y2@24 Submission to the

ConventiononlLong ange Transboundary Air Pollutiond. Tie
emission factors were used for calculations.

4.3.8.3. Uncertainties and timseries consistency

Uncertainty estimate associated with activity data fos & CH emissions for all chemicals amounts
to 7.5% (default, 2006 IPCC Guidelines).

Uncertainty estimate associated with default emission factors fea@®DCH emissions for ethylene
amounts to 10% (default). Uncertainty estimate associated with default emission factor far CO
emission for ethylene dichloride is in the range fr@®% to +1(% (default).

Uncertainty estimate associated with default emission factors fore@@ssion for carbon black
amounts to 186 (default).

Emissions from Petrochemical and Carbon Black Production have been calculated using the same
method and data sets for every year in the time series.

4.3.8.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission, activities related to source specific quality control
were mainly focused on completeness and consistency of emission estimates accdlw2i6

IPCC Guidelines. Furthermore, documenting and archiving all input data and information relevant for
the calculation of emissions is ensured.

Since none of the producti@pecific parameters are known, there is a possibility of overestimation of
CO, emissions for ethylene produced from petroleum refining processes or from petrochemical
processes other than steam crackers, which could be included in national production statistics, resulting
in overestimation of emissions from steam cracker derivedegt.

4.3.8.5. Categoryspecific recalculations

There were no categosgpecific recalculations.
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4.3.8.6. Categoryspecific planned improvements

This subsector has been identified as a key category and not all of the estimates within-g@steub

use a tier 2 or higher approach. Data for using higher tier for petrochemicals are currently not available.
Majority of production was halted seveyadars ago, which has consequently decreased the possibility
to collect data required for higher tier methodology. Croatia has recently reviewed tsecsuband
incorporated additional sources using what is believed to be the best currently avaitaibidanatter

is included in the Data collection plan, and, depending on the available resources, further investigation
will be made. At the moment, this issue is categorised as adomgplan for improvement.

4.3.9. Fluorochemical production (2.B.9)

This category does not exist in Croatia.

4.4 Metal industry CRT 2.C)
4.4.1. Iron and steel production (2.C.1)

44.1.1. Category description

During the reporting period, iron and steel production in Croatia included the following:

1 production in a sealled integrated facility, which included the production of pig iron in blast
furnace and the production of steel in ofearth furnace (OHHR) during 1990 and 1991,

1 production of steel in electric arc furnaces (EAF) in twecalled secondary facilities, which
use steel/iron scrap as basic raw matefialaring the whole time series, with interruptions in
production, described in more detail below; and

9 production of cast iron in three foundriestlire cupola and electric induction furnaciesince
1997.

Production of iron and steel in an integrated facility

The production of pig iron was carried out until the end of 1991 when it was shut down due to the
inability of iron ore delivery during the war, as well as a reduction and subsequently a cessation of the
production of steel in OHF in the same year. Pradocdin OHF was stopped as a result of general
economic stagnation and the increasing difficulty of placing products obtained through the outdated
process on the market.

Emissions from lime produced for the needs of pig iron production are includedsecob 2.A.2.

It should be noted that sinter and pellets required for the production of iron were being imported and
their production was not present in Croatia. Also, there was no production of direct reduced iron.

Production of steel in secondary facilities

One plant was producing steel during the entire reporting period, with the exception of 2016. The second
plant was active in the period 192008 and in 2013 and 2014. Both plants used EAFs during the entire
period, in which liquid steel was produced ameit processed to finished products by casting and rolling.

Since 2013, during the periods of operation, both plants were covered by the EU ETS. There was no
production of steel in Croatia during 2016.

Steel production in the last active plant was discontinued in December 2015 due to the crisis in the
European steel market, i.e. the lack of orders. Production was restarted in 2017 but the plant was



operating at a much reduced rate. Following the initial phase of plant recommissioning and the
achievement of the target level of product quality, there was an increase in production. In 2018, due to
favourable market conditions and rising steel pricesjyetion begins to recover, which is reflected in
emissions trends.

Production of cast iron

Three foundries producing grey and ductile cast iron are covered by the EU ETS since 2013. To some
extent, data from these foundries are available for the period 2@ (see chapter below for more
detailed explanation).

There was no production of cast irsince2021.

4.4.1.2. Methodological issues
Methodology

Steel (2.C.1.a)
- T2(199062012)

- T3 (2013onwargd

Only CQ emissions from EAFs are included in this satbegory.

For the OHF process, which was stopped almost three decades ago, there are-spegifintdata
available other than steel production quantities. An OHF is typically charged with molten iron and scrap
and oxygen is injected into the furnace, but reduction dforain the iron and melting of the charge

also occurs by firing fossil fuels across the surface of the raw material bath. Since according to the 2006
IPCC Guidelines, carbon in the iron may be ignored because it has been accounted for as & source o
carbon for iroamaking, and since all fuels used in the OHF process are accounted for in the national
energy balance (in the Energy sector), emissions from OHF are not included in this category. However,
activity data, i.e. steel production in OHF, ameluded inthe IPPU sector in this category since they
cannot be accounted for in the Energy sector.

For steel produced in EAFs, @@missions result from the use of fuels and raw materials including
reducing agentdn the casting, rolling and further processing of steel; €@issions stem from fuel

used in various processing steps. All emissions from fuel used in this category are alldbateddyy

sector. Furthermore, since all quantities of coke and anthracite are also accounted for in the national
energy balance, they are not included in this category (they are included in the Energy sector).

Emissions of C@from EAFs for the period 1992012 have been calculated using the Tier 2 method
of 2006 IPCC Guidelines (mass balance approach and matgeicific carbon contents).

Therefore:
% - ) o -l o# Ot ¢
Where:
Eco2 - emissions of C@to be reported in IPPU Sectjd}y
Mla - quantity of furnace input materialft]
Ca - carbon content of each furnace input matdtial/t]

MO, - quantity of furnace output materialt]
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Cb - carbon content of each furnace output matétrialt]
44/12 - ratio of molecular weights, CQo carbon

In this way, emission was calculated for each plant separately.

Since 2013, data on emissions and used calculation methodologies, which are verified by independent
accredited verifiers, are taken from the annual emission report under the EU emission trading system.
Steel manufacturers for their emission calculationtheemethodology which is comparable to Tier 3
methodology from the 2006 IPCC Guidelines. For the purpose of reporting under the IPPU sector, these
verified emissions had to be adjusted for the input materials like coke and anthracite, which are also
accounted for in the national energy balance, i.e. they are already included in the Energy sector. This
adjustment has resulted in differences in the process emissions reported under the IPPUNIECtor in

and under the EU ETS.

Pig iron (2.C.1.b)
- OTH (19901991)

Complete data sets for all plagpecific inputs and outputs in pig iron production are not available. Only
partial data on inputs are available from national statistics (data on coke and coal used in pig iron
production), together with data on limeston@l alolomite consumption collected from the former
manufacturer. Since all quantities of both coke and coal are accounted for in the Energy sector, only the
emission from limestone and dolomite use are currently included in thsedpory in the IPPU sex.

CQO; emission is calculated using the methodology for the calculation of emissions from process use of
carbonates (2006 IPCC Guidelines, Volume 3, Ch.2; Tier 3 method), i.e. by multiplying emission factor
for each carbonate (expressed in tonnes ofr€l@ased per tonne of carbonate) and annual consumption
(mass) of each carbonate used. Since the fraction calcination achieved for particulate carbonates is not
known, it is assumed that the fraction calcination is equal to 1.00.

Cast iron (2.C.1.f)
- OTH (199%onward

Since 2013, iron foundries are included in the EU ETS. Data on emissions and used calculation
methodologies, which are verified by independent accredited verifiers, are taken from the annual
emission report under the EU ETS. The foundries for their emissilculation use the same approach

as inCQO, emissions calculation form EAFs (carbon mass balacoe)parable to the Tier 3 from the

2006 IPCC Guidelines. Since there is no specified methodology for cast iron production in the 2006
IPCC Guidelines, th€O, emissions calculatiomet hod f or t his source is cat

For the period prior to the inclusion into ETS, only partial pkpecific data are currently available.
Thus, emissions for 1992012 were calculated by using annual cast iron production as surrogate data,
which was multiplied by arithmetic mean valueesiissions to production ratio from the years 2013
2019

Emission factors

Steel (2.C.1.a)
- PS,D (19902012)

- PS (2012onward

For steel produced in EAFs, G@missions result from the use of steel and iron scrap, fuels, reducing
agents like coke, EAF charge carbon, anthracite, etc. and carbon electrodes, i.e. from the furnace input
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material in the abovgiven equation. Output material consists of the steel produced, technological
waste, slag, EAF dust and scale.

For the period 199Q012, all data on consumption of input material and quantities of output material
were collected by a survey of manufacturers, who submitted the requested dataMimistry
responsible for environmental protecti@md which were then delivered to IPPU sector experts.

Data orthecarbon content of each material used/produced were not available for one plant, thus default
values from the006 IPCC Guidelines were used. For the second plant;gpaxific data orcarbon
contents were only partially available. ConsequettgTier 3 approach could not be applied.

Since activity data for the years 1990 and 1991 include steel produced in OHF, this is reflected in the
IEFs for those years.

Pig iron (2.C.1.b)
- D (19901991)

For CQ emission calculation, default values (2006 IPCC Guidelines, Volume 3, Ch.2) of carbon dioxide
contents of carbonate species were used (0.4397%t C&CQ and 0.47732 t Cét CaMg(CQ)2).

Castiron (2.C.1.1)
- PS (1997onward

Since 2013, EFs were derived from the detailed informatiadhexarbon content of inputs and outputs
of the casting process. Calculations of verified emissions for all foundries include all data in accordance
with EU-ETS requirements.

Prior to 2013, IEFs are estimated based on data from the perio2@093s described above under
theMethodology section.

Activity data

Steel (2.C.1.a)

Annual steel production in OHF has been obtained by a survey of former manufacturer and cross
checked with national statistics.

For the period prior to ETS inclusion, all data included in calculations for steel production in EAFs have
been obtained from manufacturers, with the exception on carbon content data for some of the raw
materials, products and waste materials for whichuwefalues were used.

For one plant, none of the plaspecific carbon content data were available.

For the second plant, for input materials: carbon electrodes, EAF charge carbon, scrap iron, petroleum
coke and anthracite, default values were used. For input materials: scrap steel, C wire and pig iron, as
well as for all output materials: steel, techowtal waste, slag, EAF dust and scale, laboratory analysis
data on carbon content are available (for all years). For all other raw materials used (e.g. aoys: Fe
Mn, FeV, FeCr, FeMo etc., and other additives like fluorite), carbon content was gvethe
certificate from the raw material manufacturer (without information on how carbon content was
estimated).

Since 2013, calculations of verified emissions for both plants include all data in accordance with EU
ETS requirements and Tier 3 methodology from the 2006 IPCC Guidelines.

Pig iron (2.C.1.b)

Data on pig iron production as well as data on carbonates consumption were collected from the pig iron
manufacturer. The production was halted almost three decades ago, which has consequently decreased

139



140

the possibility to collect more detailed data. Croatia has recently reviewed thistegory and
incorporated additional sources using what is believed to be the best currently available data.

Castiron (2.C.1.f)

Since 2013, detailed information on quantities and carbon contents of inputs and outputs of the casting
process are available.

For the period 1992012, mly data on production of cast iron were collected in full so far. This matter
is currently being investigated, and, as more comprehensive data become available, they will be included
in calculations.

Activity data and summarised emissions from iamaisteel production are given in Table 4.4

Table 4.41: Activity data and C@emissions from iron and steel production

Year : : Pig : iron | Cast : iron

T in EAFs (kt) T in OHF (kt) production (kt) | production (kt)
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004 86.1 NO NO 5.6 13.7
2005 73.6 NO NO 5.2 12.7
2006 80.5 NO NO 5.9 13.3
2007 76.3 NO NO 7.1 13.7
2008 138.9 NO NO 7.6 23.4
2009 46.3 NO NO 9.7 4.8
2010 103.4 NO NO 11.1 14.7
2011 95.9 NO NO 13.8 16.6
2012 1.0 NO NO 26.0 1.4
2013 111.0 NO NO 27.7 13.9
2014 146.5 NO NO 28.2 10.1
2015 121.5 NO NO 27.1 9.3
2016 NO NO NO 23.6 11
2017 3.9 NO NO 29.6 1.9
2018 135.8 NO NO 29.5 9.0
2019 69.1 NO NO 26.3 4.9
2020 45.3 NO NO 24.8 4.9
2021 185.1 NO NO NO 14.3
2022 169.1 NO NO NO 13.4
2023 212.4 NO NO NO 17.9




Year Steel production| Steel production Pig iron | Cast iron ;I;g::l steele Zr;stI?rg
I in EAFs (kt) I in OHF (kt) production (kt) | production (kt) production (kf)
(0] NO NO

2024 1532 N 11.7

Emissions of NQ CO, NMVOC and Soweret aken from t he emission inve
Croatia Informative Inventory Report for LRTAP Convention for the Y2@24 Submission to the
Convention on Long ange Transboundary Air Poll utiond. T
emissions.

4.4.1.3. Uncertainties and timseries consistency

Uncertainty estimate for steel production associated with activity data amount%ettnd @990 and 5
% for 2024 Uncertainty estimate associated with emission factors amounts»#ddr01990 and %46
for 2024 according to values from the 2006 IPCC Guidelines.

For pig iron, uncertainty for activity data amounts & 2nd 5% for EF (1990).

Emissions have been calculated using the same method and data sets for the per2@d 2 29

verified ETS reports data since 20EBictuationsn IEFs in steel production are present due to different
quantities of various input materials used over the years (e.g. jump in 2014 is caused by new materials
like FeMn HC and C wire being introduced as carbon donors).

4.4.1.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission, activities related to source specific quality control
were mainly focused on completeness and consistency of emission estimates accdlw2)i6

IPCC Guidelines. Furthermore, documenting and archiving all input data and information relevant for
the calculation of emissions is ensured.

4.4.15. Categoryspecific recalculations

There were no categosgpecific recalculations

4.4.1.6. Categoryspecific planned improvements

There are no planned improvements for this category

4.4.2. Ferroalloys production (2.C.2)
4.4.2.1. Category description

Ferroalloys are alloys of iron and metals such as silicon, manganese or chromium. Similar to emissions
from the production of iron and steel, €©emitted when metallurgical coke is oxidized during a-high
temperature reaction with iron and the selected alloying element.

There were two factories producing ferroalloys in Croatia. One factory ceased its production in 1994,
while the second factory stayed in operation until 2003.

Only nationally aggregated statistical data on production quantities are available.
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4.4.2.2. Methodological issues

Methodology
- T1(199062003)

Emissions of C@and CH from ferroalloys production have been calculated using Tier 1 method (2006
IPCC Guidelines), i.e. by multiplying an annual production of each type of ferroalloys (ferromanganese,
siliconmanganese and ferrochromium) by related emission factors.

Data needed fahe Tier 2 approach are incomplete. As a result, Tier 1 methodology was used for the
entire period.

Croatia recognizes the likelihood of doulgleunting of emissions from this category because the
consumption of some of the reducing agents is included in the national energy balance, i.e. resulting
emissions are already accounted for in the Energy sector. However, since data on amounts of these
reducing agents consumed in ferroalloys production is lacking, it is not possible to subtract these
emissions from IPPU sector (for more details see chapters 3.1.1. and 4.4.2.6).

Emission factors
- D (19902003)

Generic emission factors (default, 2006 IPCC Guidelines) of 1.3 @romanganese, 1.4 t GO
siliconmanganese, 1.3 t GOferrochromium and 1.2 t GH ferroalloys were used.

Activity data

Annual production of ferroalloys (see Table-2¥was extracted from statistical reports published by
theCentral Bureau of Statistics. Ferroalloys production fluctuated over the years. It is mainly a result of
discontinuous operations, caused by the war in Croatia.

Apart from data on production, only data thve consumption of reducing agents coke from coal and
coal electrodes in ferroalloys production for 1993D6 are available from national statistics. After this
period, national classification of activities does not distinguish the use of these materiatsailtofes
production.

It should be noted that ferroalloys production was halted in 2003, which has subsequently decreased the
possibility to further investigate this category and use higher tier approach.

Table 4.42: Ferroalloys production
Ferroalloys production (t)

Ferromanganese | Silicon manganese errochro

1990 20,535 48,561 60,859
1991 13,053 38,365 72,845
1992 0 25,572 56,058
1993 0 8,577 28,028
1994 562 22,071 31,704
1995 0 0 26,081
1996 0 0 10,559
1997 47 416 24,231
1998 57 697 11,861
1999 64 271 13,807
2000 29 330 15,753




Ferroalloys production (t)

43 297 361

2001
2002 28 190 2
2003 62 660 2

Emissions of C@and CH from Ferroalloygroduction are presented in the Table-3.4

Table 4.43: Emissions of C®and CH from Ferroalloygroduction

COz emissions (kt) CHa emissions (kt)

Year - .
Ferromanganese Silicon manganese Ferrochromium Ferroalloys (total)

1990 26.70 67.99 79.12 0.156
1991 16.97 53.71 94.70 0.149
1992 0.00 35.80 72.88 0.098
1993 0.00 12.01 36.44 0.044
1994 0.73 30.90 41.22 0.065
1995 0.00 0.00 33.91 0.031
1996 0.00 0.00 13.73 0.013
1997 0.06 0.58 31.50 0.030
1998 0.07 0.98 15.42 0.015
1999 0.08 0.38 17.95 0.017
2000 0.04 0.46 20.48 0.019
2001 0.06 0.42 0.47 0.001
2002 0.04 0.27 0.00 0.000
2003 0.08 0.92 0.00 0.001

4.4.2.3. Uncertainties and timseries consistency

Uncertainty estimate associated with activity data amounts % d&@d uncertainty estimate associated
with default emission factors amounts to%b5according to values given in the 2006 IPCC Guidelines.

Emissions from Ferroalloys Productibave been calculated using the same method and data sets for
every year in the time series.

4.4.2.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission, activities related to source specific quality control
were mainly focused on completeness and consistency of emission estimates accdlwi2pd6

IPCC Guidelines. Furthermore, documenting and archiving all input data and information relevant for
the calculation of emissions is ensured.

4.4.2.5. Categoryspecific recalculations

There are no sourespecific recalculations in this report.
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4.4.2.6. Categoryspecific planned improvements

All input data in this category were investigated to the extent it was currently possible. Ferroalloys
production in Croatia was halted over 15 years ago, which makes it highly unlikely to collect more
detailed activity data required for higher tier apptoaThus, it has been concluded that there is no
realistic possibility for improvements in this category under the current circumstances.

However, the Annual data collection plan will continue to includgitfiormation, as it has hitherto
been the case, and should additional data become available in the future, a further investigation of this
category would be made.

4.4.3. Aluminium production (2.C.3)
4.4.3.1. Category description

Primary aluminium is produced in two steps. First, bauxite ore is ground, purified and calcined to
produce alumina (ADs). The alumina is then electrically reduced to aluminium by smelting in large
pots. This process results time emission of several greenhouse gases including &@ two PFCs:

CF: and GFe.

Primary aluminium production in Croatia was halted in 1991.

Two types of technologies were applied in Croatia: prebaked anodes with side feed and prebake anodes

with central feedT otal of 208 open furnaces with prebaked anodes and side feed (Alusuisse technology)
were used (without computeontrolled process). In September 1990, 10 new closed furnaces were put
in operation (Peciney technology), with central feed and comypaotgrolled process.

Apart from the abovementioned primary aluminium production, one plant manufactures aluminium
castings by the pressure injection process. It does not deal with primary or secondary aluminium
production. Therefore, there are no emissions-gases (PFC andFC) or sulphur hexafluoride (gF

from this plant.

4.4.3.2. Methodological issues

Methodology
- T1(199061991)

The quantity of C@released was estimated usthg Tier 1 approach of the 2006 IPCC Guidelines (by
multiplying annual primary aluminium production by a default emission factor).

PFCs emissions from Aluminium Production could represent a significant source of emissions due to
high GWP values. Since only aluminium production statistics were available, emissions(BFCF

14) and GFs (PFG116) were estimated by multiplying annual primary aluminium production by default
emission factors provided by the 2006 IPCC Guidelines. Regardless of the two different types of
technologies applied in Croatia: prebaked anodes with side feed aa#tgutetmodes with central feed,
emissions were ncestimated separately for different technologies, since AD were provided in the
aggregated form. Thus, only EFs for side worked prebaked anodes were taken into consideration.

Emissionsof S@CO,NGand NMVOC have been taken from the
of Croatia Informative Inventory Report for LRTAP Convention for the 2884 Submission to the

e

ConventiononLong ange Transboundary Air Pollutiond. Ti

emission factors were used for calculations.

m
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Emission factors

- D (19901991)

The default emission factor of 1.6 tonnes gg&r tonne of aluminium for Prebake technologies is used
(2006 IPCC Guidelines).

In addition, used emission factors equal 1.6 kg/t Al for &t 0.4 kg/t Al for GFs, according to default
values from 2006 IPCC Guidelines.

Activity data

Data on production processes and technologies were subsequently officially requested from the Croatian
Chamber of Economy and obtained through direct communication with the former factory
representative.

Activity data and emissions from this source are given in Tabid.4.4

Table 4.44: Primary aluminium production and resulting emissions
ea P a a Oz e 0 4 € 0 6 € 0
Prod 0,

1990 74.2 118.8 118.8 29.7
1991 50.9 81.5 81.5 20.4

4.4.3.3. Uncertainties and timseries consistency

Uncertainties related tihe calculation of CQ emissions are primarily due to applied emission factor.

A less uncertain method to calculate £&missions would be based upon the amount of reducing agent,

i.e. amount of prebaked anodes used in the process but this information was not available. Nevertheless,
it is very likely that use of the technologpecific emission factor, provided in the B0(PCC
Guidelines, along with the correct production data produce accurate estimates.

Uncertainty estimate associated with activity data fop €@issions amounts to% and uncertainty
estimate associated with default emission factor foré&ssions amounts to ¥6 according to values
given in the 2006 IPCC Guidelines.

Greater uncertainties are related to calculation of PFCs emissions because continuous emission
monitoring was not carried out, and smeklpecific operating parameters were not available. Default
emission factors were therefore applied to calculate PFG&s®ons.

Uncertainty estimate associated with activity data for PFCs emissions amoung,tevidle the
uncertainty of EFs (default, 2006 IPCC Guidelines) is in the range-#06%6 to +150%.

Emissions from Aluminium Productidmave been calculated using the same method and data sets for
every year in the time series.

4.43.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission, activities related to source specific quality control
were mainly focused on completeness and consistency of emission estimates accdlwi2pd6

IPCC Guidelines. Furthermore, documenting and archiving all input data and information relevant for
the calculation of emissions is ensured.
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4.4.3.5. Categoryspecific recalculations

There were no categogpecific recalculations.

4.4.3.6. Categoryspecific planned improvements

Primary aluminium production (electrolysis) was shut down almost 3 decades ago, mainly due to war
activities, which makes it highly unlikely to collect more detailed activity data required for higher tier
methodology. Thus, it has been concluded that tisane realistic possibility for improvements in this
category under the given circumstances.

However, the Annual data collection plan will continue to includgitifformation, as it has hitherto
been the case, and should additional data become available in the future, a further investigation of this
category would be made.

4.4.4. Magnesium production (2.C.4)

This category does not exist in Croatia.

4.4.5. Lead production (2.C.5)

This category does not exist in Croatia.

4.4.6. Zinc production (2.C.6)

This category does not exist in Croatia.

4.5 Non-energy products from fuels and solvent UGRT 2.D)

4.5.1. Lubricant use (2.D.1)

45.1.1. Category description
CO; emissions arising from the use of lubricants (oils and greases) in engines are considered-to be non
combustion emissions and should be reported in the IPPU sector.

Consumptionof lubricants was taken from the national energy bala@mmsumption in2-stroke
engines igleducted fromdtal lubricant usewhichi s i ncl uded i n the energy
energy useo0O category

4.5.1.2. Methodological issues

Methodology
- T1 (1990 onward

Emissions of C@from lubricant use have been calculated using Tier 1 method (2006 IPCC Guidelines),
by multiplying total annual consumption of lubricants by a default emission factor.

There are no detailed data available on the quantities consumed per type of lubricant use. In addition,
there are no countrgpecific EFs for 2.D.1 category. Therefore, higher tier could not be applied.



Emission factors
- D (1990 onward

Emission factor is composed of a specific carbon content factor (CC) multiplied by the fraction of
lubricants oxidized during use (ODU factor). A further multiplication by 44/12 (the mass ratiot)CO
yields the emission factor (expressed as tonng TIJp

Having only total consumption data for all lubricamtspverall (default) ODU factor of 0.2 was used,
together with a default CC factor (20.0 t C/TJ on a Lower Heating Value basis).

In addition, a countrgpecific NCV of 33.5 TJ/Gg of lubricants, which was determined by the Energy
| nstitut e? Wasusedfa caluwafoas:

Activity data

Annual consumption of lubricants was extracted from the national energy hafame which
consumption irg-stroke enginewas deducted

Annual consumption of lubricanits the scope of the 2.D.1 categanyd related emissions are given in
Table 4.51.

Table 4.51: Consumption of lubricants and emissions ok@&0m Lubricant use

Year Consumption off CO; emissions from
lubricants (kt) lubricants use (kt)

1990 63.53 31.22
1991 51.83 25.47
1992 30.73 15.10
1993 30.23 14.85
1994 30.83 15.15
1995 31.43 15.44
1996 32.03 15.74
1997 32.73 16.08
1998 33.53 16.47
1999 33.32 16.37
2000 29.82 14.65
2001 30.92 15.19
2002 33.42 16.42
2003 28.82 14.16
2004 39.21 19.27
2005 35.21 17.30
2006 37.90 18.62
2007 44.88 22.05
2008 38.66 18.99
2009 37.06 18.21
2010 32.96 16.19
2011 33.02 16.23
2012 29.32 14.41

13The Energy Institute is in charge of national energy statistics, analysis of energy flows, data collection and development of
national energy balancés part of the emissions calculation improvement project conducted in 2020, the analysis of
operationsof the two Croatiamefineries concluded that it is not possible to increase NCV for lubricants because such a
correction would lead to a disturbed ratio of input and output energy in refineries in some years.
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Year Consumption off CO; emissions from
lubricants (kt) lubricants use (kt)

2013 28.33 13.92
2014 29.43 14.46
2015 31.83 15.64
2016 34.14 16.77
2017 33.54 16.48
2018 33.94 16.68
2019 35.15 17.27
2020 3455 16.98
2021 35.06 17.23
2022 37.66 18.50
2023 40.27 19.78
2024 39.07 19.20

45.1.3. Uncertainties and timseries consistency

Uncertainty estimate associated with activity data fog @@issions from the consumption of all types

of lubricants amounts to %, taking into account the presumed very low use of lubricants-$tmoRe
engines. Uncertainty estimate associated with defaulte@ission factors for all types of lubricants
amounts to 506. Uncertainties have been estimated according to recommended default values from the
2006 IPCC Guidelines.

45.1.4. Categoryspecific QA/QC and verification

Activities related to categorgpecific quality control were mainly focused on completeness and
consistency of emission estimates accordintpé®006 IPCC Guidelines. Furthermore, documenting
and archiving all input data and information relevant for the calculation of emissions is ensured.

45.15. Categoryspecific recalculations

There were no recalculations for this category

4.5.1.6. Categoryspecific planned improvements

There are no sourespecificimprovements planned for this category

4.5.2. Paraffin wax use (2.D.2)
45.2.1. Category description

Paraffin waxes are produced from crude oil and used in a number of applicationsthegra@duction
of candles, paper coating, food production, etc. Emissions girGfis category primarily occur when
the waxes or derivates of paraffins are combusted during their use.

Data on paraffin wax use were extracted from the national energy balance.

4.5.2.2. Methodological issues

Methodology
- T1 (1990 onwarg



Emissions of C@ have been calculated using Tier 1 method of the 2006 IPCC Guidelines, by
multiplying total annual consumption of paraffin wax by related default emission factor and default
ODU factor.

Emission factors
- D (1990 onwarg
Default carbon content (CC) factor of paraffin wax (20.0 t C/TJ on a Lower Heating Value basis), default

Oxidised During Use (ODU) factor (0.2) and mass ratio ob/C(44/12) have been used for €0
emission calculation faheentire reporting period.

In addition, a countrgpecific NCV 0of40.2 TJ/Gg was used, which was determined by the Energy
Il nstitute Hrvoje Pogar.

Activity data

Annual consumption of paraffin wax was extracted from the national energy haaticity dataand
emissions of Cefrom Paraffin Wax Use are given in Table-25

Table 4.52: Consumption of paraffin wax and related &missions

1990 17.60 10.37
1991 14.40 8.49
1992 8.50 5.01
1993 8.30 4.89
1994 8.60 5.07
1995 8.70 5.13
1996 8.90 5.25
1997 9.10 5.36
1998 9.20 5.42
1999 9.80 5.78
2000 10.50 6.19
2001 10.00 5.89
2002 9.80 5.78
2003 11.30 6.66
2004 10.80 6.37
2005 11.00 6.48
2006 11.10 6.54
2007 10.90 6.43
2008 9.50 5.60
2009 9.10 5.36
2010 7.90 4.66
2011 7.70 4.54
2012 6.20 3.65
2013 5.80 3.42
2014 7.00 4.13
2015 7.70 4.54
2016 7.90 4.66
2017 7.70 4.54
2018 6.40 3.77
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Year Consumption off CO: emissions from
paraffin wax (kt) paraffin wax use (kt)

2019 6.00 3.54
2020 5.60 2.75
2021 5.50 2.70
2022 6.90 3.39
2023 6.20 3.65
2024 6.00 2.95

4.5.2.3. Uncertainties and timseries consistency

Uncertainty estimate foCRT 2.D.2 is in accordance witthe 2006 IPCC Guidelines. The total
uncertainty of the EF used equals 50 %, and the uncertainty of activity data is set to 5 %.

45.2.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission, activities related to source specific quality control
were mainly focused on completeness and consistency of emission estimates accdlw2pi6

IPCC Guidelines. Furthermore, documenting and archiving all input data and information relevant for
the calculation of emissions is ensured.

45.25. Categoryspecific recalculations

There were no recalculations for this category

45.2.6. Categoryspecific planned improvements

There are no sourespecific improvements planned for this category

4.5.3. Other (2.D.3)
4.5.3.1. Category description

This category includes the following sehtegories:
1 Solvent use
 Road paving with asphalt
9 Asphalt roofing
1

Urea based catalytic converters

4.5.3.2. Methodological issues
Methodology

Solvent use
- OTH (1990 onward

Emissions of NMVOGveret aken from the emi ssion inventory re,]
Inventory Report for LRTAP Convention for the Y&#i24 Submission to the Convention on Leng
range Transboundary Air Pollutionbd.
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The following sources are included in the NMVOC emissions estimations:
- Domestic solvent use including fungicides (NFR 2.D3.a)
- Coating applications (NFR 2.D.3d)
- Degreasing (NFR 2.D.3%)
- Dry cleaning (NFR 2.D.3.f)
- Chemical products (NFR 2.D.3%)
- Printing (NFR 2.D.3.h)
- Other solvent use (NFR 2.D.39)

NMVOC emissionswithin the scope of the aforementioned CLRTAP submidsawe been calculated

using Tier 1 (for coating applications, printing, and polyester and PVC processing within the Chemical
products category) or Tier 2 (other source categories) methods, according to the EMEP/EEA
methodology (EMEP/EEA Air Pollutant Emiss Inventory Guidebook, ZB).

CQO, emissions from Solvent Use are calculated using a conversion factor, which contains a ratio
C/NMVOC = 0.6 (2006 IPCC Guidelines, Volume 3, p. 5.17, default fossil carbon content fraction of
NMVOC is 60% by mass), and mass ratio of €0 (44/12). Thus, the overall conversion factor of 2.2
was used for the whole time series.

Road paving with asphalt and Asphalt roofing
- OTH (1990 onward

Emi ssions of NMVOC are taken from the emission i
Inventory Report for LRTAP Convention for the Y&#i24 Submission to the Convention on Leng
range Transboundary Air Pollutiono.

The approachor emission estimatiofor Asphalt roofingis based onthe Tier 1, and br Road paving
with asphalt Tier 2Znethod, according tthe EMEP/EEA 223 methodology.

Default fossil carbon content fraction of NMVOC from asphalt production and use for road paving
varies between 40 to 30 by mass (average value of %4&s used) and is about 88for NMVOC from

asphalt roofing (given in the 2006 IPCC Guidelines, as calculated from the NMVOC speciation provided
in the EMEP/EEA Emission Inventory Guidebook). These default values, together with mass ratio of
CO,/C (44/12), were used in G@missions calculationg.hus, conversion factors of 1.65 for road
paving (0.45*44/12) ah2.93 (0.8*44/12) for asphalt roofing were used.

14 Croatian inventory stratifies the following solvestntaining products use: cosmetics and toiletries products, car care
products, paint/varnish removers and solvents, sealants, filling agents, pesticides, and domestic use of pharmaceutical
products.

15 Refers to paints used within the industrial and domestic sectors.

16 Degreasing is a process for cleaning products from virmsefuble substances as grease, fats, oils, waxes, carbon deposits,
fluxes and tars. In most cases the process is applied to metal products, but also plastic, fiberglass, printed ciraoit boards
other products are treated by the same process.

17 This source category includes activities: processing of polyester, PVC, polyurethane, polystyrene and rubber,
manufacturing of pharmaceutical products, manufacturing of paints, inks, glues, adhesives, magnetic tapes, films and
photographs, and asphalt bimg. Almost all activities still exist in Croatia, except for rubber manufacturing, polystyrene
processing and asphalt blowing, which were shut down in 2006, 2011 and 2014, respectively.

18 The following activities are present in Croatia: oil extraction, application of glues and adhesives, wood preservation, car
dewaxing and concrete additive use. Glass wool and Mineral wool enduction, as well as underseal treatment and
conservation of vehies are not present in Croatia.
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Detailed information on emissietrends for each categosyea vai | abl e i n the docum

Croatia Informative Inventory Report for LRTAP Convention for the Ye&42@ubmission to the
ConventiononLong ange Transboundary Air Pollutioné.

Urea based catalytic converters
- T1 (2000 onward

This source category encompasses €@issions from the use of urea containing in diesel engines with
SCRecatalysts in road transportation (Euro V/VI).

Emissions of C@from ureabased catalytic converters were calculated by multiplyivegamount of
ureabased additive consumed for use in catalytic converters by mass fraction of urea in-iesadea
additive (Equation 3.2.2, Volume 2 of the 2006 IPCC Guidelines). As this is based on the properties of
the materials used, there are no tiensthis source, but for reporting purposes, the method used is
categorised as ATi er
converers were introduced after 2000.

Emission factors

Solvent use
- D (1990 onwarg

Default emission factorEMEP/EEA Air Pollutant Emission Inventory Guidebook?23)) taking into
account the implementation of abatement technolatygre applicablewere applied for source
categories for NMVOC emissions.

CO, emissions from Solvent Use are calculated using a conversion factor as described under the
Methodology section above.

Road paving with asphalt and Asphalt roofing
- D (1990 onward

The recommended TiefTier 2emission factors from the EMEP/EEAZ®Guidebook were used for
NMVOC emissionstaking into account the implementation of abatement technology where applicable

CO, emissions are calculated using a conversion factor as described under the Methodology section
above.

Urea based catalytic converters
- D (2000 onward
The factor of 12/60 that captures the stoichiometric conversion from urea (GR)(kHcarbon and

factor of 44/12 that converts carbon to O@ere applied, according to the 2006 IPCC Guidelines,
Volume 2, Ch. 3.

Also, thedefault value for purity (32.%0) was included ithe CO, emission calculation.

Activity data

For some of the source categories (domestic use of pharmaceutical prddM¥€)C emissions
estimates based on population data. The activity data for other sources were extracted from statistical
reports or were obtained from manufacturers.



Since the category Solvent use cannot be unified in terms of quantifying the activity data using the same
unit, the 'Not Estimated' notation key was used in the reporting tables for this category.

Data on total diesel fuel consumed in road transportation, taken from the national energy balance, were
used for emissions estimatifor Urea Based Catalytic Converters

The resulting emissions of G&om this source category are presented in the Tabid.4.5

Table 4.53: Emissions of C&from Other source category

CQ; emission from| CO; emission from| CO; emission from| CO, emission from
Solvent Use (kt) Road paving (kt) Asphalt roofing (kt) | Urea Based Catalyti

Converters (kt)

1991 95.8 0.011 0.006 NO
1992 57.9 0.003 0.005 NO
1993 53.6 0.002 0.005 NO
1994 55.9 0.019 0.005 NO
1995 95.5 0.020 0.006 NO
1996 86.3 0.025 0.007 NO
1997 61.9 0.038 0.002 NO
1998 59.2 0.037 0.004 NO
1999 53.1 0.040 0.005 NO
2000 53.7 0.036 0.009 2.7
2001 54.1 0.028 0.004 2.9
2002 65.3 0.054 0.004 3.3
2003 66.2 0.084 0.009 3.9
2004 78.1 0.099 0.009 4.2
2005 815 0.089 0.017 4.6
2006 90.9 0.082 0.028 5.0
2007 915 0.081 0.018 55
2008 92.6 0.106 0.010 5.3
2009 63.7 0.080 0.009 5.3
2010 55.5 0.054 0.007 5.2
2011 52.4 0.063 0.006 5.2
2012 49.2 0.062 0.004 5.1
2013 43.2 0.068 0.006 53
2014 35.4 0.057 0.005 5.3
2015 32.8 0.053 0.015 5.8
2016 34.7 0.054 0.007 6.1
2017 35.7 0.053 0.011 6.9
2018 43.6 0.063 0.006 6.6
2019 53.9 0.065 0.007 7.0
2020 48.0 0.058 0.007 6.3
2021 45.6 0.067 0.008 6.7
2022 33.6 0.064 0.008 7.3
2023 31.6 0.081 0.010 8.4
2024 30.3 0.072 0.020 9.3
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4.5.3.3. Uncertainties and timseries consistency

Solvent use

Uncertainty estimate associated with default emission factors foe@{@sions calculation amounts to
50 % (default 2006 IPCC Guidelines value).

Road paving with asphalt and Asphalt roofing

Uncertainty estimate associated with activity data (statistical data) for NMVOC emissions calculation
amounts to 1®. Uncertainty estimate associated with default emission factors fere@@sions
calculation amounts to 3%. Default 2006 IPCC Guidelines values are taken into account.

Urea based catalytic converters

Uncertainty estimate associated with activity data for, @®@issions calculation amounts to%
(default, 2006 IPCC Guidelines). Uncertainty estimate associated with default emission factors for CO
emissions calculation amounts t&% based on expert judgement.

45.3.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submission, activities related to source specific quality control
were mainly focused on completeness and consistency of emission estimates accdlw2pi6

IPCC Guidelines. Furthermore, documenting and archiving all input data and information relevant for
the calculation of emissions is ensured.

4.5.3.5. Categoryspecific recalculations

CO; emissionsfrom Solvent usevere recalculated for the entire time series due toldataonization
with the IIR

4.5.3.6. Categoryspecific planned improvements

There are no planned categ@pecific improvements

4.6 Electronics industryGRT 2.E)

According to currenunderstandingthis category does not exist in Croatia. Additional research is
underway and any new information about tasegorywill be included inone ofthe next repos

4.7 Product uses as substitutes @S (2.F)

Global warming potential valudsom the IPCC Fifth Assessment Report (AR5) have been used in this
submission.

4.7.1. Refrigeration and air conditioning (2.F.1)
4.7.1.1. Category description



The use of HFCs in refrigeration and air conditioning systems began in the early 1990s, shortly after the
adoption of the Montreal ProtocdRefrigeration and air conditioning systems can be divided into six
areas of application:

1 commercial refrigeration,
domestiaefrigeration
industrialrefrigerationand heat pumps,
transportrefrigeration

= =4 —a -

mobile airconditioning
i stationary aiconditioning including heat pumps.
PFCs have never been used in the refrigeration ai@baditioningsector in Croatia.

HFCs used incommercial refrigeration are HFG134a and HF&04A in smaller standlone
refrigerators and freezeirs stores and supermarkets\d HFG404A in larger capacity installations.

TheRegulation (EU) No 517/2014 on fluorinated greenhouse gaseex Il1) prohibits the placing on

the market ofdomestic refrigeration products filled with refrigerastwith GWP > 150since2015.

Prior to 2015, the refrigerant HF34a was mostly used in household refrigerators, while today only
R-600a hydrocarbon is usedomestic refrigerators witR-600awere on the market sin@900.First
application was recorded in 1995. There was one manufacturer of household refrigerators and freezers
in Croatia,however for the lastthirty years theappliancedave not been produced in tbeuntrybut

only imported, adapted Hut not filled and solddomesticallyor exported. For this reason, all
refrigerators are considered to be imported.

Industrial refrigeration in the food, petrochemical, pharmaceutical and other industries includes
refrigerants HF€04A, HFG407F, HFGA17A, HFG422D, HFG507A and R23.

For thetransport of refrigerated goods, vans with a capacity of up to 3.5 t in most cases uskEsH&C
andto a lesseextentHFC-404A. Trucks with a capacity of over 3.5 t mostly use HBEZA, and to a
lesserextentHFC-134a, whilan refrigeration unit®f semitrailersof over 10 t only HF&04Ais used
There is only imporandno productiorof commercialehicles in Croatia.

Mobile air conditioning insidepassenger cabins in vehicles is performed by air conditioning systems
filled with HFC-134a. There isnly importandno productiorof cars inCroatia.

Stationary air conditioning systems include smaller split, multisplit and VRF (variable refrigerant
flow) systemswater chillers(with volumetric and turbo compressors) and heat pup&s used in
these devices are HFH10A, HFG407C, R134a andecentlyHFC-32 only for the secalled single
split systemsand hydrocarbon 290 in smaller heat pumps.

4.7.1.2. Methodological issues

Methodology
Commercial refrigeration (2.F.1.a)
- T2a (1995 onwarg

Tier 2a methodology was applied. Equipment lifetime of commercial refrigerators is assumed to be 15
years, in accordance with Table 7.9, Volume 3, Chapter 7, 2006 IPCC GL. The use of both HFCs for
this purpose was first recorded in 1995.
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Domestic refrigeration (2.F.1.b)
- T2a (1995 onwarg

Tier 2a methodology was applied. Equipment lifetime of household refrigerators is 15 years according
to Table 7.9, Volume 3, Chapter 7, 2006 IPCC GL.

Industrial refrigeration (2.F.1.c)
- T2a (1995 onward

Tier 2a methodology was applied. Equipment lifetime of industrial refrigerators is assumed to be 25
years, in accordance to Table 7.9, Volume 3, Chapter 7, 2006 IPCC GL. The use-404#@nd
HFC-417A was first recorded in 1995, useHFC-422D in 1998, HF07F in 2003, HF&OT7A in

2007, and R23 in 2015.

Transport refrigeration (2.F.1.d)
- T2a (1995 onwarg

Tier 2a methodology was applied. Equipment lifetime of air conditioning systems is assumed to be 10
years (which is more than the value proposed in Table 7.9, Volume 3, Chapter 7, 2006 IPCC GL). First
use of HFCs for this purpose was recorded in 1995.

Mobile air conditioning (2.F.1.e)
- T2a (1995 onward

Tier 2a methodology was applied. Equipment lifetime of air conditioning systems is assume@to be 1
years (data on the average age of vehjgtesided bythe Center for Vehicles of Croatia (CVHRFrst
use ofHFCs for this purpose was recorded in 899

Stationary air conditioning (2.F.1.f)
- T2a (1995 onwarg

Tier 2a methodology was applied. Equipment lifetimaioiconditioning systemis assumed to bebl
years according to Table 7.9, Volume 3, Chapter 7, 2006 IPCC-i@it.use ofHFC-407Cfor this
purpose was recorded in 1998f HFC-410A in 1999, of HFC-134ain water chillers with turbo
compressori 2001, ad of R-32in 2018.

Emission factors

Commercial refrigeration (2.F.1.a)

Product manufacturing factaf smaller standalone units wasobtainedfrom manufacturesr and
amounts to 0.5%First fill emission factor of stable installations is 286cording to Table 7.9, Volume
3, Chapter 7, 2006 IPCCLG

Product life factoof a device is determinebased ortheforms that service technicians are obliged to
fill out and annually submito the Ministryresponsible for environmental protectiorhe average
emission during the lifetime of staradone refrigeration units amounts to 10%, and of stable systems
25%.
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Emission ofHFCs during disposal is quite higkven thoughthe system of collection, recoveand
disposal ofHFCs existssince 2005, its efficiency is low (sourdéEfficiency and sustainability of
systems for collection, recovery andise ofODSand fluorinated greenhouse gases and analysis of the
impact of Regulation (EU) 517/2014 on fluorinated greenhouse gases on the economy in the Republic
of Cr oat i a oSituattors Biproveziahly &fter.the adoption of the European Regulation
517/2014 on Fluorinated Greenhouse Gases and the shortage and incréaserinet of HFCs
Therefore, average emission factors are assumed as follows:

I standalone units 100% before 2015 and 50% after 2015,

i stable installations 100% before 2005 (before the Regulation on ODS and Fluorinated
Greenhouse Gases (OG 120/2005), which prescribes collection of fluorinated greenhouse gases
upon final decommissioning), 50% from 2005 to 2015 and 30% after 2015.

Domestic refrigeration (2.F.1.b)

Product life factor is 0.2%ccording to Table 7.9, Volume 3, Chapter 7, 2006 IPCCRealgulation on
ODS and Fluorinated Greenhouse Gasescribesollection of fluorinated greenhouse gases during
the final decommissioning. Until the establishment of the systawilettionand disposal of household
refrigerators it 2012),HFCs wereusually not collected-or this reason, until 2012, it is estimated that
the emission from disposal is equal to 100%, and after that 50%, i.e., collection efficiency0éguals
and 50%, respectively.

Industrial refrigeration (2.F.1.c)

Firstfill emission factor of stable installations is 2% according to Table 7.9, Volume 3, Chapter 7, 2006
IPCC GL.Product life factoiis determined based dhe forms that service technicians are obliged to
submitto the Ministry responsible for environmental protectiom an annual basis. The average
emission during the lifetime of stable systems is 25%.

Emissions oHFCs during disposal in this category amount to 100% before 2005 (before Regulation
OG 120/05)50% from 2005to 2015 and 30% after 2015.

Transport refrigeration(2.F.1.d)

As all vehicles are importethere is ndirst fill emission factorProduct life factois about 25%but
in consultation with service techniciarfer safetyreasonsthe annual loss of 30% of the charge is
assumed.

Mobile air conditioning(2.F.1.e)

As all vehicles are imported, there is no fitbt emission factorProduct life factois about 25%, but
in consultation with service technicians, for safety reasons, the annual [88%aff the charge is
assumedAdditionally, it is assumed thatollection efficiencyduring vehiclesdisposl for the period
20062010equalss0% to 90%, andbr the periodsince2011it equals90%.

Sationary air conditioning2.F.1.1)

First fill emission factor is 2% accordingttee Table 7.9, Volume 3, Chapter 7, 2006 IPCC 8toduct
life factorof split, multisplit and heat pump is 15%ata was obtained tgnalysingthe service forms.

The average emission over the lifetime of VRF devices hilléis is 25%Averagadisposal loss facter
are as follows:
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1 split, multi split and heat pumpsl00% before 2015 and 50% after 2015,

1 VRF andwater chilles- 100% before 2005 (before Regulatioi 120/05) 50%from 2005to
2015 and 30% after 2015.

Activity data
Commercial refrigeration (2.F.1.a)

The number of imported and exported statwhe refrigerators was estimated based on data from
PRODCOM statistics. The data contains imports and exports for two categories of devices:

1 28251333- Refrigerated showases and counters incorporating a refrigerating unit or
evaporator for frozen food storagad

1 28251335i Refrigerated showases and counters incorporating a refrigerating unit or
evaporator (excluding for frozen food storage)

Data on imports and exports aneludedfor the years 2003 to 20 and are expressed in pieces. For
the years before 2003, activity data were generated by linear extrapolation of data for the period 2003
2008.Data for 202 2024wereobtained by linear extrapolation of the trend.

The mass oHFCsin the stanehlone units was estimatédsed oran average charge of 1.5 kg.

In Croatia, there is also production of smadiemndaloneunits. Data on HF€.34a and HF&04A used
in production ofstandaloneequipment that was produced and that remained in Croatia was collected
from manufacturex

Data on stable installations gfeatercapacities were collected from the Ministrgsponsible for
environmental protectignwhich in accordance with the Regulation @ddDS and Fluorinated
Greenhouse Gasdeeeps a regier (PNOS)of stationaryequipment and devices filled witha3 more
kg of HFCs

Domestic refrigeration (2.F.1.b)
The number of household refrigerators was estimated based on data from PRODCOM statistics. The
data contain imports and exports for four categories of devices:
T 27511110 Combined refrigeratorBeezers, with separate external doors,
T 27511135 Compressioftype builtin refrigerators,
f 27511150Chest freezers resf a capacity O 800 I it
f 27511170Upr i ght freezersresof a capacity O 900 | i

Data on imports and exports daneludedfor the years 2003 to 20 and are expressed in piecBata
for 2021- 2024 were obtained by linear extrapolation of the treffak. the years before 2003, activity
data were generatdzhsed ordata on the number of househof®vided bythe Central Bureau of
Statistics. It was assumed that each household has one refrigerator.

The mass of HF@34a in household refrigerators was estimated based on an average charge of 50
grams.Household refrigerators are generally ndillred. Whentheir cooling efficiency falls below a
satisfactory valuesefrigeratos arereplaced. The share of new refrigera with R600awas growing

by 2% per year from 2000 to 2015, when the market share was estimated at 30% and 70% with HFC
134a.
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Industrial refrigeration (2.F.1.c)

Activity data for this subcategory were collectes in the case of the commercial refrigeration
subcategoryfrom PNOSformson stationary equipment and appliances filled with 3 or mor®&ta
for 2021- 2024were obtained by linear extrapolation of the trend.

Transport refrigeration(2.F.1.d)

The total number ofefrigerationvehicles was obtained from the CVH. Data were obtained for the
period 20072020. Data for 2021 2024 were obtained by linear extrapolation of the treédata for the
period before 2007 were obtained by linear extrapolation of data forZ0@7

The ratio of HFC134a to HFG404a is as follows:
1  70/30% for the category of vehicles for the transport of gobdapacity ofupto 3.5 t,
1 20/80% for the category of truckgth capacityover 3.5 t,
1 0/100% for the category of sermailerswith capacityover 3.5 t.

Mobile air conditioning(2.F.1.e)

The total number of vehicles (cars, trucks, buses) is taken from the data of the Croatian National
Statistics Office for the period 199820. Data for 2021 2024 were obtained by linear extrapolation
of the trend.

The mas®f thechargeof one system is 0.7 kg and is in accordance with Table 7.9, Volume 3, Chapter
7, 2006 IPCC GL.

Sationary air conditioning2.F.1.)

There is no production of these devices in Craatidthey aresolelybeingimported. Smaller split and
multisplit air conditioners and heat pumps come precharged with refrigerant, while VRF systems as well
as water chillers are filled after installation.

Activity data for this subcategory were collected flBNMOSformson stationary equipment and devices
filled with 3 kg or more Data for 2021 2024 were obtained by linear extrapolation of the trepat.
devicessmallerthan 3 kg, which include split, multisplit and smaller heat pumps, there are no
installation datalnformationon these devices in Croatia were assebssdd on the studiEfficiency

and sustainability of systems for collection, recovery and reuse of ODS and fluorinated greenhouse gases
and analysis of the impact of Regulation (EU) 517/2014 on fluetihgreenhouse gases on the
economy in the Republic of Croati@&SB, 2016, for 2015. For the period 1995 to 2008, data on imports
and exports of split air conditioners from the HCFC PlmgeManagement Plan (HPMP) of the
Ministry of Environmental Protection and Physical Planning from 2009 were used. From thedata it
be concluded that for the period before 2000 theasnw import of smaller air conditioning systems
and heat pumpfilled with HFCs i.e., onlyHCFG22 was usedAfter 2005, due to the Rafation on
ODSand Fluorinated Greenhouse Gases, which bans the import of-H&¥ed products, the import of
HFC-based devices began. Ddita the period between those yeargere interpolated andfter that
periodextrapolated using the GDP of the Republic of Croatia.

The increase in emissions due to disposal for the period after 2019 results from the fact that devices with
R407C installed in 2005 were decommissioned in 2020. In 2005, a significant increase in
commissioning of devices with R407C was recorded.

Total emissions of C&equivalentrom Refrigeration and Air Conditioning Equipment are given in the
Table 4.71.
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Table 4.71: Emissiongrom Refrigeration and Air Conditioning Equipment (%)

1995 1734 26 278 18644 NO 549
1996 3719 52 460 18442 456 1059
1997 6184 77 587 18240 1453 1635
1998 9325 103 927 18038 3080 2289
1999 13166 129 1221 17837 5393 3034
2000 17753 151 1573 17635 8310 3870
2001 23540 173 2102 17433 12034 4958
2002 34949 194 4808 17727 17228 5762
2003 43848 225 6273 18871 24002 6952
2004 51002 255 6816 20015 32426 8555
2005 60513 286 7865 34210 42596 30480
2006 70525 319 8931 35213 54639 58862
2007 85252 346 12319 35642 69115 08488
2008 96895 366 13718 37492 84990 136662
2009 115207 389 14988 37569 99959 178632
2010 134878 12946 16464 40526 113775 214502
2011 148195 12940 18694 40861 127420 250157
2012 170562 6666 25260 41442 138363 286571
2013 180449 6662 26466 43363 151168 323170
2014 198629 6658 33013 44772 168614 363278
2015 211390 5841 43956 47076 186639 410871
2016 257295 5707 54379 49461 210498 465117
2017 288586 5573 66906 50720 232590 544646
2018 292553 7949 70423 53867 266556 625722
2019 298079 7528 73730 54798 301887 696007
2020 303584 7853 74370 57320 335153 760778
2021 315105 8796 82302 59172 364919 834301
2022 317733 9445 84260 61283 400198 907703
2023 325676 9592 87896 63050 432837 979517
2024 333080 10359 91957 65265 465082 1052584
4.7.1.3. Uncertainties and timseries consistency

For commercial and industrial refrigeration and stationary air conditioning AD andhégdttainty
amounts to 500, based on expert judgemeRbr domestic refrigeration ADngertaintyis estimated to

be 30 %, and EF mcertainty25%. For transport refrigeration and mobile air conditioning AD and EF
uncertainty amounts t@5 %.

4.7.1.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submissiactivities related to quality control were mainly
focused on completeness and consistency of emission estimates and on proper use of notation keys in
the CRT tables according to QA/QC plan.

4.7.1.5. Categoryspecific recalculations

There were no recalculatians
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4.7.1.6. Categoryspecific planned improvements

Categoryspecific improvements are nptanned.

4.7.2. Foam blowing agents (2.F.2); Fire protection (2.F.3); Aerosols (2.F.4); Solvents
(2.F.5)

4.7.2.1. Category description

Foam blowing agents (2.F.2)

Fluorinated hydrocarbonsere used in the foam industry as foam suppression additives mainly as a
substitute for CFC and HCFC gases. In Croatia, only a few companies pradiidddams using
HCFG-141b from 1997 to 2008) and HCFTCA2b (1991 to 1999), but due to legislation, the Regulation
on ODS (120/2005) and harmonization with the legal framework of the European Union since 2008
(completion of the HCFC phase out Management Pliaey change the technology using pentane
based natural gas.

There are two groups of foam, open celfflexible foam and closed cell aigid foam. Forflexible
foams, emission occsiimmediately and/or shortly after production, while fagid foams it occurs
throughout the foam liteme. The most common subcategoryfl#xible foams is polyurethane one
component foam, which is most used for mattresses and furniture, and the most aagrthfoams
are polyurethane and extruded polystyrene foams (XPS) used in thermal insulation systems.

Fire protection (2.F.3)

In general, there are two types of fiyotectionequipmentstable, fixed installations and portable fire
extinguishers. Until the early 1990s, halon systems were the second most widely used fire extinguishing
agens after powder systems and apparafieday; instead of halons (1301 and 1211), which ceased to

be used in accordance with the provisions of the Montreal Protocabrditectionis carried out with
apparatus and systems filled with HFThke following @nsumption was recorded in Croatia:

1 HFC-125 and HFE27ea irfixed systems
1 HFC-236fain portable fire protection systems

Aerosost (2.F.4)

Medical inhalers used in Croatiaostly useHFC-134a,but a few years ago a smaller quanttyHFC-
227eaappeared on the market

Solventg2.F.5)
This category does not exist in Croatia.

4.7.2.2. Methodological issues

Methodology
Foam blowing agents (2.F.2)

- OTH (2003 onwardi closedcell)
- T1a (200620107 openedcell)
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County specific method was usddr the preparation ofctivity data by reviewing PRODCOM
database and statisticas well asemission factors in accordance with the 2006 IPCC GL, which
encouragepresentingemissions from disposal and collection of HFCs at the end of theiimige

Emissions from disposal and destruction are not shown because the observed products have not yet
reached the end of their life cycle.

For the period 2002010 quantityof HFC-152a was reported under the categorylefible foams-
open cells based on the Tier 1a methodolagy usingdata on imports and exports of HAG2a.

Fire protection (2.F.3)
- T1 (1995 onwardi fixed systems)
- T2 (2003 onwardi portable systems)

Tier 1 (fixed systems) and Tier 2 (portable systems) approaches werguasedling teequation7.17,
2006 IPCC GL, Volume 3, Chapter 7, p. 61.

Aerosot (2.F.4)
- T1la (2003 onwarg
Theapproachaccording teequation7.6, 2006 IPCC GL, Volume 3, Chapter 7,28 was used.

Emission factors

Foam blowing agents (2.F.2)

Emission factorsaccording totable 7.6 Volume 3, Chapter 7, 2006 IPCC ®lere used foiXPS
Becausehe ratio of different types of PUR foams for this category is not known, general emission factor
according to the table 7v@as used.

Values of emission factors for rigid foams:are
1 lifetime: 50yearsXPSand20yearsPUR
T first year 40 % XPSand10 % PUR
1 annual losses3% XPSand4.5% PUR

For flexible foams, emission factor 800%during production was used

Fire protection (2.F.3)

Initial chargeemission factoffor fixed systemss estimated to be 2%. Stock and dispagaission
factors are estimated to 486 and2%, according t®2006 IPCC Gland recommendations of the experts
from the company that deals with filling, collecting and maintenance of fixed sy$t&atreservis
d.o.o., Varagdin).

Emission factoiof manufacturingportable fire extinguishers was obtained from the company PASTOR
TVAd.d., and amounts to 19roduct life factoof portablesystemss also estimated at 4%. As portable

fire extinguishers have ldetime of 10 years, aftethatthe substance is collected fratlre systemthe

tank is changed and refilled with the collected and added new substance. The manufacturer estimates
that between 5 and 15% of the substance in the tank is lost during the renewal of the deviosféor tra

to a temporary container). For this reason, emission factor of 15% wafoutezirecovery/disposal.
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Aerosos (2.F.4)

As the time betweetie purchasendtheuse is extremely short, and the inhaled gas is emitted into the
atmosphere without any chemical changes, when calculating emissions, the emission factor is assumed
to be 1, ie,, the emission level corresponds to 100Ptise/purchase of inhalers.

Activity data
Foam blowing agents (2.F.2)

Activity data were generated using PRODCOM statistics databhese data include imports, exports
and production for two categories of foam:

22214120 Plates, sheet, film, foil and strip of cellular polymers of styrene (containing XPS),
22214150 Plates, sheets, film, foil and strip of cellular polyurethanes (PUR).
Data for 2021 2024were obtained by linear extrapolation of the trend.

Data on imports, exports and production are included for the years from 2003 to 2024 and are expressed
in kilograms.To calculate the mass of HFC used for foam blowing, it is necessary to know the portion

of HFC gas within the foam product, the portion of HFC gas within the foam blowing mixture and the
type of HFC gas, according to equation 7.7, Volume 3, Chapter 7,IRQW6 GL.The total emission

for a given year was calculated using the default factors from Tables 7.5 and 7.6.

The following table shows the assumed values and references used in the calculation.

TaHde 4.7-2: Summary of values and references used icdlailationfor the category 2.F.2

Data XPS PUR Referene

Domestic production in the give

year[t] . https://ec.europa.eu/eurostat/web/mai

Importi export of foam in the giver PRODCOM statises data/database

year|[t]

Foamblowing mixture / foam type 6 % 8 % RevisedIPCC1996 page2.59 (615 %)

[%] 0 0 andIPCC/TEAPStudy

HFC foam blowing mixture 40 % and| 20 %  and| DG Climate Fgases Reg.Review Stuc
decreases t20 % | decreases tb0 % | andIPCC/TEAPStudy

Within the PRODCOM category22214120polystyrene foams, only XPS is manufacturedHiyC
charge blovng. Estimation of the share of XPS foams within the category of polystyrene foams on the
Croatian market is estimated at 10%, by the Croatia Green Building Coi@@BC). The use of HFC
gasesfor foam blowing began mainly after 2003 as a replacement for czi@pdeting substances.
Today, HFC gases are also being replaced by technologies with natural sulsiidrioeas GWP, such

as CQ, hydrocarbons, etc.

According to the Fgases Regulation Review of DG Climatady,the ratio of HFCs among other foam
blowing gases is 40% for XPS foams and 20% for PUR foams for the perio22@Q@3Also, according

to the same study, the first significant HFC consumption for foam produstéotedin 2003 ¢he
companyBASF) and enédin 2011, while the IPCC/TEAP study suggests the end of consumption in
2015.

The share of the use of different HFC gases for foam production is based on historical data published
by BASF:

1 90% HFG134a and
1T 10% HFG227ea.
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It should be noted that HFZ27ea gas is considered to be a zeotropic mixture of 35thfc gases to
which HFG227ea is added to neutralize flammability in the following proportions:

1 HFC-365mfc / HFG227ea 93/7%- for direct foam injection and
1 HFC-365mfc / HFG227ea 87/13%- for fully formulated PU systems.

The share dfiexible andrigid foams within the PUR foam category is also based on historical data from
BASF:

1 90%rigid foam and
1 10%flexible foam.

The emissions calculatidior flexible foam was made in accordance with expression 7.8 Volume 3,
Chapter 7, 2006 IPCC GL.

In addition to the methaibgy given abovefor the period 2002010 quantitiesof HFC-152a vere
reported in the category of open cidixible foams based on the Tier 1a methodology, data on
imports and exports of HFC52a used for the productionfiéxible foams.

Fire protection (2.F.3)

Introduction to the marketf HFCsin fixed andportablesystems and their lifeneis as follows:
1 HFC-125:introduction to the markén 2003, lifdime 20 years
1 HFC-227ea: introduction to the market in 198tetime 20 years
1 HFC-236fa:introduction to the market iR003 lifetime 10 years

Activity data for substances usedfixed fire extinguishing systems (HFC25 and HF€227ea) were
collected for the period 2083020 partially from the Ministryresponsible for environmental protection
andpartially from importers of these substances.

Activity data related to portable fire extinguishers (HEgSfa) were collected for the period 262320

from the company that manufactures them. In additiquamtities oHFC-236fa importediuring this

period quantities of devices sold on domestic and foreign markets were also collected. The company
produces two types of fire extinguishers: Fe26kg and Fe36 3 kg.

Data for 2021 2024were obtained by linear extrapolation of the trend.

Aerosos (2.F.4)

Medical inhalers are importeahd they arenot produced in Croai As it is a medical product, tie
placing on the market is strictly regulated. In Croatia, medical inhalers filled withll3BG&vere placed
on the market in 200&ndthose filled with HFC227ea in 2016.

Activity data were collectetbr the yeardrom 2007 to 2Q0, from theAgency for Medicinal Products
and Medical Devices of Croati@ALMED), for medical inhalers filled with HF@34a and HFE
227ea.

Data for 2021 2024were obtained by linear extrapolation of the trend.

For the yeargrior to2007, activity data (consumption) was estimated by extrapojatsimg the GDP
of the Republic of Croatia.

Emissions of HFCs used in 2.F.2, 2.F.3 and 2.F.4 are given in the TaB3le 4.7
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Table 4.73: Emissions of HFCs used in 2.F.2, 2.F.3 and 2.F.4

.

4

1995 1484 201 NO

1996 3129 129 NO

1997 4279 123 NO

1998 6102 119 NO

1999 8323 114 NO

2000 10951 109 NO

2001 12868 205 NO

2002 18893 165 NO

2003 15431 425 4740
2004 17180 546 5115
2005 18866 761 5503
2006 20337 1263 6000
2007 22458 2125 6569
2008 21483 2269 5335
2009 20551 2722 7611
2010 19659 3118 8781
2011 18807 3772 8424
2012 17992 4758 8419
2013 17097 5636 9028
2014 1484 5577 9349
2015 3129 6143 9897
2016 4279 5987 9906
2017 6102 5972 9791
2018 8323 5823 9858
2019 10951 5844 10075
2020 12868 5719 9464
2021 18893 5675 9638
2022 16267 5611 9555
2023 15429 5566 9405
2024 14580 5504 9253

4.7.2.3. Uncertainties and timseries consistency

For category 2.F.2, uncertainty of estimation of activity data is 50%, while uncertainty of estimation of
emission factors is 25%, based on expert estimates.

For category 2.F.3, activity data uncertaiist25% while emission factors uncertaingyl0%, because
the highest values of the recommended range were used in the calculation.

For category 2.F.4, given that thearmaceuticadegment is highly regulatesblely for the purpose of

estimating consumption for the period 2003 to 2007, activity data uncertainty is estimated at 10%.

Uncertainty of emission factors was estimated at 0%.

4.7.2.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submissiactivities related to quality control were mainly

focused on completeness and consistency of emission estimates and on proper use of notation keys in

the CRT tables according to QA/QC plan.
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4.7.2.5. Categoryspecific recalculations

There were no recalculatians

4.7.2.6. Categoryspecific planned improvements

Categoryspecific improvements are npfanned.

4.8 Other product manufacture and uSR([ 2.G)

Global warming potential valudsom the IPCC Fifth Assessment Report (AR5) have been used in this
submission.

4.8.1. Electrical equipment (2.G.1)

4.8.1.1. Category description

SKsis used for spark preventi@amd insulation in high voltage (1880 kV) and medium voltage 36
kV) gas circuit breakers GBC andgas insulated switchgear and substatioilS. This equipment
was first used in Croatia it982. The equipment is manufactured in Croatia in sevsuaisidiary
companies of the compahyO N L A ELEKTROINDUSTRIJA d.d It is exportedand also partially
imported Equipment lifetime is betwee30 and40years

4.8.1.2. Methodological issues

Methodology
- T2 (1990 onwarg

In Croatia, SEgas is not produced, but is fully imported for the needs of equipment production and
system upgrades during service and maintenance.

Monitoring of imports, inputs, exports amditputsand placing on the market of S§as as well as
stationary equipment containing it (commissioning, decommissioniag)or the first timgrescribed
by theRegulation on OD&nd Fluorinated Greenhouse Gases (OG 92/2012)12. Available data
were obtained from the Ministngsponsible for environmental protection

The Tier 2 methodology in accordance with the 2006 IPCC GL was applied:

Total emission Manufacturing Emissions + Equipment Installation Emissions
+ Equipment Use Emissions + Equipment Disposal Emissions

Emission factors

According to manufacturers and operators, emission factor during filling in factory and first filling on
site during installation ranges frorfalto 2% and is therefore estimated at 1.5%.

Emission factor for servicing and maintenance is 0.01 for high voltage circuit breakers and 0.005 for
high voltage apparatus.
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In Croatia, SEgas is not destroyed but collected during the disposal of equipment. Data on equipment
and nameplate mass of gas at dispa@sal documented in accordance with the abovementioned
Regulation. According to the operator's data, emission factor at disposal was estimated at 2%.

Activity data

Activity data were collected from users, operators afdgaisfilled equipment. Data on total amount of

gas used to fill electrical equipment, data on gas leakage during use, data on equipment produced for
nationalneeds and exportas well agstimates of emissions during productionidisposal losses were
collectedfor thewholetime series.

Data for 202t 2024were obtained by linear extrapolation of the trend.

Data on imports and exports of equipment were collected from databases of then@aat@ms
Administration.

Emissions of Sfused in Electrical Equipment are presented in the Tabl#.4.8

Table 4.81: Emissions of St COz-eq)

1990 11055
1991 10934
1992 11021
1993 11138
1994 11955
1995 12447
1996 12895
1997 12523
1998 13403
1999 13348
2000 12717
2001 12806
2002 13147
2003 13496
2004 13954
2005 14701
2006 14569
2007 14587

2008 13390
2009 9628
2010 10133
2011 10574
2012 11299
2013 7399
2014 7910
2015 5747
2016 6801
2017 7233
2018 6463
2019 8093
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2020 9353
2021 9629
2022 9998

2023 10473
2024 10774

4.8.1.3. Uncertainties and timseries consistency

Sincedata were obtained from industry, the uncertainty of activity data was estimated at 25%.
Uncertainty of emission factors was estimated at 30%.

4.8.1.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submissiactivities related to quality control were mainly
focused on completeness and consistency of emission estimates and on proper use of notation keys in
the CRT tables according to QA/QC plan.

4.8.1.5. Categoryspecific recalculations

There were no recalculatians

4.8.1.6. Categoryspecific planned improvements

Categoryspecific improvements are not planned.

4.8.2. SFs and PFCs from other product use (2.G.2)

This category does not exist in Croatia.

4.8.3. N2O from product uses (2.G.3)
4.8.3.1. Category description

Nitrous oxide emissions camisefrom a number of products, but the dominant influence is in twe sub
sectors: in medicine fanaesthesiand in the food industry as propellant.

4.8.3.2. Methodological issues

Methodology

For the purposes of emissi@stimate methodology according togeation 8.24, 2006 IPCC GL,
Volume 3, Chapter 8, p. 3@as applied.

Emission factors

For emissiorestimatetotal emission of nittusoxide in the reporting year is assumesl,in both cases
of application, emission factors are assurtteblel.
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Activity data

Historical activity datawere collected from the local distributor of oisoxide, separately for medical
needs and for the needs of the food indydby the period 2002020 andalso fromthe Ministry
responsible for environmental protection

Data on nitousoxide consumption activities for medical purposes

For the period 200Q009 activity data are estimated by linear extrapolation using kroata for the
years 2002020, while for the period 1999000 consumptions fixed on the valuérom the yeaf000.
Moreover, with the aim of comparing supplier data, data ooustixide consumption were collected
from several of the largest hospitals in Croatia for the period-2020. Consumption matches within
*+ 10%. In conversations with hospital pharmacies, it can be concluded tbasaoitide consumption
has been declining over tiiears with the intention of abandoning this methoahafesthesialtogether.
Data for 2021 2024were obtained by linear extrapolation of the trend.

Data on activities ohitrousoxide consumption for food purposes

From conversations with the heads of procurement departments of major food companies in Croatia, it

is possible to conclude that mitrsoxide has not been used for food production for the last ten years
Previously, it was procured exclusively from one prodydaust data for the period prior to 2009 are not
available.For this reason, the estimate of aitsoxide consumption for the food industry is estimated
only on the basis of data submitted by the Minisggponsible for environmental protectifor the
period 20092017, while consumption fahe period20182024 is estimated by linear extrapolation.

Total NbO emissions from product usare shown in Table 4-38.

Table 4.82: N20O emission from product uses

1990 0.123
1991 0.123
1992 0.123
1993 0.123
1994 0.123
1995 0.123
1996 0.123
1997 0.123
1998 0.123
1999 0.123
2000 0.123
2001 0.120
2002 0.117
2003 0.113
2004 0.110
2005 0.107
2006 0.103
2007 0.100
2008 0.097
2009 0.091
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2010 0.090
2011 0.089
2012 0.081
2013 0.074
2014 0.067
2015 0.068
2016 0.065
2017 0.066
2018 0.062
2019 0.061
2020 0.067
2021 0.064
2022 0.064
2023 0.066
2024 0.066

4.8.3.3. Uncertainties and timseries consistency

For estimationof NoO emissions frormuse ofanaesthesjauncertainty of activity data is 20%, and
uncertainty of emission factors is 10%, based on expert estimates.

For emissions fronuse infood industry, uncertainty of activity data is 50% and the uncertainty of
emission factors is 10%, based on expert estimates.

4.8.3.4. Categoryspecific QA/QC and verification

During the preparation of the inventory submissiactivities related to quality control were mainly
focused on completeness and consistency of emission estimates and on proper use of notation keys in
the CRT tables according to QA/QC plan.

4.8.3.5. Categoryspecific recalculations

There were no recalculations.

4.8.3.6. Categoryspecific planned improvements

Croatia plans to further investigate the poss#ugarcesof Sk emissions from particle accelerators,
medical accelerators and electron microscopes. The results of the research will be included in one of the
following submissions.

4.9 Other (2.H)
This category includes the following schtegories:
- Pulp and paper industry

- Food and beverages industry



4.9.1. Pulp and paper industry (2.H.1)

There are three types of procest®sa production opulp and paper that have existed or still exist in
Croatia: Kraft (sulphate), acid sulphite and neutral sulphite-sbemical process. Sulphate pulping
was used until 1990 and acid sulphite pulping was used until 1994, while the neutral sulphite semi
chenical process still exists.

Emissions of S@ CO, NG andNMVOC, as well as activity datare taken from the emission inventory
report ORepublic of Croatia Informative202nvent ol
Submission to the Convention on Lerange Transboundary Air Pollution.

Emissions estimatis based on th&ier 2 of EMEP/EEA 203 methodology; multiplication of annual
products quantities by the appropriate emission factor. For all activities in this source catefguy,
emission factors are us@@MEP/EEA 2@3 Guidebool.

Detailed information on emissions trends for esmltircecategory are available in tdovementioned
emission inventory repart

4.9.2. Food and beverages industry (2.H.2)

The following activities are considered within the scope of this category: production of wine (white and
unspecific colour wine), spirits, beer, bread, coffee roasting, meat, fish etc. frying/curing, sugar
production, animal feed, margarine and solid fatsl final cakes, biscuits and breakfast cereals
production.

Emissions of NMVOCas well as activitydata,r e t aken from the emission i
of Croatia Informative Inventory Report for LRTAP Convention for the 2884 Submission to the
ConventiononLong ange Transboundary Air Pollutioné.

Emissiors estimae is based on the Tier 2 of EMEP/EEAZ3 methodology; multiplication of annual
productsquantities bythe appropriate emission factor. For all activities in this source catetgiaylt
emission factors are us@@MEP/EEA 2@3 Guidebool.

Detailed information on emissions trends for each source category are available in thmabimeed
emission inventory report.
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Chapter 5: AgricultureGRT sector 3)

5.1 0verview of sector

The agricultural activities contribute directly to the emission of greenhouse gases through various
processes. The following main sources have been identified to make a more complete break down in the
emission calculation:

- Livestock: enteric fermentation (GHand manure management (£ N.O)
- Agricultural soils (NO)
- Liming and urea application (G

The total emission in 2@2caused by agricultural activities was3s6.78kt CO.-eq, which represents
11.29% of the total inventory emission. Methane (Cahd nitrous oxide (PO) are primary greenhouse
gases discharged as a consequence of agricultural activities (Figije 6flall the ruminants, dairy

cattle are the largest source of methaneJJ@&thission. The result of agricultural soil management,
manure management and agricultural engineering are relatively high in the emission of nitrous oxide
(N20). Emission generated by burning agricultural residues was not included in the calculation because
this activity is prohibited by Croatian regulations. There are no ecosystems in the Republic of Croatia
that could be considered natural savannas or etdsfitherefore, no greenhouse gas emissions exist for
this subcategory.

Figure 5.11: Agriculture emission trend
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Greenhouse gas emission decreased from-1996 due to the war which highly influenced the animal
population, crop production, consumption of mineral fertilizers and the overall agricultural practice in
Croatia. In the posiar period, the sector beganr&vitalize and emission trend stabilized due to better
national circumstances for agricultural production. Tablelsahd Table 5-P show the total emission
from Agriculture by gases and by emission sources for the period23240



Table 5.11: Emission of greenhouse gases from agriculture by gas

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

83.43
78.84
62.24
61.90
56.31
54.17
51.01
50.09
48.86
49.14
48.20
48.68
47.58
49.65
51.12
52.10
52.02
50.03
48.13
47.63
46.56
45.63
45.84
43.96
43.33
42.64
42.70
42.58
39.94
39.97
38.97
38.55
36.46
34.60

34.96

14.56
14.83
11.90
12.54
12.67
12.16
12.14
12.27
12.37
13.52
13.20
13.68
14.05
15.08
15.87
15.21
16.96
16.43
15.22
16.31
16.76
16.09
15.73
14.87
14.84
14.86
14.46
14.05
13.19
12.94
12.40
12.24
11.45
10.88

11.23

97.99
93.67
74.14
74.44
68.98
66.34
63.15
62.36
61.24
62.66
61.41
62.36
61.64
64.73
66.99
67.31
68.98
66.46
63.35
63.94
63.32
61.73
61.56
58.82
58.18
57.50
57.16
56.63
53.13
52.90
51.37
50.79
47.91
45.47

46.19

1.012
0.97
0.76
0.76
0.73
0.68
0.64
0.63
0.61
0.64
0.60
0.60
0.59
0.61
0.61
0.57
0.59
0.55
0.50
0.52
0.50
0.47
0.46
0.43
0.43
0.42
0.42
0.42
0.39
0.39
0.38
0.36
0.36
0.33

0.34

4.76
4.73
4.39
3.74
3.76
3.65
3.69
4.25
3.71
3.95
4.02
4.29
4.20
3.93
4.21
4.29
4.33
4.29
5.30
3.57
3.86
4.16
3.78
3.23
3.06
3.33
3.15
3.59
3.63
3.62
3.70
3.73
3.37
3.32

3.46

5.77
5.70
5.15
450
4.48
433
433
4.88
432
458
462
4.89
479
454
4.82
4385
491
4.84
5.81
4.09
436
463
4.23
3.66
3.50
3.76
3.58
4.00
4.02
4.00
4.08
4.10
3.72
3.65

3.80

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
17.48
16.60
20.78
11.92
21.46
21.32
14.38
14.23
19.99
12.09
11.20
10.92
4.62
2.07
6.89
18.70
5.87
6.38

14.43

50.02
50.95
65.51
52.14
47.57
46.29
52.44
68.39
44.25
50.49
60.87
92.09
80.76
71.79
75.94
70.97
63.19
72.72
75.83
65.04
66.58
83.86
86.85
60.39
49.47
57.25
64.96
70.21
67.62
73.59
88.29
73.57
42.01
21.67

42.94

50.02
50.95
65.51
52.14
47.57
46.29
52.44
68.39
44.25
50.49
60.87
92.09
80.76
71.79
75.94
70.97
80.67
89.32
96.60
76.96
88.04
105.18
101.23
74.61
69.47
69.34
76.17
81.13
72.24
75.66
95.18
92.26
47.88
28.05

57.37
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Table 5.22: Emission of greenhouse gases from agriculture ip€20O

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2336.03

2207.56

1742.71

1733.21

1576.63

1516.84

1428.37

1402.54

1368.17

1375.91

1349.71

1363.14

1332.32

1390.19

1431.35

1458.81

1456.68

1400.89

1347.72

1333.59

1303.76

1277.73

1283.43

1230.76

1213.29

1193.79

1195.55

1192.32

1118.35

1119.03

1091.14

1079.31

1020.85

968.74

407.78

415.31

333.28

351.21

354.79

340.58

339.88

343.62

346.49

378.54

369.73

382.92

393.48

422.21

444.36

425.90

474.84

460.00

426.06

456.72

469.23

450.61

440.38

416.33

415.64

416.09

404.92

393.28

369.33

362.24

347.29

342.83

320.69

304.54

2743.81

2622.87

2076.00

2084.41

1931.42

1857.43

1768.25

1746.16

1714.66

1754.45

1719.44

1746.06

1725.80

1812.40

1875.70

1884.71

1931.52

1860.89

1773.78

1790.31

1772.99

1728.33

1723.82

1647.09

1628.93

1609.89

1600.48

1585.60

1487.67

1481.27

1438.43

1422.13

1341.54

1273.28
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170.20

166.49
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123.74

120.76

113.27

114.84

112.43

112.57

111.02

102.31

102.46

101.06

96.52

94.62

87.71

1261.97

1253.06

1163.33

992.19

996.12

968.11

977.55

1125.97

981.93

1046.40

1064.70

1136.62

1112.18

1041.70

1115.14

1136.03

1146.37

1136.33

1405.46

947.31

1022.00

1102.20

1000.79

857.23

812.20

883.15

834.89

950.15

961.85
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980.43

988.82

892.44

880.35

1530.14

1511.26

1365.34
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1147.37

1147.75
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1143.59

1214.80

1223.94

1295.08

1269.29
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1302.30

1281.67
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1083.89
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1225.94

1121.55
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18.70
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65.51

52.14

47.57

46.29
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68.39

44.25

50.49

60.87

92.09

80.76

71.79

75.94

70.97

63.19

72.72

75.83

65.04

66.58

83.86
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60.39

49.47

57.25
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70.21

67.62

73.59

88.29
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21.67

50.02
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65.51

52.14

47.57

46.29

52.44

68.39

44.25

50.49

60.87
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71.79

75.94

70.97

80.67

89.32

96.60

76.96

88.04

105.18

101.23

74.61

69.47

69.34

76.17

81.13

72.24

75.66

95.18

92.26

47.88

28.05

4323.96

4185.08

3506.85

3329.25

3167.41

3051.09

2968.44

3107.01

2902.50

3019.74

3004.24

3133.24

3075.85

3087.04

3229.75

3241.96

3314.49

3231.88

3409.47

2951.16

3015.26

3059.45

2946.60

2692.20

2625.44

2674.81

2624.10

2727.90

2624.08

2617.57

2615.11

2599.74

2376.48

2269.38
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In Agriculture, five source categories represent key source category regardless of LULUCF (detailed in
Table 5.13):

Table 5.13: Key categories in agriculture sector based on the level and trend assessme#ifin 202

AGRICULTURE SECTOR Excluding LULUCF Including LULUCF
3.A Enteric Fermentation CH Yes Lle L2e Tii T2i L1i Tle T2e
3.B Manure Management CH Yes Lle L2e L1i

3.B Manure Management N O Yes L2e Tii T2i L2i Tle T2e
3.D.1 Direct NO Emissions From Managed Soils N O Yes Lle L2e T2i L1 L2i T2e
3.D.2 Indirect NO Emissions From Managed Soils N O Yes Lle L2e L1 L2i

Lle- Level excluding LULUCF Tierl  Tle- Trend excluding LULUCF Tierl
L2e- Level excluding LULUCF Tier2  T2e- Trend excluding LULUCF Tier2
L1i - Level including LULUCF- Tierl T1i- Trend including LULUCF Tierl
L2i - Level including LULUCF- Tier2 T2i - Trend including LULUCF Tier2

5.2 CH, emissions from enteric fermentation in domestic livest@éRT3.A.)

5.2.1. Category description

Methane is a direct product of animal metabolism generated during the digestion process. The greatest
producers of methane are ruminants (cows, other cattle and sheep). The amount of methane produced
and excreted depends on the animal digestive systenthargimount and type of the animal feed.
Estimates in the inventory include only emissions in farm animals. Buffalo, camels, and lamas do not
occur in the Republic of Croatia. Emissions from wild animals and-demesticated game are not
quantified and néner are emissions from humans or pet animals. Young cattle are the single major
source of emissions with 39of total CH, emission from Enteric fermentation in 2DZollowed by

dairy cattle with 8%. Cattle livestock in total is responsible for 81% of totak €Mission from Enteric
fermentation.

Figure 5.21 shows the emission of methane from Enteric fermentation for the period fror20890

The emission trend follows the trend of animal population which significantly decreased during the war
period in the early 1990s (up to 1996). Following a minor increase of the animal population trend from
20022006, the trend is shows a steady decrémseach animal category (see Table-%)2

19 Data on key categories are taken from Annex 1 Key Categories.
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Figure 5.21: CH: emission from Enteric fermentation
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5.2.2. Methodological issues

Cattle

Starting with this vy especific@approachveas deeelopeg theaemisserw ¢ o un
estimate from cattleyith the assistance of experts from the Faculty of Agriculture, University of Zagreb.
Country specific values were developed for key years and then interpolated for the time periods between
key years.A countryspecific Tier 2/3 approach was used for dairy cows, according to a dynamic
simulation model that describes the mechanism of the fermentation process in thintgsdinal tract

This model predicts the consequences of feeding on microbial fermentation and the accompanying
production of CH in the rumen and large intestine. The simulation model predicts GEi and CH
production in the rumen and large intestine from the consumption of the eaten meal and its nutritional
characteristics (dry matter consumption, chemical composition, characteristics of digestion in the
rumen). Subsequently, the model calculates Ym franptkdicted Ckland GEi emissions. In addition,

the model predict¥m instead of the previous approach in which we assumed a constant Ym value, as
is the case with the exclusive Tier 2 approach.

For other categories of cattle the Tier 2 approach was applied, and the gross energy intake of consumed
food was calculated according to emission factors (EF) for Crdatiathis calculation, EFs were
calculated using Ym and gross energy (GE; MJ/kg dry matter) feed intake (GEi; MJ/animal/day). The
default IPCC value of 0.065 was used as Ym , except for the feeding of white meat calves that are mainly
fed milk and/or milk eplacer and therefore do not yet have a fully developed rumen.

Since the methodology for the categorization of cattle in the statistical data has changed over the years
i from 8 categories for the period 199099 to 11 categories for 20@024. Over time, it is expected
that this CBS categorization will be uniform across the dataset.

Cattle classification used for emission calculation is as follows: Mature dairgiture dairy cows;

Mature nondairy I mature females and males (other cows, heifers, bullocks, oxen); Youngi cattle

calves. Table 5:3 contains information on how CBS cabeigs for cattle were reclassified into the
appropriate | PCC categories. I n addition,- a sep:
1999, instead Hewevéredi@at ilCewesD.2 years and ove
betheor rect HfAbeef cat t2028 geriod, amoengny toyan avenaget oh~6,852% @fGalD

cattle numbers. This percentage value was used to extrapolate an estimatedofiloeéecattle for
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19901 99 9. The cal cul ated beef cattle numbers

a final dairy cows number for 202D 24.

Table 5.21: Cattle classification into main IPPC subcategories

Dairy cows A Cows* A
) ) A
A Bovine over 2 years <
. . ; A
A  Heifersin calf P
A
Mature non . ¢ el P
dairy cattle A [Beef cattle] A
A Breeding bulls
A
A Bullocks
) A
A Calves under 3 months old A
A Bovine from 3 months to 1 year A
Young cattle \
A Bovine from 1 year to 2 years A
A

Dairy cows

Cattle of 2 years and over, heifers
Cattle of 2 years and over, heifers for slaughter
Cattle of 2 years and over, dairy cows

Cattle of 2 years and over, other cows

Cattle of 2 years and over, male

Young cattle under-Yearold, for slaughter

Young cattle under-¥earold, female

Young cattle under-¥earold, male

Cattle between 1 and 2 years old, heifers

Cattle between 1 and 2 years old, heifers for slaug
Cattle between 1 and 2 years old, male

* Corrected using the fiBeef Cattled calculated category t

** This category was created using the appropriate 22023 category AD trend.

Table 5.22. Maintenance coefficients used to estimate &issions from enteric fermentation of cattle.

Dairy cows A Dairy cows 0.386
A Cattle of 2 years and over, heifers 0.322
Mature nonrdairy A Cattle of 2 years and over, heifers for slaughter 0.322
cattle .
A Cattle of 2 years and over, other cows 0.322
A Cattle of 2 years and over, male 0.322
A Young cattle under-Yearold, for slaughter 0.322
A Young cattle under 1 year old, female 0.322
A Young cattle under 1 year old, male 0.322
Young cattle
A Cattle between 1 and 2 years old, heifers 0.322
A Cattle between 1 and 2 years old, heifers for slaughter 0.322
A Cattle between 1 and 2 years old, male 0.370

Intake of feed and meals for cattle, excluding dairy cows

[o]

wer e

get

Dry matter intake (DMi; kg dry matter/animal/day) was calculated using the Dutch WUM model. The

consumption of different components in the meal (milk/milkpbgducts, grass, grass silage, corn
silage, standard concentrates, prot&h concentrates andewby-products) is calculated annually by

dai

category of cattle based on national statistics on the quantities of these feeds that were traded or
produced. These statistics on feed components cover part of the total energy requirements calculated
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annually according to a countspecific method for different categories of cattle. Subsequently, it is
assumed that the rest of the energy needs for the recorded level of production is covered by the intake
of grass from the pasture.

Intake of feed and meals for dairy cows

For dairy cows, a combination of Tier 2/3 approaches is applied to calculate epeatific emission

factors, divided into the noriivest and soutkast regions of the Republic of Croa8ance both regions

have different meal compositions, the emissions are also different. The most important difference
compared to the Tier 2 approach is that the simulation model predicts the emission factor from food intake
and nutritional characteristi@s model inputs, without using BEi or Ym valudsother importah
difference compared to the Tier 2 approach is that the simulation model takes into account several
nutritional characteristics to predict the fermentation process in the rumen and colon, instead of using
only the net energy value for milk production andintenance as a nutritional characteriséidinal
difference compared to the Tier 2 approach is that the simulation model calculates BEi from dry matter
intake and meal composition instead of adopting BE vdtud3M of feed. EF, BEi and Ym of adult

dairy cows are calculated annually. The Tier 3 approach does not take into account the effects of feed
additives that should reduce @issions

Important input data for the simulation model are:

| Food intake/consumption levels, DM, were calculated according to the WUM model for the
North-West and Soutltast regions, according to the same method as described | for cattle, excluding
adult dairy cows.

1 Chemical composition of DM in different feed components (grasses, grass silage, corn silage,
low-protein concentrates, proteiith concentrates and juicy 4products). They differ in the content of
soluble carbohydrates (including sugars), starch, cdlsvwhemicellulose, cellulose, lignin), crude
proteins (including distinguishing the ammonia fraction), crude fats and crude ash. Data on composition
come from information from the laboratory of the Institute for Animal Nutrition, University of Zagreb,
Faailty of Agriculture, and adapted literature data, if there was no own data, in which voluminous feed,
concentrates, and commercial feed mixtures were analyzed.

1 Characteristics of intestinal degradability of starch, crude proteins and fibers.

The above data varies with annual changes in the proportion of individual feed ingredients (grasses,
grass silage, corn silage, lgwotein concentrates, proteiith concentrates, wet fyroducts) and with

changes in the chemical composition and intrirchiaracteristics of the decomposition of these
substances. The rate of passage of fermentable nutrients and the acidity of rumen and colon contents are
also important model parameters that have a significant impact on predici@do@hiction. However,

this refers to internal model parameters that do not need to be provided as input to the model. Within
the current method, a simulation model predicts fractional transit rate as a function of ST and acidity as

a function of predicted volatile fatty acid contetion.

Methane conversion factor (Ym)

Based on the estimated valudgshe emission factor and BEi, the simulation model calculates the value

of Ym. Ym is therefore not part of the assumptions made in the model representation, but is the model's
predicted outcome in the same unit used forwith the other categories. From the predicted vatdies

the emission factor and BE per year, Ym is calculated as follows:



Ym = EF x 55.65 / (GE x 365) (2.4)
Where:
Ym - Methane conversion factor (fraction of introduced BE converted int) CH
EF - Emission factor (kg Ck{animal/year) estimated by the BE simulation madel
BE intake (MJ/animal/day) estimated by simulation model

It is assumed that 1 kg of GHas a standard energy value of 55.65 MJ (IPCC, 2006), and a factor of
365 was used to calculate BEi on an annual basis..

If the results of the simulation model are not available in a certain year, a secondary (simplified)
approach is used to calculate the emission factor, where Ym and BE/DM from three previous years will
be used (as a reserve of options). The following énué then used to calculate the emission factor:

EF = (DM x 365 x BE/DM (gross energy in DM; average from yedatsmyears 8) X Y m (average

year nl to year A3)) / 55.65 (2.5)

Where:

EF - Emission factor (kg Clk{animal/year)

DM - Ingested dry matter intake (kg DM/animal/day)

BE - The value of gross energy input (MJ/animal/day)

Ym - Methane conversion factor (fraction of introduced BE converted int9 CH

It is assumed that 1 kg of GHas a standard energy content of 55.65 MJ (IPCC, 2006), and the factor
365 is used to calculate DM on an annual basis.

The emission factor is calculated more accurately using equation 2.5 because the estimates are based on
the feeding characteristics of three consecutive previous years instead of using the characteristics of only
one year. Ym depends on all the input datthe simulation model: 1) the level of feed intake, 2) the
chemical composition of the ingested feed and 3) the characteristics of breakdown in the rumen.

More detailed information on cattle natbBxmwernal spe
basis for improvement of the calculation of greenhouse gas emissions from sector 3. Agriculture for the
purposes of developement a national inventory of greenhouse gas emiissions

Other animal categories

The IPCC Tier 1 methodology has been used to calculate methane emission from enteric fermentation
for other livestock categories except for poultry. Default emission factors for developed countries were

used for the entire data series (Table 10.10 andL1R0D6 IPCC Guidelings CH; emissions from

enteric fermentation of poultry were not calculated since the estimation method for this animal category

were not developed and no default EF for tier method was provided by the 2006 IPCC Guidelines.

For rabbits, emissions have been estimated by applying emission factor used in the Slovenian and Italian
GHG inventories, i.e. 0.08 kg per animal per year (for all years in the time series).

Entire agricultural l and area in Croatidl’€Cs in i
according to the literature &ni novi )., M. et al
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Activity data

The main three sources regarding the animal's population numbers are the Central Bureau of Statistics
(CBS) and FAO database. See Table-3.for detailed information. For animal categories where
national data was not available, FAO data was considered an adequate replacement source. Activity data
source for horses and mules and asses for the time perio2@Ad0ses values from the Ministry of
Agriculture (MA) for increased accuracy of data. Data provided by Croatian Agricultural Agency (CAA)
was useddr he population numbers of horses and mules/asses for the missing yeatE0@905

Activity data for rabbits and hares is available from CBS for the years: 2003, 2007, 2010, 2013, 2016

and 2020. For the rest of the time series the AD was interpolated (for the missing years in the middle of

the time series), for 1992002 highest availablAD (for 2003) was used. For 262019 available 2016

AD was used. For the year 202020 AD was used. Further investigation into the availability and
accuracy of source data for some of the key historical yeargparticular the 1992002 period.

Ded si on was thus made to go with the conservatiyvy
199032002 and revisit the AD extrapolation as more known datapoints become available.

Cattle, swine and poultry subcategorization into distinct cattle subcategories was provided by CBS.

Table 5.23: Sources of activity data regarding animal population

Cattle 19902024

Sheep 1990204

Goats 19901991; 19921998
19992024

Horses 19901994 19951999 20162024

Mules/assess 19901991 19921994 19951999 20102024

Swine 19902024

Poultry 19902024

Rabbits 20083, 2007, 19902002, 20042006, 2008
2010, 2013, 2009, 20142015, 20172019,
2016, 2020 2021, 20222024°

1used AD from year 2003  2used AD from year 2016 2 used AD from year 2020

Table 5.24: Number of animals produced annually in the period from 19804
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1990
1991
1992
1993

1994

1995

1996

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

463
444
360
347

326

317

294

284
274
268
262
254
247
252
226
235
233
225
213
212
207
185
181
168
159
152
147
139
136
130
110
102
79

71

71

361
313
230
242

193
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168

168
169
170
164
184
170
192
240
236
250
242
241
235
238
262
271
274
281
289
298
311
278
290
313
325
343
344
352

751
753
539
525

444

453

427

453
427
488
529
539
580
587
722
796
680
646
643
619
629
639
679
620
605
608
619
637
636
657
662
654
643
552
553

172
133
114
105

108

107

105

100
84
78
79
93
97
86
126
134
103
92
84
76
75
70
72
69
61
62
76
7
80
82
86
86
82
73
68

39
36
26
22

21

10
11
14
15
17
18
19
18
20
20
19
20
20
21
21
22
23
23
24
25
26
29
31
33
36

17
13
13
12

N
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1573
1621
1182
1262

1347

1175

1197

1176
1166
1362
1234
1234
1286
1347
1489
1205
1488
1348
1104
1250
1231
1233
1182
1111
1156
1167
1163
1121
1049
1022
1033
971

944

853

874

17102
16512
13142
12697

12503

12024

10993

10945
9959

10871
11256
11747
11665
11778
11185
10641
10088
10053
10015
10787
9469

9523

10160
9280

10268
10168
9835

10399
11413
12747
13057
12096
10917
10745
11300

463
463
463
463

463

463

463

463
463
463
463
463
463
463
395
326
257
189
200
211
222
177
132
86
86
85
84
74
65
55
45
45
45
45
45
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The overall livestock population decreased significantly in the war period {1®¥8) compared to
1990. Dairy cattle maintained the decreasing trend over the entire period frorRQ9With a sharp
drop in 2022.

5.2.3. Uncertainties and timseries consistency

Uncertainty estimate associated with activity data amounts to minimal £1% and maximum of +36%,
based on expert judgement. The expert judgement used for the uncertainty of the AD is based on the
authority and information of the AD source (CBS source, FAQ ather data), observing annual
variation in AD and of periodic revisions of the AD. Uncertainty estimate associated with emission
factors amounts to minimal £15% and maximum of +40%, based on expert judgements.

CHa emissions from Enteric Fermentation have been calculated using the same method and data sets for
every year in the time series. Additional efforts are required in order to reconcile the probable
inconsistency of AD for animal numbers trend, specifically humbers of mules/asses and horses
during the war period (1990995) and number of rabbits. CBS is the main data source for other animals
with the exception of FAO data for goats. Trend analysis was performed for the goat's AD tinie series
FAO data vas found to be inline and consistent with CBS data.

5.2.4. Categoryspecific QA/QC and verification

During the preparation of inventory submission, activity data regarding animal population for the entire
time series were checked and revised if found necessary. Therefore, activities related to quality control
were focused on completeness and consisteh@mission estimates and also on the proper use of
notation keys in th€RTtables. After a final draft of this chapter was prepared, an audit was carried out
to check selected activities from Tier 1 General inventory level QC procedures which revatateaksth

of the activities were correctly carried out, during inventory preparation, despite the fact that formal QC
procedures were not prepared.

5.2.5. Categoryspecific recalculations

No recalculation were performed.

5.2.6. Categoryspecific planned improvement
Planned improvements assumed to be-teith or longterm goals (over 1 year) are:

- Report the feeding situation for cattleGRT table 3.A instead of reporting activity coefficients

- Continued improvements and investigation of activity data and additional annual population
subcategorization for animal species that present a significant share in emissions. This applies
particularly to improvement to swine subcategorization to preverestimation of emissions.

- Continued investigation of activity data (livestock population) with the purpose of gathering
more detailed activity data, including sheep annual population subcategorization and rabbit
population for historical years.

- Reuvisiting CBS data on NAPA activity data on swine and poultry categories using a more
detailed model for accurate cremsalysis of available data, with the goal of getting a more
accurate AAP value. Until such analysis is performed and a model develypata will use
the CBS NAPA data for swine and poultry subcategories without conversion to AAP.



5.3Manure managementRT 3.B.)

Management of livestock manure produces both methang &oH nitrous oxide (D) emissions. CH
produced during the storage and treatment of manure, and from manure deposited on pasture is
estimated, and the main factors affectings@rhissions are the amount of manure produced and the
portion of the manure that decomposes anaerobically. This occurs most readily when large numbers of
animals are managed in a confined area and where manure is disposed of-algaidystems.

N20 is produced during the storage and treatment of manure before it is applied to land or otherwise
used for feed, fuel, or construction purposes. The emission@fffdm manure during storage and
treatment depends on the nitrogen and carbon content of manure, and on the duration of the storage and
type of treatment. Direct D emissions occur via combined nitrification and denitrification of nitrogen
contained in the manure. Indirect emissions result from volatile nitrogen losses that occur primarily in
the forms of ammonia and NOXx.

5.3.1. Manure managemeitCHs emissionsCRT 3.B.1.)

5.3.1.1. Category description

Methane is generated under the conditions of anaerobic decomposition of manure. Manure storing
methaods, in which anaerobic conditions prevail (liquid animal manure in septic pits), are favourable for
anaerobic decomposition of organic substance and radéasethane. Methane emission from Manure
management for the period from 1990 to 282presented in Figure 513 The emission trend depends

on the animal population trend.

Figure 5.31: CH: emission from Manure management
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5.3.1.2. Methodological issues

Countryspecific approach was developed with the assistance of experts from the Faculty of Agriculture,
University of Zagreb for key years and then interpolated for the time periods between key years. More
detailed information about this improvement carfbe u n d i n Expdrtdasis forintproverdent

of the calculation of greenhouse gas emissions from sector 3. Agriculture for the purposes of
developement a national inventory of greenhouse gas enss&ion
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The 2006 IPCC methodology, Tier 2 method has been used to calculate methane emission from Manure
Management for all animals except rabbits. The same activity data as in Enteric fermentation have been
used in emission calculation, thus referring to Chap®&2 and Table 5-2 for additional information.
Estimates have been calculated using default VS andtBs for western Europe from the 2006 IPCC
Guidelines (tables 10A to 10A9), combined with the national data forrlte typical animal mass

(TAM) for cattle and swine categories and default TAM from the 2006 IPCC Guidelines for all other
animal categories; national data on manure management systems (MMS) ratios for all animals except
rabbits (see Chapter 5.3.2.2 for detailed information on MMS).

For rabbits, Tier 1 method IPCC default emissions factor 0.08 kg/head/year was applied. It was
considered that rabbits are not grazed and that only the solid manure system has been used.

Table 5.31: Manure management emission factors for each animal category for the ygar 202

MCF 68 15 0 2 1 2 15
('lﬂaat‘ttllge dairy  5e6.89Cs 526 023 3640 5.40% | 50.80% 0.00% 31.07%  1.87%  10.00% 0.87%
S;Efg mature | g341cs 273 | 017  9.86 2.40% | 39.40% 0.00%  42.33%  500% 10.00% 0.87%
Growing cattle 184.81CS 273 | 0.18  10.29 2.40% | 39.40% 0.00%  42.33%  5.00%  10.00% 0.87%
Sheep 485 040 019 0.22 0.00%  0.00%  0.0%  1827%  81.73% 0.00%  0.00%
Market swine 63 031 047 4.95 2.40%  80.55% 0.00%  6.92%  0.13%  10.00% 0.00%
Breeding swine 193 0.46 0.45 6.68 2.27%  7257% 0.00% 14.16%  1.00%  10.00% 0.00%
Goats 38.5 0.30 018 0.4 0.00%  0.00%  0.00%  567%  94.33% 0.00%  0.00%
Horses 377 213 030 202 0.00%  0.00%  0.00%  29.33%  70.67% 0.00%  0.00%
Mules and Asses = 130 0.94 033 0.83 0.00%  0.00%  0.00%  10.00%  90.00% 0.00%  0.00%
Layers 1.8 0.02 039 0.06 0.00%  7.60%  0.00%  9153%  0.87%  0.00%  0.00%
Broilers 18 0.01  0.36 0.02 0.00%  0.87%  0.00%  98.13%  1.00%  0.00%  0.00%
Turkeys 6.8 007 036 0.12 0.00%  0.00%  0.00%  98.13%  187%  0.00%  0.00%
Ducks 27 0.02 036 0.04 0.00%  0.87%  0.00%  93.13%  500%  0.00%  1.00%
Rabbits 16 0.0 032 0.8 0.00%  0.00%  0.00%  100.00% 0.00%  0.00%  0.00%

CS - country specific

5.3.1.3.  Uncertainties and timseries consistency

Uncertainty estimate associated with activity data amounts to minimal £1% and maximum of +36%,
based on expert judgement. The expert judgement used for the uncertainty of the AD is based on the
authority and information of the AD source (CBS source, FAOQ a@iler data), observing annual
variation in AD and of periodic revisions of the AD. Uncertainty estimate associated with emission
factors amounts to minimal £15% and maximum of £40%, based on expert judgements.
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5.3.1.4.  Categoryspecific QA/QC and verification

During the preparation of inventory submission, activity data regarding animal population for the entire
time series were checked and revised if found necessary. Therefore, activities related to quality control
were focused on completeness and consisteh@mission estimates and also on the proper use of
notation keys in th€RTtables. After a final draft of this chapter was prepared, an audit was carried out
to check selected activities from Tier 1 General inventory level QC procedures which revatateaksth

of the activities were correctly carried out, during inventory preparation, despite the fact that formal QC
procedures were not prepared.

5.3.1.5. Categoryspecific recalculations

In accordance with the recommendations of the TERT-8BR20240001:3B Manure management,

CH , 120299 arecalculation of the entire historical time series for the periodi 2023 was

carried out. This required revisions to the emission factors for liquid systems and anaerobic lagoons.
The impact of these recalculations on total emissions from soutegoca 3.B.1, compared to the
previous submission, is presented in TableX.3

Table 5.32: Emission difference dERT 3.B.1 source due to the recalculations

kt COz-eq -6844 -7020 -5511 -59,76 -6123 -5757 -5877 -5977 -6107 -6900 -6620 -6977
% -16,70 | -16,76 -1646 -16,79 -1698 -1670 -1696 -1704 -1716 -1765 -1741 -17,66

kt COz-eq -7288 -7956 -8910 -8146 -9591 -9197 -8325 -91,71 -9677 -9584 -9338
% -1787 -1808 -1901 -1828 -1903 -1889 -1858 -1897 -1928 -1972 -1967

kt CO.-eq -8883 -9029 -9205 -8895 -8421 -7576 -7203 -6700 -6624 -6253 -7285
% -19,75  -2004 -2030 -1997  -1958 -1891 -1847 -1829 -1844 -1844 -2170

5.3.1.6. Categoryspecific planned improvement
Planned improvements assumed to be-teith or longterm goals (over 1 year) are:

- Planned improvements for the Enteric Fermentation source (regarding AD) will also improve
emissions calculation from Manure management sector. Please refer to chapter 5.2.6 for the
planned improvements for Enteric Fermentation.

5.3.2. Manure managementN2O emissions (CRT 3.B.2.)
5.3.2.1. Category description

There are two emission pathways of nitrous oxid€®(N\as a result of manure management. Dire€@ N
emissions via combined nitrification and denitrification of nitrogen contained in the manure, dependant
on storage and treatment types and methods. Emissions of nitrous ox@jerfvn all animal waste
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management systems are estimated. A considerable amount of nitrous oxide evolves during storage of
animal waste and is attributed to livestock breeding. This includes emissions from anaerobic lagoons,
liquid systems, solid storage, dry lot and other systeéBecond pathway is indirect emission from
volatile nitrogen losses that occur in the forms of ammonia and NOXx, and losses through runoff and
leaching into soils. Nitrous oxide §8) emissions from Manure management for the period from 1990

to 2024 are pesented in Figure 53

Figure 5.32: N2O Emissions from Manure management

1,20
1,00 -{p—
0,80 | |
Q
~N
Z
Z 0,60 H{HHHF A -
4
0,40 - HHHHAFHAHAHF
GPARIEEEEEREEE EEE SN
0,00 -
O d N M T WO O~V A ANM I ON~N0VDHDO A NMSTLWW OO dNMS
DO OO0 0000000 o d d d o o o o d d NN N NN
DO 0000 000000 00000000000 00000 OO0
o A A A A A NN NN NN NNNANNNNNNNNNNNNNNNN

E#DPUI EQw- 6. wi OPUVUEIQ@®EDUI EQw- 6. wi 6PUUDPOGO

5.3.2.2.  Methodological issues

Direct N,O Emissions from Manure Management

Activity data regarding livestock population are the same as for the calculation, @h@ssion from

Enteric fermentation and Manure management. The 2006 IPCC methodology (Tier 1) with some
national specific data (presented in Table-B.3as been us®&d Emissions were calculated using
equation 10.25 (2006 IPCC Guidelines). Default values for N excretion rates for all animal categories
were used (Table 10.19 of 2006 IPCC Guidelines). Default TAM (typical animal values) were used for
all livestock otherhan cattle. Countrgpecific data used was typical animal mass for cattle categories
and percentages of all livestock categories managed in each manure management system-{Table 5.3
for the last inventory year), except for rabbits for which a 100% swlidge was assumed.

Countryspecific approach was developed with the assistance of experts from the Faculty of Agriculture,
University of Zagreb for key years and then interpolated for the time periods between key years. More
detailed information about this improvement carfbe u n d i n Expdrtdasis forintbroverBent

of the calculation of greenhouse gas emissions from sector 3. Agriculture for the purposes of
devel opement a national inventory of greenhouse

20 See Chapter 5.3.2.6 for details on planned improvement.



Indirect N O Emissions from Manure Management

Tier 1 methodology (Equation 10.26, 2006 IPCC Guidelines) has been used. Volatized N in forms of
NHs; and NOx was calculated for each manure management systems from all livestock categories,
summing all N losses. Final.8 emissions were the estimated using Equation 10.27 (2006 IPCC
guidelines), using default emission factors (Table 11.3, 2006 IPCC Guidelines).

For indirect NO emissions associated with leaching andafinPCC Tier 2 approach was followed
(Equation 10.28 of the 2006 IPCC Guidelines, volume 4, chapter 10). Parameters used are: total N
excreted by livestock (kg heddr-1), the fraction of total annual nitrogercretion for each livestock
category managed in each manure management systemgsHWt8cemission factor, which is the
percent of managed manure nitrogen losses due to leaching and runoff during solid and liquid storage of
manure (see dble 5.27) and emission factor 0.0075 k@NN per kg N leaching/runoff (IPCC, 2006).

The requirements regarding handling application of organic manure, size and water tightness of animal
manure stores with the goal of reducing impact on water bodies in sensitive areas were published in 1992
and laer upgraded many times throught different laws and Good Practice Guidance and policies, up to
current Decree on the protection of waters against pollution caused by nitrates from agricultural sources.
For this rason, the selected value for Fracleach used in emission estimate is 1% (the lower bound from
the typical range-20% as recommended by IPCC, 2006).

5.3.2.3. Uncertainties and timseries consistency

Uncertainty estimate associated with livestock activity data amounts to minimal £1% and maximum of
+36%, based on expert judgement. The expert judgement used for the uncertainty of the AD is based on
the authority and information of the AD source (CBS seuFAO and other data), observing annual
variation in AD and of periodic revisions of the AD. Uncertainty estimate associated with emission
factors amounts to minimal £15% and maximum of +40%, based on expert judgements.

Uncertainty of emission factors is within the rang@% to +153%. Uncertainty of EF for indirect
emissions is within the range +400%.

5.3.2.4. Categoryspecific QA/QC and verification

During the preparation of inventory submission, activity data regarding animal population for the entire
time series were checked and revised if found necessary. Therefore, activities related to quality control
were focused on completeness and consisteh@mission estimates and also on the proper use of
notation keys in th€RT tables. After a final draft of this chapter was prepared, an audit was carried out
to check selected activities from Tier 1 General inventory level QC procedures which revaiateolsth

of the activities were correctly carried out, during inventory preparation, despite the fact that formal QC
procedures were not prepared.

5.3.2.5. Categoryspecific recalculations

TERT determined that excessively high emission factors for poultry had been used in previous
calculations. In accordance with the TERT recommendation-3BH0250004: 3B Manure
manage me nti2028, th®emisdidh 8ator for poultry was revised and now amounts to 0.001.
Consequently, emissions from source 3.B.2 were recalculated for the entire time seii@®23nd

the impact of this recalculation on total emissions, compared to the latesssiaomis presented in
Table 5.33.
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Table 5.33: Emission difference dERT 3.B.2 source due to the recalculations

kt COz-eq -1626  -1566 -1231 -1195 -11,78 -1119 -1015 -1017 -918 @ -1028 -1033 -1090
% -11,86 | -1200  -1205 -1200 -1255 -1283 -1250 -1292  -1224 -1342 -1421 -1517

kt COz-eq -1067  -1063 -1069 -994 -993 -1015 -984 -1024 -921 -858 @ -8,89
% -1524 | -1512  -1549 -1557 -1588 -1754 -1820 -1910 -1816 -1829 -1933

kt COz-eq -808 -862 -867 -857 | -882  -918 -1008 -1020 -960 @ -7,41 @ -853
% -1902 | -1997  -2080  -21,22 -2214 -2485 -2687 -2762 -27,62 -2233 -2644

5.3.2.6.  Categoryspecific planned improvement
Planned improvements assumed to be-teith or longterm goals (over 1 year) are:

- Planned improvements for the Enteric Fermentation source (regarding AD) will also improve
emissions calculation from Manure management sector. Please refer to chapter 5.2.6 for the
planned improvements for Enteric Fermentation.

5.4.Rice cultivation CRT 3.C.)
5.4.1. Category description

Anaerobic decomposition of organic material in flooded rice fields produces metharewhich
escapes into the atmosphere by diffusive transport through the plants during the growing season. Rice
cultivation does not occur in Croatia, so there is no possible emissions from this source.

5.5. Agricultural soils CRT 3.D.)

A number of agricultural activities add nitrogen to soils, thereby increasing the amount of nitrogen
available for nitrification and denitrification, and ultimately the amount 6§ Bmitted.

CHas emissions from 3.D source were hot calculated since the estimation method for this source category
were not developed and no default EF for tier method was provided by the 2006 IPCC Guidelines.

Usage of synthetic and organic fertilisers, deposited manure, crop residues, sewage sludge,
mineralisation of N in soil organic matter due to management of organic soils, etc. Two sources of
nitrous oxide emissions are distinguished:

1 Direct NO Emissions from Managed SoilSRT 3.D.1.)
1 Indirect NO Emissions from Managed SoilSRT 3.D.2.)

Direct NbO emissions are estimated separately from indirect emission, though both use the same set of
activity data. Emissions of nitrous oxide>(® from Agricultural soils for the period from 1990 to 202



are presented in Figure 515Emissions decreased after 1990 and during the war due to specific national
circumstances and limited agricultural practice at that time. Afterwards, the emission trend is mostly
influenced by the changes in the direct soilssions. In 1997, 2001 and in particular 2008 direct soil
emissions increased due to the increase in mineral fertilizer consumption and also due to the increase in
crop production. In the period from 26@008, emission increased in comparison to 2003 tdue
increases in mineral fertilizer consumption, number of animals and crop production. Emissions for the
years 2009 and 2010 decline sharply, mostly related to economic recession and a major decrease in the
consumption of mineral fertilizers, while the ye2011 shows an increase again, due to increase in
mineral fertilizer consumption. Data for the years 2012016 again show a decline in their
consumption, with an atime low in 2014. For the period 202021, the consumption of mineral
fertilizers is onsistent with a slight upward trend, followed by a significant decrease in 2022 and 2023.

In 2024, there will be a slight increase in mineral fertilizers.

Figure 5.51: Total NO emissions from Agricultural soils
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5.5.1. Direct NbO Emission from Managed Soil€RT 3.D.1.)
5.5.1.1.  Category description

Direct NbO emissions from agricultural soils include the total amount of nitrogen applied to soils through
humaninduced N additions and/or change od practices. Specific N sources estimated are as follows:

Inorganic N Fertilizers (3.D.1.1)

Organic N Fertilizers (3.D.1.2)

Animal Manure applied to Soils (3.D.1.2.a.)

Sewage Sludge applied to Soils (3.D.1.2.b.)

Urine and Dung deposited by Grazing Animals (3.D.1.3)

Crop Residues (3.D.1.4)

Mineralization/Immobilization Associated with Loss/Gain of Soil Organic Content (3.D.1.5)
Cultivation of Organic Soils (3.D.1.6)

= =4 -4 -4 A -8 -2 -2
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Direct Emissions of D from Managed Soils for the period from 1990 to4£8& shown in Figure 5.5
2.

Figure 5.52: Direct NO emissions from Agricultural soils
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5.5.1.2. Methodological issues

In order to calculate emission from Agricultural Soils, the IPCC methodology (Tier 1) has been used.
Emission factors were taken from the 2006 IPCC Guidelines.

Inorganic N Fertilizers (3.D.1.1)

This estimate is based on the amount of N in mineral fertiliser that is annually consumed in the Republic
of Croatia and on the AMineral fertiliser consun
CBS.

1 Data on the consumption of mineral fertilisers that are produced and applied in Croatia were
obtained from companies that produce synthetic fertilizers for the time periodl299%ince
CBS has no data on N applied from mineral fertilizers before tleegariod before 2000 (Table
5.5-1). Data on mineral fertilizers produced and applied in Croatia in 1990 and 1991 have been
estimated by extrapolation method using the pattern from 1992 to 1999.

¢ AMi ner al fertiliser consumpti on, NUTS O, in t
from the year 2000 (Table 5%, with peak consumption in 2008.

1 Minor discrepancies comparing the AD 2682816 on the consumption of mineral fertilisers
and CBS datased were identified, contributed to slight differenced in the methodological
approach. CBS data is considered to be national official data (submitterb&ieEu
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Figure 5.53: N from mineral fertilizers applied to soils
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Table 5.51: Nitrogen from applied inorganic fertilizers in the period 39999

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

31,376.02
31,957.26
41,093.64
32,705.54
29,839.28
29,038.88
32,894.14
42,897.76
27,755.94
31,669.16

39,030.12
38,643.46
43,521.03
27,743.58
36,707.85
35,701.02
34,644.78
43,609.05
38,790.63
34,221.42

36,285.99
37,441.72
39,921.42
29,856.30
29,814.55
28,395.91
30,768.66
35,924.21
28,358.87
39,495.69

721.27
672.22
282.41
1,053.58
549.07
279.73
81.74
920.92
341.03
235.17

Table 5.52: Nitrogen from applied inorganic fertilizers in the period 2004

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

118,005
128,343
120,469
113,621
117,578
121,309
123,874
130,448
170,152
90,793

109,345
125,015
106,884
77,920

73,680

87,428

2010

2012

2014

NO

NO
NO
NO
NO
NO
NO
NO
NO
NO

2016

2018

2020
2022
2024

107,413.40
108,714.66
124,818.50
91,358.99
96,910.74
93,415.53
98,389.32
123,351.94
95,246.47
105,621.44
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2016 72,320
2017 98,412
2018 99,420
2019 97,520
2020 98,964
2021 102,190
2022 88,431
2023 86,849
2024 90,886

Over the years, the consumption of mineral fertilizers fluctuates depending on the prices of the
agricultural products. The consumption refers to the amounts produced and sold within the country and
imported amounts. Regarding the domestic productiondoredgtic consumption, low consumption in

1993 is recorded due to the war which obstructed the agricultural practice around the country while in
2009 it was caused by the drastic decrease of prices related to agricultural products. Only calcium
ammonium nitate (KAN) stayed at the same level (being the cheapest fertilizer). The consumption trend
of this type of mineral fertilizer is decreasing in the period from 1839 although from 2000 onwards

is almost stationary. As for urea, its consumption increfieed 19982008, then started fluctuating but

on an overall higher level. NPK has the highest decreasing trend in the period fre202d0®hich is

a reflection of the economic position of agricultural producers. Recent drop of NPK usage is in
correlationwith the overall state of economic recession. The consumption of mineral fertilizers peaked
in 2008 (which correlates with high maize production that year) and was characterized by high prices of
agricultural products. The imported amounts were the highm@8i04 because at that time the fertilizer
prices decreased in the region while the lowest imported amounts were recorded for 2008. The sharp
decreasafter 2022s due to lowered agricultural production.

Organic N Fertilizers (3.D.1.2)

Estimated amounts of organic N inputs applied to soils other than grazing animals was calculated using
Equation 11.3 from 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Applied animal
manure and sewage sludge were accounted for.

Animal Manure applied to Soils (3.D.1.2.a.)

The estimate is based on the amount of N in solid and liquid manure/slurry which is annually used for
crop fertilization, calculated using the Equation 11.4 from the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. In the Republic of Croatémure is not used as fuel, feed or for
construction, so adjustment of the annual amount of animal manure in regards to these fractions was not
necessary.

Sewage Sludge applied to Soils (3.D.1.2.b.)

Sufficient activity data was provided for the period 2@0%24, while for the period 1992004 data was

not provided or could not be estimated. Current AD set is limited to data provided by proxatedgl
companies to thd¢EPGT. Data source is the yearly publication "Wastewater purification sludge
management for the sludge used in agricultulEPGT which contains AD (tonnes applied) and
average composition of the sludge and that the report on the sludge used is required for all
producers/users of the afe ment i oned sl udge according to the

A

sludge management for the sludge used in agricu

Croatia. The resulting sludge is the result of their production process, énessimo driver that can be



used to obtain relevant data prior to the initial year of operation. Spreading of discharge on agricultural
land is not a practice in Croatia. Release of septic tanks is controlled by Croatian legislative regulations
(Awater | awif, Of épubticiofldroatia 66718, 84/2&, 4W2Bautholhized mRnicipal

and transport companies collect and release the content from domestic septic tanks into the public
sewage system at permitted locations.

Table 5.53: Amount of sludge and nitrogen percentage applied

2005 3 3.89%
2006 6 3.89%
2007 7 3.89%
2008 16 3.89%
2009 459 3.89%
2010 434 3.89%
2011 683 3.89%
2012 956 3.89%
2013 1567 3.89%
2014 920 3.89%
2015 1321 3.89%
2016 1555 3.89%
2017 1290 3.89%
2018 1711 3.89%
2019 624 3.89%
2020 629 3.89%
2021 698 3.89%
2022 872 3.89%
2023 147 3.89%
2024 239 3.89%

Other Organic Fertilizers Applied to Soils (3.D.1.2.c.)

Activity data for this category is not available for now. It is assumed that emissions from this subsector
are negligibly small. Total §0 emission from the entire Waste sector contributes to the total emissions
with 0.4% and only a small percent can be applied to soils. Therefore, it is concluded that emissions are
below national threshold of significance.

During the initial ESD 2021 review, it was requested to provide an example emission estimate in this
NID for one year using the IPCC default emission factors and assuming (with overestimation) that all
waste composted was applied to soils. Example for the year 2019 follows:

The sectoral chapter for waste category 5.B.1 (composting) explains that AD and emission fagtors (CH

and NO) expressed on a dry weight basis have been includé®&intable andNID report. Data on

different types of composted waste were obtained in wet weight. Due to the lack of information on the
moisture content of composted waste, estimation of dry waste is performed according to the
recommendation from 2006 IPCC Guidelines, Ghapr 4 . 1 . 3 The dmis&idn éactod forldry A

waste are estimatedfro t hose f or wet waste assumi nglntse moi st L
table 7.31, total composted waste for 2019 is given as dry matter and equals to 19,844 tonnes. Converted
back to fresh matter (wet waste), this amounts to total of 49,610 tonnes waste (the obtained AD).
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Using the default value of 0.0068 for N content of fresh matter (wet waste) in municipal waste (table
3.4 from EMEP/EEA air pollutant emission inventory guidebook 2019), defaulit&ife 11.1 of 2006

IPCC Guidelines for National Greenhouse Gas Inventories) and adjuste®Dtérdih NoO-N this
amounts to 0.0053 ktd (see the equations below), which is under the threshold of significance:

Mine P n ooyt QG
NMQ 00 pnm 11 ¢Y TEITLUAED O

0 WQO0 wWi 09
0¢g0 0

Urine and Dung deposited by Grazing Animals (3.D.1.3)

Annual amount of N input deposited on pasture, range and paddock soils by grazing animals. Equation
11.5 from 2006 IPCC Guidelines for National Greenhouse Gas Inventories was used for the estimation
calculation. Data on N deposited was obtained from thecbNO emission from Manure Management

(see Chapter 5.3.2.2 for details) using couspwcific data on nitrogen excretion rates for each livestock
species. Emissions of:@ follow the trend of livestock number and are being shown in Figué4.5.5

Figure 5.54: N2O emissions due to urine and dung deposited by grazing animals
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Crop Residues (3.D.1.4)

Tier 1 method using Equation 11.6 from 2006 IPCC Guidelines for National Greenhouse Gas
Inventories was used in calculation of nitrous oxide emission from crop residues. The estimate is based
on the amount of crop residues includingifing crops returnedo soils annually. The data on crop
production were obtained from the Central Bureau of Statistics, FAO database and for certain years by
extrapolation (see Table 54). National data (provided by Croatian CBS) are considered to be the most
accurate soge and was always used when available. For crops where national data was not available,
FAO data was used. Where only a part of the national dataset was missing for a specific crop, trend of
FAO data was found to be in line with the national data trerdisvas used for the missing years rather

than interpolation. Extrapolation was used only where no national or FAO data was available. As for
additional uses of crop residues, in Croatia alfalfa and clover are used as fodder. Field burning of crop




residues is prohibited by law; therefore fraction of crop residue burnt is set as NO. Activity data related
to crop production and harvest data is presented in Tabk 5.5

Table 5.54: Data sources regarding crop production

Soyabeans 1990204 1990204

Beans, dry 19902024 19902024

Cow peas, dry 20082024 19922007 19901991 19981999 19921997 19901991

20082024 20002007

Lentils 19901991, 19922019 19901998, 19992019
20202024 20202024

Peas, dry 19902024 19902024

Vetches 19901997, 19982019 19901997, 19982019
20202024 20202024

Clover 19902024 19902024

Alfalfa 19902024 19902024

Wheat 19902024 19902024

Maize 19902024 1990204

Potatoes 19902024 19902024

Sugar beets 1990204 1990204

Tobacco 19902024 19902024

Sunflowers 19902024 19902024

Rapeseed 19902024 19902024

Tomatoes 19902024 19902024

Barley 19902024 19902024

Oats 19902024 19902024

Cabbages and othe 19902024 19902024

brassicas

Garlic** 19902024 19902024

Onions** 19902024 19902024

Rye 20142024 19922013 19901991 20142024 19922013 19901991

Sorghum*** 19901997, 19982019 19901997, 19982019
20202024 20202024

Watermelons 19902024 19902024

*Extrapolation was based on data for the period of 5 consecutive years.

*CBS provides aggregated data for garlic & onions.
FAO data was used to calculate yearly ratios of garlic and onions in the total, aggregated number.

***CBS did not obtain sorghum production data from 1997 to 2012
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Table 5.55: Production and harvest data for crops in the period from (L2924

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

1,602,435
1,495,625
658,019
886,921
750,330
876,507
741,235
833,508
1,020,045
568,217
865,260
811,674
822,650
506,212
801,424
601,748
804,601
812,347
858,333
936,076
681,017
782,499
999,681
998,940
648,917
758,638
960,081
682,322
738,363
789,950
849,656
961,940
947,615
821,526
815,051

318,955
324,460
168,865
211,845
198,381
227,044
200,852
208,377
241,734
169,280
182,333
184,274
179,153
157,175
162,634
146,253
175,551
175,045
156,536
180,376
168,507
149,797
186,949
204,506
156,139
140,986
168,029
116,151
135,708
141,602
145,053
143,535
157,864
171,231
139,623

1,951,066
2,388,555
1,358,084
1,672,593
1,686,992
1,735,854
1,885,515
2,183,144
1,982,545
2,135,452
1,190,238
1,733,003
1,956,418
1,279,617
1,931,627
2,206,729
1,934,517
1,424,599
2,504,940
2,182,521
2,067,815
1,733,664
1,297,590
1,874,372
2,046,966
1,709,152
2,154,470
1,559,638
2,147,275
2,298,316
2,430,598
2,242,119
1,641,893
1,991,265
2,067,098

503,342
488,178
370,205
373,166
370,517
354,059
360,824
370,986
377,536
383,925
292,431
305,867
306,805
304,722
306,347
318,973
296,195
288,549
314,062
296,910
296,768
305,130
299,161
288,365
252,567
263,970
252,072
247,119
235,352
255,887
288,398
287,976
268,054
269,092
273,160

610,236
658,687
480,079
507,898
563,285
692,216
666,020
620,032
664,753
728,646
198,243
242,709
266,055
164,051
247,057
273,409
274,529
296,302
255,554
270,251
178,611
167,524
151,278
162,501
160,847
171,179
193,962
156,089
182,261
173,149
174,279
127,826
103,400
126,281
133,862

77,016
78,510
60,758
64,754
66,356
66,458
65,537
63,189
64,931
66,374
17,237
17,435
17,222
16,919
16,043
18,903
16,759
17,355
15,000
14,000
10,950
10,881
10,232
10,234
10,310
10,047
9,866

9,833

9,272

9,387

9,325

8,786

7,368

7,230

7,447

1,205,928
1,244,439
525,105
537,196
591,819
690,707
906,246
931,186
1,233,322
1,113,969
482,211
964,880
1,183,445
677,569
1,260,444
1,337,750
1,559,737
1,582,606
1,269,536
1,217,041
1,249,151
1,168,015
919,230
1,050,715
1,392,000
756,509
1,169,622
1,295,459
776,491
708,575
774,331
707,000
572,186
499,911
471,448

29,872
28,568
16,537
14,717
16,043
18,804
20,896
22,919
29,287
27,847
20,985
23,757
25,149
27,327
26,503
29,370
31,881
34,316
22,000
23,066
23,832
21,723
23,502
20,245
21,900
13,883
15,493
19,533
14,066
11,583
10,458
10,066
8,889

8,010

8,957

12,394
10,460
11,651
9,585
8,613
8,548
11,272
11,339
12,133
10,051
9,714
10,502
10,905
9,680
10,293
9,579
10,851
12,639
12,866
13,348
8,491
10,643
11,787
9,834
9,164
10,132
8,977
9,413
7,561
7,878
7,084
7,384
6,303
4,154
6,182

10,105
9,300
8,377
7,635
6,659
6,798
7,735
7,274
7,445
6,490
5,678
5,500
5,489
5,748
5,394
5,131
4,940
6,005
5,897
6,062
4,119
5,905
5,958
5172
5,196
4,752
4,413
4,563
3,834
3,940
3,420
3,488
3,036
2,283
2,814

52,995
46,455
40,414
42,724
26,547
37,066
28,526
36,138
62,206
72,374
53,956
42,985
62,965
69,253
68,973
78,006
81,614
54,303
119,872
82,098
61,789
84,960
90,019
130,576
99,489
94,075
110,566
115,880
110,790
106,555
120,016
124,363
152,894
157,621
180,589

20,971
18,773
18,153
17,564
17,871
19,385
18,849
16,946
28,642
41,996
25,715
25,336
26,835
28,211
28,328
49,769
35,308
20,615
38,631
27,366
26,412
30,041
33,534
40,805
34,869
34,494
40,254
37,152
37,128
35,982
39,001
40,969
51,112
59,895
60,812

33,200
22,816
24,183
28,665
28,341
24,472
11,661
11,181
21,967
32,581
29,436
22,456
25,585
28,596
31,392
41,275
19,996
39,330
62,942
80,424
33,047
49,483
26,406
47,827
71,228
56,783
112,990
135,810
155,842
103,900
119,667
73,423
58,067
43,049
53,091

12,647
9,004

11,743
13,010
13,889
10,982
7,651

5,356

8,949

16,234
12,886
10,319
13,041
15,524
14,282
20,149
8,413

13,069
22,372
28,723
16,339
17,536
9,893

17,972
23,122
21,977
36,778
48,616
55,032
41,361
41,661
30,281
22,402
15,210
17,967

54,742
48,601
35,262
39,771
46,276
46,958
49,019
48,085
62,003
70,816
15,530
16,721
15,437
12,320
15,191
18,731
16,507
30,779
17,327
22,082
22,279
23,585
18,438
26,026
19,374
36,273
24,571
32,456
22,642
22,018
33,369
18,785
25,843
22,396
40,124

5,801
5,703
4,318
4,784
4,959
4,778
4,901
5,141
5,765
6,408
477
499
472
481
461
659
461
920
689
690
499
595
448
583
319
423
370
451
491
321
404
292
348
440
674



Table 5.55: Production and harvest data for crops in the period from 112924 (cont.)

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

196,554
185,695
106,811
125,671
107,810
103,281
88,091

108,496
143,510
124,890
179,652
192,067
206,478
160,203
237,603
162,530
215,262
225,265
279,106
243,609
172,359
193,961
235,778
201,339
175,592
193,451
263,165
260,426
227,520
275,397
321,776
306,209
318,202
290,040
297,928

51,565
51,643
32,873
36,605
36,225
32,518
31,034
33,759
42,737
44,517
55,511
61,267
61,165
65,001
67,538
50,341
59,159
59,000
65,536
59,584
52,524
48,318
56,905
53,796
46,160
43,700
56,483
53,950
50,988
53,662
66,329
56,478
63,067
72,627
60,205

62,287
53,851
45,262
41,074
42,425
38,237
39,529
46,796
56,110
56,823
61,604
71,632
74,187
53,025
73,462
49,470
66,630
56,150
65,328
62,297
48,190
77,223
94,542
60,178
56,555
71,743
80,414
68,333
44,827
57,585
65,345
58,840
47,973
33,714
54,305

25,495
23,425
17,582
17,204
18,493
15,763
16,290
18,142
21,669
24,124
26,042
26,103
24,484
25,300
23,457
21,185
24,914
27,967
19,873
20,901
19,280
25,344
28,514
21,656
21,146
23,462
26,572
23,139
15,885
18,499
19,397
17,063
15,925
13,147
16,754

122,045
116,540
68,422
79,828
95,791
116,879
122,635
134,323
129,674
144,018
27,351
25,777
29,770
27,368
26,310
40,525
42,193
32,477
43,492
59,208
33,839
34,963
21,106
35,033
24,703
38,413
37,315
34,872
38,766
34,280
38,533
31,380
28,484
30,969
26,011

10,174
10,445
7,745
8,559
8,788
8,858
8,767
9,011
9,247
9,701
1,390
1,230
1,397
1,281
1,225
1,826
1,628
1,856
3,084
3,123
1,571
1,806
1,187
1,723
850
1,484
1,492
1,994
1,816
1,668
1,565
1,347
1,370
1,303
1,287

12,214
11,095
6,744
7,345
9,346
9,384
8,820
9,002
10,624
10,277
1,468
2,034
1,889
1,572
1,864
2,379
2,770
3,390
3,725
3,680
3,198
2,728
3,287
3,621
4,272
4,634
1,297
1,172
1,733
2,883
1,972
2,870
973
1,429
737

3,647
3,546
2,304
2,439
2,543
2,419
2,474
2,460
2,651
2,670
187
210
193
193
360
596
619
786
958
708
600
687
543
768
548
234
245
235
405
412
266
265
215
244
193

39,925
37,864
28,717
31,081
40,896
43,010
39,421
43,776
51,662
55,633
8,145

11,929
11,298
9,276

11,309
14,033
16,392
20,084
22,349
21,879
19,594
19,569
19,646
20,478
24,160
26,204
25,093
15,048
21,098
18,266
16,351
16,174
12,484
16,091
14,879

7,000
7,100
5,082
5,417
5,955
5,842
5,852
6,033
6,565
6,797
656
764
699
690
448
484
432
391
477
352
239
562
301
612
436
940
906
800
800
789
607
649
594
659
734

15,840
14,069
6,069
6,273
7,146
5,051
5,517
5,009
5,530
6,246
7,236
10,796
9,207
5,967
8,994
4,737
5,487
4,364
4,079
2,860
2,507
2,949
2,426
2,955
2,800
3,356
4,646
2,566
4,100
4,100
4,367
2,082
2,865
5,083
2,123

3,053
2,974
2,252
2,453
2,963
1,930
2,043
1,959
2,146
2,446
2,738
2,981
3,244
2,960
2,869
1,848
2,008
1,731
1,367
998

1,035
871

846

1,019
1,373
1,093
1,285
774

1,292
1,292
1,058
511

820

1,738
686

17
1,401
17

31

23

18

18

12
546
569
565
572
554
697
624
600
800
1,200
760
1,130
1,000
1,280
1,372
989

136
206
114
152
152
244
121
36

157
65

176
146
140
147
136
133
12

128
130
139
141
153
150
180
189
200
300
400
217
455
390
400
384
197

34
58
36
46
46
80
42
24
43
19

20,938
17,941
8,062

8,014

16,045
21,384
26,901
25,450
60,243
53,437
24,044
24,044
26,417
15,183
22,411
27,191
25,593
26,017
33,643
42,280
21,679
19,902
20,226
30,327
25,598
15,771
19,908
19,707
27,737
20,297
15,594
21,476
23,819
26,463
29,130

1,898
2,119
682
767
1,141
1,382
1,867
1,847
2,599
2,890
929
971
1,038
933
865
923
966
1,171
1,393
1,556
849
727
685
818
791
608
682
683
968
665
530
720

922
1,007
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Table 5.55: Production and harvest data for crops in the period from L2924 (cont.)

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

55,461
56,365
46,129
49,456
44,127
34,319
35,896
39,469
77,458
115,853
65,299
91,841
129,470
82,591
97,923
119,602
174,214
90,637
107,558
115,159
153,580
147,271
96,718
111,316
131,424
196,431
244,075
207,765
245,188
244,279
266,014
227,872
194,771
213,022
255,076

27,260
22,840
26,220
21,424
20,435
15,018
16,423
16,030
34,015
46,336
47,484
41,621
47,897
49,860
36,979
48,211
62,810
46,506
35,789
44,292
56,456
58,896
54,109
47,156
47,104
88,867
78,614
85,133
77,087
78,334
86,185
86,259
90,669
76,686
102,987

18,437
21,949
15,961
17,588
20,596
21,844
20,221
20,527
21,003
22,291
2,657
4,421
5,163
4,967
4,459
6,041
4,058
2,503
3,263
2,460
1,641
1,059
472
1,480
1,329
1,156
1,461
1,340
1,737
1,381
1,325
1,061
814
1,193
821

8,132
8,921
5,980
6,514
6,958
6,733
6,975
7,521
5,946
6,581
7,470
7,149
7,104
6,826
6,137
6,477
6,367
4,451
2,147
1,947
1,276
1,232
788

1,097
1,483
1,475
1,574
1,539
1,403
1,113
984

1,195
930

1,039
930

1,790
1,521
895
1,651
441
400
669
683
670
400
591
400
400
400
400
647
400
400
1,149
1,468
1,197
1,939
1,863
1,378
1,413
1,346
3,985
2,347
2,223
2,870
1,629
2,331
1,163
1,358
989

153
149
186
270
120
100
166
171
234
501
153
100
100
100
100
174
100
100
371
656
577
614
798
721
678
600
1543
938
915
1181
602
792
598
1278
647

202
164
205
155
167
92
123
135
143
129
124
130
117
113
110
113
140
100
41
74
29
82
22
80
83
60
50
46
52
52

O O oo

115
114
92
78
86
78
89
89
90
81
78
83
75
72
71
72
100
64
41
41
16
56
11
44
29
27
25
22
25

O O oo

1,000
987
812
339
400
853
611
577
746
824
913
1,930
2,082
1,155
1,859
893
715
670
870
955
340
696
404
189
579
194
246
142
314
499
170
319
279
15
502

3,402
3,174
2,597
2,738
2,899
2,915
2,787
3,041
562
660
555
778
872
889
813
447
326
374
351
372
221
252
139
154
219
94

71

71
147
143
130
68

76

12
155

3,457
3,190
2,125
2,160
2,509
2,210
2,386
1,921
2,396
2,400
2,400
2,300
2,268
2,295
2,299
2,340
2,400
2,300
2,071
2,000
2,098
1,700

o

OO0 00000000000

225,466
226,546
129,747
136,012
155,087
143,910
165,973
157,559
158,516
167,266
100,179
115,709
131,103
51,890
124,813
125,460
121,411
111,675
176,089
147,763
119,969
105,075
83,817
82,844
70,873
82,992
67,853
24,861
67,946
50,833
60,049
46,986
35,849
49,931
40,782

54,785
52,902
35,665
36,733
36,595
35,047
36,632
35,640
36,396
36,424
21,198
20,621
20,470
20,604
19,921
19,779
19,134
20,948
24,683
23,347
20,472
21,176
20,270
16,783
10,497
9,549

9,920

5,326

10,223
8,437

9,332

8,425

6,793

7,288

7,690

252,563
251,486
142,613
137,225
162,457
158,557
188,462
179,669
201,778
223,387
85,575

98,305

107,815
72,056

103,555
147,272
162,694
137,291
196,244
174,274
177,652
153,240
124,055
177,857
128,702
112,876
191,540
187,917
186,490
193,318
201,460
179,680
181,890
202,648
166,179

56,801
57,323
36,769
36,554
37,519
37,350
40,464
39,428
41,759
42,939
17,238
18,162
17,279
17,186
16,712
25,411
26,282
23,959
25,265
26,544
27,207
25,126
24,803
25,694
22,116
18,386
23,559
26,057
24,248
29,006
26,337
28,128
27,140
27,142
25,124



By comparing all trends, the highest fluctuations can be noticed in regard to dry cowpeas, dry peas and
soybeans. Production of dry cowpeas and dry peas is obtained from several different sources which
resulted in the aforementioned trend fluctuation. ¥@800 and 2003 were very hot and dry which had

a negative effect on soybeans production along with the changes in the seed market. Related fluctuations
between 2006 and 2007 are caused by changes in harvested area and yield per hectare. Soybeans
productian increased from 2014 onwards, with a peak production figures in 2016. Higher fluctuations

in trend have also been noticed for sunflower, tomato and rapeseed. The latter is primarily caused by
changes in harvested area and in some cases changes in yledtpes. Highest production year for

maize was in 2008, which also correlates with the mineral fertilizer consumption trend.

Default crop specific factors were used from Table 11.2 of 2006 IPCC Guidelines for the emission
calculation, except for dry matter fraction where a combination of sources were used, as presented in
the Table 5.%. Slovenian, Portuguese and HungaNdiD s were selected as a source for the dry matter
fraction values due to the similarities and comparability of growing conditions for the selected crops for
which national dry matter fraction datAn@or, D are not available. Dry matter fraction needed to be
incorporated so that adjustments for moisture contents could be made.

Table 5.56: Dry matter fraction for crops

Soybeans 0.86

Beans, dry 0.895

Cowpeas, dry 0.85

Lentils 0.85

Peas, dry 0.87

Vetches 0.85 GPG default values
Clover 0.85 Expert judgement (Faculty of Agricultur:
Alfalia 0.85 - Values from SloveniahlID
Wheat 0.86

Maize 0.86 Values from Portugues¢iD
Potatoes 0.30 Values from HungariaNID
Sugar beets 0.25

Tobacco 0.89

Sunflowers 0.92

Rapeseed 0.90

Tomatoes 0.063

Barley 0.86

Oats 0.92

Cabbages and other brassic 0.135

Garlic 0.354

Onions, dry 0.142

Rye 0.900

Sorghum 0.910

Watermelons and melons ||(0.850

Mineralization/Immobilization Associated with Loss/Gain of Soil Organic Content (3)D.1.5

For the estimation of D direct emissions from managed soils concerning loss of soil organic matter
resulting from change of land use or management of mineral soils, equation 11.8006mMPCC
Guidelineswas applied:
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Where:

FSOM = the net annual amount of N mineralized in mineral soils as a result of loss of soil carbon through
change in land use or management, [kg, N]

&CMi ner al , LU = aver age an-osatgde (LU)otenmes@f soi | ¢

R = C: N ratio of the soil organic matter

This equation was applied in case of management changes in cropland remaining cropland, for
conversion from perennial cropland to annual cropland. All others Dirggterhissions due to land

use changes and loss/gain of soil organic matter are reported under LULUCF cha@RT ilable

4(1).

Figure 5.55: N2O Emissions due to Loss/Gain of Soil Organic Content
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Cultivation of Organic Soils (3.D.1.6)

Cultivation of soils with high content of organic material causes the release of a long term bounded N.
Activity data regarding the area of histosols in the Republic of Croatia have been obtained from the
Ministry of environmental protection and green transittmsed on information available from ARKOD
(Croatian Land Parcel Identification SystemaPIS). Resulting in total histosol area amounts to 2685.49
ha. According to expert judgment Binistry of environmental protection and green transitithis

value is accurate on a national level and can be used for each year in the entire period.

5.5.1.3. Uncertainties and timseries consistency

Uncertainty estimates are based on expert judgement and IPCC values on default EF. Uncertainty of
activity data is 30% for mineral fertilizers, £10% for animal manuréixidg crops and crop residues

while for histosols it is £20%. The expert judgemergditor the uncertainty of the AD is based on the
authority of the AD source (lower uncertainty for high authority CBS source, higher for FAO and other
data), observing annual variation in AD and of periodic revisions of the AD. Uncertainty of emission
factors is within the default range of70% to +200% for mineral fertilizers, animal manure,
mineralization/immobilization associated with loss/gain of soil organic mattgxjig crops and crop
residues, , while for histosols is up to £500% (using detakltPCC values). Direct 0 emissions

alr



from agricultural soils have been calculated using the same method and data sets for every year in the
time series.

Data on the production of crops were obtained from the Central Bureau of Statistics and FAO database.
Croatian CBS is considered to be the most accurate data source and CBS AD was always used when
available. For crops where national data was not avail&#€ data was considered an adequate
replacement source following trend analysis. Where only a part of the national dataset was missing for
a specific crop, trend of FAO data was found to be in line with the national data trends, with no outliers.

For mineral fertilizers, data on the consumption of mineral fertilisers that are produced and applied in
Croatia were obtained from companies that produces synthetic fertilizers for the time peri@d2092
and compared with the available 200024 data from CBS and found to be inline.

5.5.1.4. Categoryspecific QA/QC and verification

During the preparation of inventory submission, activity data for the entire time series were checked
and revised if found necessary, including the FAO data. National Inventory Reports of countries with
similar climate and soil conditions were consulted @hecked for values on dry matter fraction,
residue/crop ratio and N fraction for ndhfixing crops. Therefore, activities related to quality control

were focused on completeness and consistency of emission estimates. After a final draft of this chapter
was prepared, an audit was carried out to check selected activities from Tier 1 General inventory level
QC procedures which revealed that most of the activities were correctly carried out, during inventory
preparation, despite the fact that formal QC pdoices were not prepared.

5.5.1.5. Categoryspecific recalculations

No recalculation were performed

5.5.1.6. Categoryspecific planned improvement

Planned improvements assumed to be-teith or longterm goals (over 1 year):

- Continued improvements and investigation of activity data (mineral fertilizer, crop production,
sewage sludge) with the purpose of a more detailed explanation of the activity data trends and
further verification of source data.

- Improving emission calculation from agricultural soils due to mineral fertilizers.

5.5.2. Indirect NO Emissions from Managed SoilSRT 3.D.2.)
5.5.2.1. Category description

Calculations of indirect PO emission from nitrogen used in agriculture are based on two pathways.
These are:

- volatilization and subsequent atmospheric deposition of NH
- leaching and runoff of the nitrogen that is applied to or deposited on soils

Volatilisation of N as NHand oxides of N (NOx), and the deposition of these gases and their products
NH4* and NQ onto soils and the surface of lakes and other waters. Leaching and runoff from land of
N from synthetic and organic fertiliser additions, crop residues, mineralisation of N associated with loss
of soil C in mineral and drained/managed organic soils ttirdagduse change or management
practices, and urine and dung deposition from grazing animals. Some of the inorganic N in or on the
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soil, mainly in the N@ form, may bypass biological retention mechanisms in the soil/vegetation system
by transport in overland water flow (runoff) and/or fltwvough soil macropores or pipe drains. Indirect
emissions of BO from managed soils for the period from 1990 to2&2 shown in Figure 5:6.

Figure 5.56: Indirect NO emissions from Managed Soils
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5.5.2.2. Methodological issues

Atmospheric deposition due to volatilization

N2O emissions from atmospheric deposition of N volatilised from managed soil were estimated using
Tier 1 methodology, using Equation 11.9 from the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories, using default emission factors and fractions.

Nitrogen leaching and ruaff

N2O emissions resulting from nitrogen from fertilizers and other agricultural inputs that is lost through
leaching and rwoff were estimated using Tier 1 methodology, using Equation 11.10 from the 2006
IPCC Guidelines for National Greenhouse Gas Inventanssg default emission factors and fractions.

5.5.2.3.  Uncertainty and time&eries consistency

The uncertainty of the calculation is conditioned by the use of emission factors recommended by the
methodology and the input data unreliability. According to the bibliography, the uncertainty of the
recommended emission factors is high. Uncertainty estimesociated with activity data amounts to a
maximum of £30 % (see Chapters 5.3.2.3 and 5.5.1.3, Uncertainties argtisgeconsistency for
emissions from Manure Management and Diregd Emissions from Agricultural Soils). Uncertainty
estimate asxiated with emission factors amounts to 400 %, according to information on default factors
uncertainty range provided in the IPCC Guidelines. IndireCt &missions have been calculated using

the same method and data sets for every year in the time series.



5.5.2.4. Categoryspecific QA/QC and verification

There is no categorgpecific information, QA/QC for this category is shared and presented in Chapters
5.3.2.4 and 5.5.1.4. @@ emissions from Manure Management and DiregD NEmissions from
Agricultural Soils, respectively).

5.5.2.5. Categoryspecific recalculations

No recalculation were performed

5.5.2.6. Categoryspecific planned improvement

Planned improvements in this category are shared with the planned improvements Or Emeidsions
from Manure Management (Chapter 5.3.1) and Direct emission from agricultural soils (Chapter 5.5.1).

5.6.Prescribed burning of savann&RT 3.E.)
5.6.1. Category description

The term savannah refers to tropical and subtropical vegetation formations with predominantly
continuous grass cover with an occasional tree or shrub interruption of the grass matrix. Large scale
burning takes place primarily in the humid savannas sincsalrannas lack sufficient grass cover to
sustain fire. Savannas are intentionally burned during the dry season for agricultural purposes, mostly
to encourage new grass growth for animal grazing. There are no ecosystems in the Republic of Croatia
that coutl be considered natural savannas and no intentional burning of savannas occurs; no greenhouse
gas emissions exist for this saategory.

5.7 Field burning of agricultural residueSRT 3.F.)
5.7.1. Category description

Burning of agricultural wastes (e.g., woody crop and cereal residues, crop processing residues) in the
fields is common practice in developing countries and is present in some developed countries.

This activity is strictly prohibited by Croati at
and environment al conditionshfA, Official Gazette
generated by burning agricultural residues watsncluded in the calculation.

5.8Liming (CRT3.G.)
5.8.1. Category description

The application of carbocalk on agricultural soils was estimateNI9r2014 for the first time. Data

that are collected come from the sugar factories in Croatia in which carbocalk has been produced as only
byproduct during the technological process of sugar production until 2019. Based on the new available
information, carboalk coming from sugar factories was only kind of lime applied on agricultural lands

in Croatia until 2019. According to the information from fields, all carbocalk that has beenguiaduc

one year has been applied on agricultural lands in the same year. Due to the fact that sugar factories in
Croatia are placed in areas with acidic soils (in cities Osijek, Virovitica and Zupanja), and the fact that
all produced carbocalk is given faifree to local farmers, all quantities of lime produced are applied on
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soils. This has been practice in Croatia since 2005 in case of one sugar factory, and in case of another
sugar factory since 2010 ( and it is connected with improvements in sugar production introduced by
sugar factories). Before that, carbocalk producetigar factories was discharged into a water sewerage
system which remained the standard practice in case of one factory.

These practices changed in recent years where one sugar factory is not active anymore and all lime
produced in another factory has been sold outside of Croatia. Only the lime produced in third sugar
factory and applied on agricultural soils in Croatia Ib@sn reported here. According to the new input

data, until 2018 only limestone was used for sugar purification purposes. The new input data for 2019
and 2020 indicated the calcium magnesium carbonate has been also used for sugar purification purposes
since2019. For this year reporting the emissions due to carbocalk application as well as emissions due
to the application of calcium magnesium carbonate in 2019 and 2020 were also estimated and presented
in correspondingCRT tables. In case of calcium magnesium carbonate in period-2@B® NO is

reported inCRTtables. In addition, previously reported emissions due to carbocalk application on soils

in 2019 were corrected in line with the new activity data for this type of lime. No further investigation

on thisissue has been foreseen.

CQO; emissions from liming for the period from 1990 to 2@2e presented in Figure 518

Figure 5.81: Direct CQ emissions from Liming
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5.8.2. Methodological issues

Estimation due to liming was performed using 2096 IPCC Guidelinesquation 11.12 and default
emission factors.

5.8.3. Uncertainties and timseries consistency

The uncertainty of the calculation is conditioned by the use of emission factors recommended by the
methodology and the input data unreliability. According to the bibliography, the uncertainty of the
recommended emission factors is high.



5.8.4. Categoryspecific QA/QC and verification

There is no categorypecific QA/QC information for liming. It has been included in the overall QA/QC
system of the Croatian GHG inventory.

5.8.5. Categoryspecific recalculations

No recalculation were performed.

5.8.6. Categoryspecific planned improvement

There is no improvement plan for this category.

5.9.Urea application@RT 3.H.)
5.9.1. Category description

In addition to direct DO emissions from managed soils, adding urea during fertilization results in
conversion of (CO(Nb)2) into ammonium (N, hydroxyl ion (OH), and bicarbonate (HGQ, in the
presence of water and urease enzymes. Similar to the soil reaction following the addition of lime,
bicarbonate that is formed evolves into Gd water. This source category is included because the
CO, removal from the atmosphere during urea manufacturing is estimated in the Industrial Processes
and Product Use Sector (IPPU Sectonhigsion of CQfrom urea application for the period from 1990

to 2024 is shown in Figure 5:9.

Figure 5.91: Direct CQ emissions from Urea Application
100,00
90,00 M =
80,00
70,00 = -0
60,00 R E e S B R N
50,00 11 |- = T T E TR R R EERERE B EEEE N

40,00 +H-H-H-THBEI-THRH B BHB B BB o BT
el (B BIBIE (R SIS E EEEREERE SRS EEREESEE S
ZXoelet B BIBIE R S EEEEEEREERE SRS REREEEEE
10,00 -HA-BH- -1 BB B0 B BB O
0,00

]

a

5.9.2. Methodological issues

kt CO,

CO, emissions resulting from nitrogen from fertilizers and other agricultural inputs that is lost through
leaching and rwoff were estimated using Tier 1 methodology, using Equation 11.13 from the 2006
IPCC Guidelines for National Greenhouse Gas Inventasgsg default emission factors.

Activity data for applied urea was obtained from companies that produce synthetic fertilizers like urea
and urea ammonium nitrate solutions. Entire proportion of urea and urea ammonium nitrate solutions
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was assumed to be urea for conversion of-C@missions to C§according t@sood Practice Guidance
provided by 2006 IPCC Guidelines.

Table 5.91: Ammount of urea applied to soils

1990 @ 68,209 2008 103,398
1991 | 69,472 2009 88,691
1992 89,334 2010 90,789
1993 | 71,099 2011 114,348
1994 | 64,868 2012 118,436
1995 | 63,128 2013 82,348
1996 = 71,509 2014 67,463
1997 | 93,256 2015 78,065
1998 60,339 2016 88,588
1999 | 68,846 2017 95,742
2000 82,999 2018 92,212
2001 125,584 2019 100,352
2002 110,121 2020 120,395
2003 97,899 2021 100,316
2004 103,555 2022 57,290
2005 96,782 2023 29,551
2006 86,167 2024 58,558
2007 | 99,165

5.9.3. Uncertainties and timseries consistency

Uncertainty estimate associated with activity data amounts to a maximum of +30 % (see Chapters 5.3.2.3
and 5.5.1.3, Uncertainties and tiseries consistency for,® emissions from Manure Management

and Direct NO Emissions from Agricultural Soils). Uncertainty estimate associated with emission
factors amounts t€b0 %, according to information on default factors uncertainty range provided in the
IPCC Guidelines. Emissions have been calculated using the sanmlraathdata sets for every year

in the timeseries.

5.9.4. Categoryspecific QA/QC and verification

There is no categorgpecific information, QA/QC for this category is shared and presented in Chapter
5.5.1.4 (Direct MO Emissions from Agricultural Soils).

5.9.5. Categoryspecific recalculations

No recalculation were performed.

5.9.6. Categoryspecific planned improvement

In addition to planned improvement shared with DiregD N:missions from Agricultural Soils (see
Chapter 5.5.1.6)., planned improvement which are assumed to béetangoals (over 1 year) is
development of proportion estimates of urea in applied urea solutions AD.
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Chapter 6: Land use, lantse change and foresti@RT
sector 4)

6.1 Overview of LULUCF sector

The land use categories relevant for the greenhouse gas (GHG) reporting are:
- Forest landFL),

- Cropland(CL),

- GrasslandqGL),

- Wetlands(WL),

- Settlement$SL),

- Other landOL).

According to the2006 IPCC Guidelingsemissions and removals are reported in subcategory land
remaining in the same category and land converted to another land use category. All land use changes
(LUC) are traced down and reported for a transition period of 20 years and reported in the respective
categoriesafterwards, alsoln compliance with the Guidelines, emissions/removals in the categories
Wetlands remainingvetlands, Settlemestemainingsettlemens and Other land remainingher land

are not estimated.

In LULUCF sector Forest land remaining Forest land, Cropland remaining Cropland and Land converted
to Settlements categories are key category according to Trend Tier 1 and Tier 2 assessment and according
to Tier 1 and Tier 2 Level assessment. Details egsgnted in Table 6.1

Table 6.11: Key category analysis for LULUCF sector based on the level and trend assessra@d4 for

Tier 1 and Tier 2 AnalysisSource Analysis Summary (Croatian InventbBigcument 2025)

IPCC Source Categories If Column C is Yes Co

Criteria
Identification

4(1)  Direct NO emissions from |

mineralization/immobilization N O] Yes T2i

4(V) Biomass Burning coO Yes | T1li T2i | L1i

4.A.1 Forestandremaining Foredtand CcoO Yes | T1i T2i |L1li L2i

4.A.2 Landconverted to Forest Land co Yes | T1li T2i |L1li L2i

4.B.1 Croplandemaining Cropland coO Yes T2i Lli L2i

4.B.2 Landconverted to Cropland coO Yes T2i L2i

4.C.2 Landconverted to Grassland CcCoO Yes | T1li T2i | L1li L2i

4.D.2 Landconverted to Wetlands CcCoO Yes T2i

4.E.2 Landconverted to Settlements cCoO Yes | T1li T2i | L1i L2i

4.G Harvested Wood Products CO Yes | T1li T2i | L1i L2i
L1i - Level including LULUCF- Tierl T1i- Trend including LULUCF Tierl
L2i - Level including LULUCF- Tier2 T2i - Trend including LULUCF Tier2
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The completeness of the estimated emissions/removals is presented in Fable 6.1
Table 6.12: Reported LULUCF categoriestatus of emission estimates

LAND USE CATEGORIES Net CO;| CHy N2O
emissions/removals

A. Forest land X X X
1. Forest land remaining-orest x X X
land
2. Land converted to Forelsind | x X X
B. Cropland X NO X
1. Cropland remaining Cropland| x X X
2. Land converted to Cropland | x NO X
C. Grassland X NO NO
1. Grassland remaining Grasslar x X X
2. Land converted to Grassland | x NO X
D. Wetlands X NO NO
1. Wetlands remaining Wetlands NE NO NO
2. Land converted to Wetlands | x NO X
E. Settlements X NO NO
1. Settlements remainir, NE NO NO
Settlements
2. Land converted to Settlement| x NO X
F. Other land X NO NO
1. Other land remaining Other lai NE NO NO
2. Land converted to Other land| NO NO NO

6.1.1. Emission trends

On the report of the previous figures and Figurel6.the conclusion is that LULUCF sector in Croatia
presents a sink of greenhouse gases. Two land use categories, namely Forest land and Grassland, are
categories with Cexemovals, while every other category represents an emission source.
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Figure 6.11: Emissions (+) / removals)(trend for LULUCF sector land categories + HWP pool (12024)
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6.1.2. Methodology

Data on the total area of forest for the separate years, as well as the relative share of the coniferous
deciduous and the forests out of yidldiaguisand shruk) were obtained from the Croatian Forest Ltd.
company which was pursuant to the relevant legisl&tior many years obliged to manage all forests

in Croatia. Consequently, this company disposes with all forestry related data regardless the ownership
type and current administrative organization of the sector. To comply with requirements, set in Saturday
paper in 2012 regarding the traceability and identification of lands that are subject of forest activities,
Croatia devel oped almgrovingnCpoatiannreporting oh Lapd uséaedcuse f
change and Forestry (LULUCF) sector in the First commitment period of the Kyoto Ptocol
(abbreviated LULUCF 1). Special surveys were executed during the project and areas belonging to the
categories of Forest land remaining Forest land and areas converted Eofestnand were identified.
Detailed descption of the conducted work is presented in Chapter 6.4.2.2. Surveys conduetegsin

land category are performed for all type of forests (coniferous, deciduous, out of yield fdiapiss(

and shrub)) regardless the ownership type. The project was initiated by Ministry of Environmental and
Nature Protection (MENP) through joint cooperation with relevant institutions.

Information on areas aheCropland (CL), Grassland (GL), Wetland (WL), and Settlement {&@Lthe
single years (1980, 1990, 2000, 2006, 2012 and 2018)dedireed using the data available@orine

Land Cover (CLC) databaseas well as using the data from other sources (i.g. Central Bureau of
Statistics)

21 Forest Act Qfficial Gazette No68/18, 115/18, 98/19, 32/20, 145/20, 101/23, 36/24
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For the total areas of CL, GL and WL Croatia applies CLC data for the years 1990, 2000, 2006, 2012,
and 2018:

- Grassland (GL): For intermediate years areas were derived by interpolation. For years after 2018,
it is assumed that GL area remains constant at the 2018 level reflecting the stabilizing effect of the
CAP.

- Wetlands (WL): For intermediate years interpolation was applied. For years after 2018,
extrapolation of the trend from 2012018 was used.

- Cropland (CL): The 1989 CL area was determined as descrilié¢iDi2026, Chapter 6.3.Zor
subsequent year s, CL total area was <calcul at ec
area and the annual conversion to CEQL).

To estimatd.UCs conversions:

- L-GL and L:CL: CLC change databases (192006, 20062012, 20122018) were used. Linear
interpolation was applied for intermediate years. After 2018] Lvalues were extrapolated from
2012 2018 data. For 1GL after 2018, extrapolation was combined withuatinents based on
differences in total GL area between consecutive ya@ssring consistency between total GL and
reported conversions.

- L-WL: This subcategory consists only of a@{L and pCLWL. Annual conversion areas were
calculated as the difference in total WL area between two consecutive years distributed according
to the shares of aCL (91%) and pCL (9%) in the total CL category.

When presenting areas of Settlement, correction factor has to be defined and applied since these areas
were observed smaller than areas in other countries. Information on areas of the cropland was extracted
from the national Statistical Yearbooks and frita CLC database. For the purpose of this report the
Croatian Bureau of Statistics (CBS) data from the time series2@®&0 were used. A deviation in the

CBS data series 199997 was adjusted with linear interpolation. Changes in the CBS data collection
approach and significant data deviation in the period after year 2000 were corrected using the data from
CLC database.

By expert judgment certain land use changes were considered not to occur in Croatia:
- Wetlands Settlements ofOther land converted t6ropland orGrassland
- Wetlands converted t8ettlements

Based on expert judgment lande changes from the Wetlands (WL) category are not occurring under

the current legislative and regulatory framework. Drainage of wetlands is regulated under a combination

of national and European Union legislation, reflectindre countryds obligati on
protection and nature conservation. While there is no single law that categorically prohibits wetland
drainage, several legal frameworks strictly regulate such activities, particularly in sensitive or protected
areas.The key national legal acts are tvater Act{OG 66/19, 84/21, 47/23; Article 46) and tature

Protection Act(OG 80/13, 15/18, 14/19, 127/19, 155/23). The Nature Protection Act is the primary

i nstrument governing the protection of Croatiads
with the EU Habitats Directive (92/43/EEC) and the Birds DirectR@09/147/EC). Under this Act

wetl ands are defined as finat ur al -usexhange are sshjedt a n d
to strict impact assessments. Additionally, Croatia is a signatory ®dimsar Conventioon Wetlands

of International Importance which obliges the country to preserve wetlands of ecological, cultural,
economic, or scientific significance

Also, landuse reversals between Forest Land (FL), Cropland (CL), Grassland (GL), and Settlements
(SL) may occur, particularly in the context of letegm rural depopulation over recent decades
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The area of Other land is interpreted as the difference of the area of all other categories and the whole
area of Croatia. Conducted survey under the LULUCF 1 project concluded that there is no conversion
from Other land to forest land, as Croatia repoitigglevious reports before this survey.

After the total area of each category of land was determined, the LUC to and from each category were
defined. The major problem in presenting the land use changes was the limited amount of information
on the land use changes between specific categorie®xHutt data on land use changes on yearly bases
were available only for conversion from/to forest land and were collected through the LULUCF 1
project. Organized survey 2014had determined the former land use types on the identified new forest
areas ad classified according to the ownership.

2006 IPCC GuidelineApproach 1 was applied for representing the areas of LUC in other categories of
land by using information from available statistics and assumptions based on recognized pattern on land
use changes. Then, the remaining area was calculated as the differemeen the total area of a land

use category and the land use changes to each category. Detailed descriptions of the methodology of area
information are given in corresponding chapters of the report.

Table 6.13 presents the total area of the respective land uses andsamthanges between categories
for the base and the inventoried year as well as the net changes for the period.

Table 6.13: Land use and LUC areas (kha) in Croatia for the years-2080D

19902024

4.A Forest land- Total 2362.06 2425.67 63.61
4.Al Forest land remaining Forest land 2358.51 2360.88 2.37
4.Al.a Forest land remaining forest lantbniferous 220.18 224.84 4.66
4.Al1.b Forest land remaining Forest largdkeciduous 1623.79 1624.14 0.36
4.Al.c Forest land remaining Forest lanslt of yield 514.54 511.89 -2.65
4.A2. LUC in Forest land 3.54 64.79 61.25
4.A2.1.a Annual cropland in Forest land 0.00 2.16 2.16
4.A2.1.b Perennial cropland in Forest land 0.00 0.21 0.21
4.A2.2. Grassland in Forest land 3.54 62.03 58.48
4.A2.3. Wetlands in Forest land 0.00 0.00 0.00
4.A2.4. Settlement in Forest land 0.00 0.00 0.00
4.A2.5. Other land in Forest land 0.00 0.00 0.00
4.B Cropland - Total 1625.38 1517.81 -107.57
Cropland annual Total 1480.70 1396.68 -84.02
Cropland perennial Total 144.68 121.13 -23.55
4.B1 Cropland remaining Cropland otal 1618.43 1479.89 -138.54
4.B1.a Annual cropland remaining Annual cropland 1473.76 1343.99 -129.78
4.B1.b Perennial cropland remaining Perennial croplaj 143.34 104.89 -38.45
4.B1.c LUC Perennial cropland in Annual cropland 0.43 24.16 23.74
4.B1.d LUC Annual cropland in Perennial cropland 0.89 6.85 5.96
4.B2 LUC in cropland 6.95 37.92 30.97
4.B2.1a Forest land in Annual cropland 0.00 0.00 0.00
4.B2.1b Forest land in Perennial cropland 0.00 1.55 1.55
4.B2.2a Grassland in Annual cropland 6.50 28.52 22.02
4.B2.2b Grassland in Perennial cropland 0.45 7.85 7.40
4.B2.3a Wetlands in Annual cropland 0.00 0.00 0.00
4.B2.3b Wetlands in Perennial cropland 0.00 0.00 0.00
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1990 2024 19902024

4.B2.4a Settlements in Annual cropland 0.00 0.00 0.00
4.B2.4b Settlements in Perennial cropland 0.00 0.00 0.00
4.B2.5a Other land in Annual cropland 0.00 0.00 0.00
4.B2.5b Other land in Perennial cropland 0.00 0.00 0.00
4.C Grassland- Total 1201.06 1153.22 -47.84
4.C1. Grassland remaining Grassland 1198.62 1076.42 -122.19
4.C2. LUC in grassland 2.44 76.80 74.35
4.C2.1 Forest land in Grassland 0.00 0.00 0.00
4.C2.2a Annual cropland in Grassland 2.33 68.29 65.96
4.C2.2b Perennial cropland in Grassland 0.11 8.51 8.40
4.C2.3 Wetlands in Grassland 0.00 0.00 0.00
4.C2.4 Settlements in Grassland 0.00 0.00 0.00
4.C2.5 Other land in Grassland 0.00 0.00 0.00
4.D Wetlands- Total 73.86 75.57 1.72
4.D1. Wetlands remaining Wetlands 66.87 74.38 7.51
4.D2. LUC in Wetlands 6.98 1.19 -5.79
4.D2.1 Forest land in Wetlands 0.00 0.00 0.00
4.D2.2a Annual cropland in Wetlands 6.36 1.09 -5.27
4.D2.2b Perennial cropland in Wetlands 0.63 0.11 -0.52
4.D2.3 Grassland in Wetlands 0.00 0.00 0.00
4.D2.4 Settlements in Wetlands 0.00 0.00 0.00
4.D2.5 Other land in Wetlands 0.00 0.00 0.00
4.E Settlements Total 200.65 290.72 90.08
4.E1 Settlements remaining Settlements 174.32 230.36 56.04
4.E2 LUC in Settlements 26.33 60.36 34.04
4.E2.1 Forest land in Settlements 0.23 2.13 1.91
4.E2.2a Annual cropland in Settlements 15.44 34.44 19.01
4.E2.2b Perennial cropland in Settlements 1.53 3.41 1.88
4.E2.3 Grassland in Settlements 9.14 20.38 11.25
4.E2.4 Wetlands in Settlements 0.00 0.00 0.00
4.E2.5 Other land in Settlements 0.00 0.00 0.00
4.F Other land - Total 196.40 196.40 0.00
4.F1 Other land remaining Other land 196.40 196.40 0.00
4.F2 LUC in Other land 0.00 0.00 0.00
4.F2.1 Forest land in Other land 0.00 0.00 0.00
4.F2.2a Annual cropland in Other land 0.00 0.00 0.00
4.F2.2b Perennial cropland in Other land 0.00 0.00 0.00
4.F2.3 Grassland in Other land 0.00 0.00 0.00
4.F2.4 Wetlands in Other land 0.00 0.00 0.00
4.F2.5 Settlements in Other land 0.00 0.00 0.00
Total area - Croatia 5659.40 5659.40 0.00

To address gaps in spatially explicit data Croatia initiated the LIFE CROLIS project which will enable
identification and traceability of all LULUCF land categories back to the 1970s. The project is currently
establishing a time series of land categomestfe years 1968, 1990, 2000, 2010, and 2020. Initial results
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indicate that, when applying the-g@ar rule for lanelse category changes, conversions such ds CL
GLi CL are unlikely but cannot be entirely excluded. Croatia intends to finalize the analysis of these
areas during 2026, with results to be presented iNtDe2027.

6.2Landuse definitions and the classification systems used and their
correspondence to thhend use, landise change and forestry categories

6.2.1. Foresttand (4.A)

Definitions applied within this inventory regarding the Forest land are consistent wi2@@6elPCC
GuidelinesandUNFCCCreporting requirements

The Forest land is composedtbé Forest land remaining Forest larfBI-FI) andLand converted to

Forest land(L-FI). The Forest land remainirigprest land is forest land with tree cover (national frame)

but with forest defined as the land spanning more than 0,1 hectares with trees higher than 2 meters and
canopy cover more than 10 percent, or trees able to reach these thresholds in situ (K dd&Sased

on this definition, the forest stands that fall within these thresholds are high forestsigulantattures,

coppice Maquisand shrub. Therefore, the Forest land remaiRngst land is forest land covered with

high forests, plantations, cultures, coppMeguisand shrub.

According to the Ordinanégtotal forest land in Croatia is divided in two main categories and several
subcategories, as follows:

Forest land with tree cover

Land under forest management (forest land without tree cover):
- Productive forest land without tree cover (e.g. clearings, grasslands)
- Non-productive forest land without tree cover (e.g. fire lanes, landings)
- Barren wooded land (e.g., forest roads wider than 3 meters, quarries)

Therefore, within the national frames, there exists forest land without tree cover in Croatia under forest
management plans, which represents grassland according to the IPCC definition. The latter indicates for
example that afforestation does not necelysareéan land conversion for Croatia in the administrative
national frame. Following the IPCC definitions of land use categories, land under the forest management
plans on which afforestation is performed in Croatia, falls under the Grassland categosy. tHisnc
afforestation | and (though always fiforest | ando
a LUC land fromGrassland td-orest land according to IPCC and is reported as such. The Croatian
reporting of lands and LUCs follows the IPCC definitions. Other land category had been used previously

to present land under the forest management (without tree cover). Since 2012 tepefosnL ULUCF

1 project was executed, this has been changed and this land was reported under the Gragsignd cate

6.2.2. Cropland (4.B)
Based on th006 IPCC Guidelinedefinition of the Cropland category the area under the following
classification of the CBS nomenclature was included in this report:
- Arable Land and Gardens
- Nurseries
- Osier Willows

22 Ordinance orForest Management (O%7/18, 101/18, 31/20, 99/p1
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- Orchards
- Olive groves
- Vineyards.

After the year 2000 the area under the CBS nomenclature was revised and data were adjusted according
to the below presented CLC nomenclature:

- Norvirrigated arable land

- Permanently irrigated arable land

- Vineyards

- Fruit trees and berry plantatigns

- Olive groves

- Annual crops associated with permanent crops (Complex cultivation patterns)

6.2.3. Grassland (4.C)
Following the IPCC definition of the grassland category, the next classes of the CLC database
nomenclature are included in this report:
- Pastures
- Land principally occupied by agriculture, with significant areas of natural vegetation
- Natural grasslands
- Moors and heathland
- Sclerophyllous vegetation.

6.2.4. Wetlands (4.D)

Two levels of the first classes under the CLC nomenclature (Wetlands andidthés) were examined
and classes presented below were included into the wetland area:

- Inland marshes

- Salt marshes

- Salines

- Intertidal flats

- Water courses

- Water bodies

- Coastal lagoons.

6.2.5. Settlement (4.E)
Based on the LULUCF definition of the settlement category the following classes of the CLC database
nomenclature were included in this report:
- Continuous and discontinuous urban fabric area
- Industrial or commercial units
- Road and rail networks and associated Jand
- Port areas
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- Airports

- Mineral extraction sites

- Dump sites

- Construction sites

- Green urban areas

- Sport and leisure facilities.

Information on approaches used for representing land areas and emséaddtabases used for the
inventory preparatian

6.3. Information on approaches used for representing land areas and on land
use databases used for the inventory preparation

6.3.1. Forestland (4.A)
For the purposes of this reporting, data forwarded from the Croatian Forest Ltd. and collected through

the surveys under the LULUCF 1 project were used for presenting the forest land areas.

The Forest AcE regulates the activities in forestry sector in Croatia. The forest management plans
determine conditions for harmonious usage of forests and forest land and procedures in that area,
necessary scope regarding the cultivation and forest protection, positidd¢éion degree and conditions

for wildlife management. The forest management plans are as follows:

- General Forest Management Area Plan for the Republic of Croatia (General FMAPS)
- Forest Management Plan for management units

- Programmes for management of management units on karst

- Programmes for management of private forests

- Programmes for forest renewal and protection in specially endangered area

- Programmes for management of forest with special purpose

- Annual forest management plans

- Annual operative plans.

The Ministry of Agriculture supervises the decisimaking process of management plans as well as
their renewal and revision.

The FMAP, among others, appoints activities which will be performed in the forests for the next 10 years
but also, to some extent, describes the former management (management in the prepdaupdi@d)

and the status of forests at the beginning ofnh& 10year period. So far, four General FMAPs have
been prepared:

- General FMAP encompassing the period from 19885 (General FMAP 1988995),
- General FMAP encompassing the period from 12065 (General FMAP 1998005),
- General FMAP encompassing the period from 2R0865 (General FMAP 2008015),
- General FMAP encompassing the period from 22@B5 (General FMAP 2018025).

23 Forest Act (Official Gazette N@&8/18, 115/18, 98/19, 32/20, 145/20, 101/23, 36/24
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Summarized, the total forest land in Croatia constitutes of one forest management area which is
established in order to ensure the unique and sustainable management of the forest land. Therefore,
according to the national criteria, both forest land witti atithout tree cover is sustainably managed
regardless of their ownership, purpose, forest stand etc.

Based on the forest management type, according ©Ortfieance on Forest Managemefdrest stands
are managed either as exaged or uneveaged forests. In case of unevaged forests two types of
selection systems can be performed. In these forests two types of ‘ageekforest management are
applied:

- agrouptreeselection system (Type 1 of the unexsged forest management), or
- asingletree selection system (Type 2 of the uneaged forest management).

In case of Type 1 a group of trees of the same age and development stages within (sub)compartment,
needs to be larger than 0.2 ha and up to maximum of the 2.0 ha.

Evenagedforest stands make regular forests with a share of about 52% of total growing stock (excluding
maquisandshrubforests) Type 1 uneveraged forests take share of about 18% of total growing stock.
Type 2 uneveraged forests take share of 30% of total growing stock (excluding maquis and shrub
forests).

State forest¢more than 95% ofthengr e managed ei ther by ACroati an
bodies. As regarding the private forests, the Forest Advisory Service (FAS) was established in 2006
(began working in 2007). Its function was to assist private forest owners in management and
improvement of private forests' condition. This service was merged with the Croatian Forests Ltd
2010. In February 2014 Croatian Government adopted changesstst Actre-establishing this service

again under th#linistry of agriculture.

Further mor e, detailed information on the system
provided. |t shoul d be emphasized that t he mar
international FSC certification (Forest Stewardship Council Ppfving that state forests are managed
sustainable.

The system is divided in 17 organizational and territorial tniegional Forest administrations (Figure
6.3-1). This division was established in 1996.

Regional forests administrations consist of regional forest offices. Croatian area is divided into 169
regional forest offices. The forest office is the basic organizational unit for performing all expert and
technical activities in forest management ahdyt are directly supervised by the regional forest
administration. Forest management in forest offices is based on forest management plans for individual
management unit approved by the Ministry of Agriculture. An example of one forest administration
divided into 12 forest offices is presented in Figure®.3

Each forest office manages a certain number of management units. The division of forest management
area on management units is performed to facilitate the implementation of forest management plans. The
area of a management unit is usually between 1,00B&D ha. The area of management units is
determined by the Forest Management Area Plan and usually they are not changed (now there is about
653 management units). The number of management units governed by a certain forest office is variable.
Figure 6.33 s hows forest office fiCernad and its divisi

Management unit is divided into compartments andcarbpartments. Compartment is considered as

the permanent and basic unit regarding the management forest division. They are established in order to
facilitate the management, inspection and field oriesriaiThe compartment area, except for first age

class, shrub, scrubs, masjugarigue and barren wooded land, in general cannot be larger than 60 ha.
Figure 6.3 shows the division of the management uni:t
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Compartments are divided into smaller areas-(arhpartments) and a sebmpartment is the smallest

variable, basic area regarding the management division of forests which is specially managed as a stand.
Stands are included in s@ompartments dependiran their stand origin, stand form, development

stage, tree species, age, management goal, mixture ratio and tree coverage. The smallest area of a sub
compartment is 1 ha except in private forests and separated forest area when it can be even smaller, and
the largest susompartment area is determined by the compartment size. However, the sampling is
performed within the subompartment on a 0.05 ha grid. Figure-6.8hows that compartment 7 of the
management wunit AKrivskmmprtsnméentsvoo i s divided into

Figure 6.31: Spatial division of the Republic of Croatia on Forest Administrations (FAS)
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Figure6.32: Di vi sion of forest district AVinkovci o on related f

(04 i 15
ME—
Vinkovei 4
Strizivojna
A
Cema
ry
5

PODJELA UPRAVA SUMA

Legenda
w— Granica RH

Granica USP-a

A Sjediste sumarije

NA SUMARIJE

"
Granica Sumarije

Wukovar

Figure6.33: Area of a forest office ACernao with the spatial di
Qe
E Legenda
& “Aprm Granica RH
PODJELA SUMARIJE el

C3 Granica sumarie

A Sjedidte Sumarije
172 Granica gospodarske jedinice

NA GOSPODARSKE JEDINICE

CERANSKI LUGOVI

BANOV DOL

218
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Short scheme of the system&s structure is presen

Figure6.36: The scheme of the national systemf6s structure

Compartment

Sub
compartment

Therefore, it should be emphasized again that the basic unit for forest management in Croatia-is the sub
compartment for which, based on field measurements on a 0.05 ha grid and the analysis of the related
results, data on area, land category, growingkstoal increment on diameter class (above 10 cm in
diameter at 130 cm above ground, classes by 5 cm), age, ecological and management type, crown cover,
height above sea level, the level of fire vulnerability, tree species and related number of trees etc. ar
determined. Furthermore, for each @admpartment a felling and silvicultural treatment rule is prepared
which is recorded each year.

The Forest Actregulates the growing, protection, usage and management of forest land as a natural
resource aimed to maintain biodiversity and ensure management based on principles of economic
ustainability, social responsibility and ecological acceptability. It prahibe renewal of forests by clear
cutting, thus natural rejuvenation is the principal method for renewal of all natural forests.

The following figures are based on data for 2016 provided in the General FMAR@RA&Nd present
forest area in Croatia as definedfyrest ActandOrdinance on Forest management

Based on the forest stands, forest land with tree cover is divided as follows:
- High forests
- Plantations
- Forest cultures
- Coppice
- Magquis, scrub, garigue, shrgdut of the Yield),
The share of forest land with tree cover in the forest land with tree cover is shBigariz6.37.
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Figure 6.37: The share of each forest stands in forest land with tree,c8eaeral FMAP 2012025
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According to the Forest Act forests are classified in three categories:
- management forests (which made abal¥bof total forest area in 2016)
- protection forests (which made ab@st % of total forest area in 2016)
- forests with special purpose (which made about 18 % of total forest area in 2016).
Based on the ownership, there are two types of forests in Croatia:
a) State forests owned by the state and managed by
- the public enterprise AHrvatske gume d.o.o. 0 (
- legal bodies owned by the state (e.g., national parks, Faculty of Forestry, Ministry of Defence,

BN

ACroatian Waterso etc.)
b) Private forests

State forests make about 75% of total forest area, while the remaining 22% are privately owned and 3%
are State foresisother legal bodiedigure 6.38).

Figure 6.38: The ownership structure of forest area in Croatia, General FMAP -2IP
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The area of forests is determined based on all available cadastral maps in various scales. However, while
preparing the FMAP 2018025, it was noticed that cadastral data on forest area did not match real

221



conditionsi private forests were larger than those presented in the cadastre. Since private forests are
highly fragmented and scattered over the entire Croatian territory, most precise determination of their
area and their spatial position was accomptdghe applying the remote sensing methods for the forest
area extraction and field work to determine for
ways:

- by using the orthophoto (scale 1:5,000)
- by using the digital cadastral maps
- by using other available forest maps

The identification of forest area is based on a single methodological approach which relies on multiple
data sources and requires field verification. The main criterion for classifying an area as forest is the
legal definition provided in thEorestActnot the designation in cadastral plans.

Potential forest areas are first identified through visual interpretation of orthophoto images (scale
1:5,000). Orthophoto mapping is carried out annually for half of the country ensuring that the entire
territory is covered within a twgear cycle. Thisrequency is considered sufficient to monitor laagn
overgrowth trends on agricultural and abandoned land. These areas are subsequently verified in the field.
If the field survey confirms that the area meets the forest definition (definBdrast Ac}, stand
parameters are measured and described. Based on this process, proposals for inclusion in the forest
management plan are submittedheMinistry of Agriculture, Forestry and Fisherffor each proposal,

a list of relevant cadastral parcels must be prepared. Parcels for which approval is obtained are
incorporated into the management plan with the requirement to initiate a formal procedure for changing
their landuse designation to foseland. This procedure involves preparing a geodetic reportdnskc
surveyors and submitting a request to the cadastral office for an officiab$@ndhange. In cases of
exclusion from the management plan (conversion of forest land to another land category, typically for
infrastructure purposes), prior approvalrfrehe Ministry of Agriculture is required. Updates to forest

area maps or maps of management units (which contain forest compartments) must be aligned with
cadastral records. From the cadastral plan, only parcel area, designation, and cadastral ngunicipalit
information are used. All afforestation and deforestation activities are monitored annually in accordance
with the Ordinance on Forest Management

During the preparation of forest management plans, forest landowners have the right to request the
exclusion of their parcels from the forest management area. This can be exercised in the public
consultation phase before the plan is officially approvedh®ases generally involve small privately
owned parcels. To initiate exclusion, it is sufficient for the owner to provide a signed statement of
disagreement. In these situations, the parcel is removed from the management plan, and the landowner
is obligedto manage the land in line with the regulations applicable to agricultural land use.

It is important to note that forest management plans may include areas that do not meet the forest
definition used for LULUCF reporting (e.g. protected grasslands, garrigue and scrub vegetation under 2
meters in height). Therefore, separate extractioratd tbr the National Inventory Document (NID) is
required.

In recent years, additional data sources such as LiDARsrbigiution orthophotos and drone imagery
have been integrated into the process. LIDAR, in particular, provides more precise information on
vertical vegetation structure which is especially valeiabthe Mediterranean region. Comparisons with
Copernicus products, such @ Cplus Backbonerevealed discrepancies. For example, in eaged

oak stands young forests up to 9 years old are not recognized as f@ze§tfilys Backbonandinstead

they ae classified as grasslands

The FMAP 20162025 determines total growing stock of about 418 milim2016 (shares shown in
figures 6.3-9 and 6.310) by calculation based on the following measured data:

- diameters at breast heigliBH)
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- height of living trees above the taxation level (10 cm in breast height diameter).

The growing stock is not measured for the firstelges year 120) of evenaged forest, and this is why
carbon stock changes in these forests are not taken into consideration in the report. IMeagasof
and shrub forests estimation was performed using the expert judgement on increment in these forests.

Figure 6.39: The share of growing stock in state and private forests, General FMAR2QR%6
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Figure 6.310: Share of main species in total growing stock, General FMAP-2025
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At least 2% in evefaged stands of the second age class regarding the high forests in area that is subject
of FMAP, forests with limited management, coppices, protection forests and private forests.

At least 5% in everaged stands of high forests (age classes above the second age class) in area that is
subject of FMAP and in uneveaged forests.

For example, planned work normative for state forests managed by Croatian Ewre&isthe year
2010 included:

- Extracting the sultompartment at 143,000 ha

- Measurements of breast diameters at 69,000 sample plots of the 5% sample trees
- Measurements of breast diameters at 25,000 sample plots of the 2% sample trees
- Measurements of breast diameters of all trees at 6,000 ha

- Measurements of 123,000 tree heights
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- Taking 43,000 bores.

Based on the legislatiéh when preparing the FMAPs, the increment value is determined based on the
volume tables and measured diameter increment. Measuring of the diameter increment has been
performed for the main tree species. In eaged stands, samples for diameter incremmesasuring are

grouped for each tree species according to their origin and stand quality and age, and iagegven
stands on management classes and stand quality. In case of coppice forests only mean total increment of
growing stock has to be determinéithe increment cores are taken at breast height (1,30 m) with
Pressl erds borer.

The share of increment in state and private forests is preserfigaiia 6.311.

Figure 6.311: The share of increment in state and private forests, General FMAR2QR36
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Representation of the Forest land in this report is based on the definitions provided in the following
chapter (Chapter 6.4). The related data have been obtained from the ARbiéxts in Croatia are
presented by forest type as broadleaved and coniferous forests and out of yieldMiagsisahd shrub
forests).

6.3.2. Cropland (4.B)

To present cropland area in Croatia data from the Croatian Bureau of Statistics (CBS), CORINE LAND
COVER (‘Coordination of Information on the Environment' Land Cover, CLC) database (years 1980,
1990, 2000, 2006, 2012 and 2018) and ARKOD database wergveeviSignificant changes among

data obtained from these databases were observed, requiring data adjustments for certain time periods.

CLC database has been established in 1985 as the European program with the aim of a computerized
inventory on land cover of the EC member states and other European countries, at an original scale of 1:
100,000. It uses 44 classes of thiexael Corine nomeeclature of which each describes a different land
cover. The minimum mapping unit is 25 ha for land cover and 5 ha for mapping land cover changes since
year 2000.

In 2002 Croatia joined the program and first CLC database for Croatia was established. Now within this
database Croatia has information about land cover for years: 1980, 1990, 2000, 2006, 2012 and 2018.
During the CLC 2000 development process 39 of 44 Cla8ses were detected in Croatia while

24 Ordinance orfForestManagement (O®@7/18, 101/18, 31/20, 99/21



developing the CLC 2006 40 classes were detected. Also, continuing to participate in this EU program,
Croatia managed to develop following databases on land cover changes: CLC chant@909&0.C
change 1982000, CLC change 1999000, CLC change 2068006 and CLC change 2012 and

CLC change 201-2018. For the purposes of this reporting Croatian Agency for Environment and Nature
developed special CLC change database that refers to the peric@Q80 This database has been
used for determining the conversions between land use categoriestamaton purposeskor NID
reporting in periods different than 192006 Croatia uses data from the corresponding CLC change
databases (2068012, 20122018). CLC change databases are used to define conversion-pCACL
pCL-aCL, GL-aCL, GL-pCL, aCL-GL, pCL-GL, while the caversion of CLFL and FL-CL are defined

using the Approach 3 in land identification and traceability and the spatially explicit data provided by
Croatian forests Ltd

ARKOD is Croatian hame of thealndParcelldentificationSystem(LPIS) that provides information on
use of agricultural land in Croati# is based on digital orthphoto maps at a scale of 1:5,000, which
serve as a basis for interpreting and determining the area of agricultural land farms.

The Ministry of Agriculture and the Paying Agency for Agriculture, Fisheries and Rural Development
established this system in 2009 as part of the Croatian alignment with EU requirements, ARKOD makes
an integral part of the Integrated Administration and t@drSystem (IACS) by which EU member
countries allocate, monitor and control direct EU payments to farmers. Full ARKOD applicatied start
with the Croatian membership to the BEU2013 Since 2011 this system has been used to track the
payments of natically paid subsidies.

However, ARKOD is not completeébecause itcontains data (approximately for about 60% of all
agricultural land) only on agricultural land under the incentive systensuch it cannot provide area

data on all agricultural land in Croatiankteds to be gradually completed. The majority of ARKOD data
was taken over from the Farm Register established in Croatia in 2003 for the purpose of granting
subsidies to farmer3he FarmRegister is based on cadastral data.

For future reporting purposegen ARKOD system will contain data on majority of agricultural land in
Croatig this database should be taken into consideration

For the purpose of this report the CB&a from the time series before 1990 were used. Although these
CBS data are consistent during the period 18800, a deviation in data series 199997 due to War
influences was recorded. To adjust this period, linear interpolation of the CBS dathdnoeniod 1991

1998 was used.

These CBS data are used to define the total Cropland area in Croatia in peri@®1998rom the total
areaandareas that belong to perennial and anougplandshares of aCL and pCL in total CL area are
defined Finaltuning in the total cropland area was performed subtracting the difference of areas that are
converted to and from cropland area in corresponding years.

When analysing CBS data for the purposes of this reporting the significant changes in cropland and
grassland area in the period after 2000 was notice. It was caused by difference in the CBS data collection
and application of new EUROSTAT methodology, aklofes: 6 61 n 2005, the Croat |
Statistics gathered for the firime crop production statistics data concerning private family farms by

using the interview method on a selected sample with the help of interviewer. This meant abandoning

a longlasting method of collecting data by using the estimation method done by agricultural estimators
based on cadastre data. The sample for agricultural households was selected from the 2003 Agricultural
Census data basis and was completely random: the ondlitcmn was that at least three households

were situated in the same settlement. The sample size was conditioned by inimical means allotted
from the State Budget of the Republic of Croatia. As much as 11 000 households were sdlexted in

25 Croatian Agencyor Environment and Natuy&€orine Land Cover database. See list of References

225



sample. The criterion for the sample selection was based on seven sizes: the total used agricultural land
area, size of arable land, size of garden area, size of meadow area, size of pasture area, size of orchard
area and size of vineyard area. All obtaingata were expanded, compared to data from previous years

to data from the 2003 Agricultural Census and available administrative sources (the Register of
Agricultural Holdings of the Ministry of Agriculture, Fisheries and Rural Development). If necessary,
corrections have been made based on all available. data

Due to abandoning of a lorgjanding method of compiling data through estimates done by agricultural
estimators based on cadastral data, there emerged significant differences in data on land areas of some
crops, vineyards, and orchards. They mostly rétatlee reduction of land areas, which could have been
caused by the tardiness of the cadastre.

Data on area for the period from 2000 to 2004 were revised according to the Agricultural Census 2003
data. Since there were Agricultural Census data and estimates of statistical experts available for 2003,
that year was selected as the most suitable tiwhesed for the recalculation of data on areas. The data

for the period from 2000 to 2004 were recalculated by multiplying the 2003 data by indices of annual
changes derived from expert estimates.

The main purpose of this revision was the methodological harmonisation of data and methods of
estimating data for the mentioned period. The methodology is fully harmonised with the EUROSTAT
recommendatior

Applying the new EUROSTAT methodology and the interview method on private family farms in its
statistical work after 2005, the CBS needed to focus only on categories of utilized agricultural area that
was used for production in a year in question and Hgtutilized arable land in a year in question.
Collecting data in such a way, the CBS completely omitted records on the traditionally less managed or
unmanaged areas in Croatia that were not used in year of question (mostly grassland areas such as
meadowsand pastures). Before the new methodology was applied, these areas were recorded as
unutilized agricultural land (and were traced based on the cadastral data), subcategory that does not exist
within the new methodology. Comparison between data gatharegdafficial definitions in CBS work

before and after 2005 shows difference of more than 1,0 million ha in grassland areas and explains the
difference between the CBS data series for the period-1999 and the period 20€D10.

In order to define Total cropland area in Croatia, data from all available data sources were analysed. It
was concluded that for this land category data available in State Bureau of Statistic (CBS) and Corine
Land Cover database should be used. However,tdithe changes in CBS methodology for data
collection that occurred in 2000 and 2005, adjustment of these data needed to be performed. Description
of the conducted process in adjusting the CBS data is presented here. After the adjustment in CBS data
for the whole time series, the total corrected CL areas were defined using the CBS data for total CL area
in 1987 (which was found to be reliable by the group of national experts) are used adding the areas
remaining form total LUC to cropland after subtractangas converted from CL areas to other categories

of land. Total corrected CL areas in following years are estimating using the areas from total CL in
previous year and adding the areas remaining form total LUC to cropland after subtracting areas
convertel from CL areas to other categories of land in corresponding year.

Croatia analysed all data available in different data sources for the land matrix development. This
included ARKOD data too. ARKOD contains only data on agricultural land that is under the incentive
system (approximately 60% of all agricultural land in &@). Thus, ARKOD do not contain all data

on agricultural land and because of this fact ARKOD data are in no way used for matrix purposes and
this reporting, including the defining ficorrecte
(abbreviagd called CROLIS) which will complement ARKOD with currently missing data on
agricultural land. In future (year 2024) ARKOD data will be used for LULUCF reporting. New data that

26 Statistical Yearbook of the Republic of Croatia 2012. See list of References
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will be incorporated in ARKOD are to be collected using the Sentinel 2 images and other available
techniques for collecting spatially explicit land data. Thus, Approach 3 will be implemented for
collecting remaining ARKOD data on agricultural land in Cienat

Figure 6.312: Total Croplanchreg corrected, kha
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The share of perennial cropland in the adjusted total cropland area since 2000 has been estimated based
on the relative shares of perennial cropland according to CBS data from the 2000s. For the years before
2000 the CBS data on annual and perennial cnoptaiea were used. The relative shares of perennial

and annual cropland are rather consistent across the whole time series (0.1 vs. 0.9).

The area of annuaroplandand perenniatroplandused for LULUCF reporting depends on official
CBS data omperennial croplandpCL) andannual croplandaCL) areas in Croatia on yearly basis. So
far Croatia does not dispose with better data source on pCL and aCL areas.

Similarity in areasbetween CBS and CLC data is more evident in the period prior to 2000. This is
primarily due to differences in the methodology applied by CBS over time. Following the adoption of
the new EUROSTAT methodology and the introduction of the interbiased sumy of private family

farms After 2005 CBS statistics have focused exclusively on categorigdlinéd agricultural aea,
recording only tharableland used for production in the reference year. Before this methodological shift,
CBS data referred more broadly to total agricultural land without distinguishing between utilized and
nonrutilized land. This methodological change also affects the interpretation of CBS statistics related to
cropland (CL) areas.

New data on land areas that will be gained through the recently st#feedCROLIS project will be
used in future improvements of theNI

Regarding the identification of land areas converted to Cropland, during the expert work it was
concluded that conversion from Forest land and Grassland category to Cropland exists in Croatia. The
area of Forest land that is converted to Cropland wastddtdaring the implementation of LULUCF 1
project (please seehapter 6.3.pand for the conversion on yearly basis from Grassland to pCL and aCL
CLC database changes were used.
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Figure 6.313: Area ofAnnual andPerennial cropland in Croatia after adjustments of CBS #hta,
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For the comparison in this figure the CLC results are based on linear interpolation between the single
CLC assessment years (198990, 19962006, 20062012, 20122018)and br the years after 2018he
average value from the period 202@18 was applied.

6.3.3. Grassland (4.C)

For the presentation of grassland area in Croatia data from the Croatian Bureau of Statistics (CBS) and
the CLC databases (years 1980, 1990, 2000, 2006, 2012 and 2018) were reviewed. Significant changes
were observed requiring data adjustments for the eviirole series.

CLC data for Grasslarareasncludes 231-Pastures, 248and principally occupied by agriculture, with
significant areas of natural vegetation, d2dtural grassland, 32@oors and heathland and 323
Sclerophyllous vegetation

In Croatiatemporary grasslandare defined by CBS as areas with perennial gc@ger mixtures and
perennial grasses established for foragedamnot classified as permanent grassland. Within LPIS
(ARKOD) they are not explicitly categorized; instead, related codes 8200321) cover naturaand

seeded grasslanased for forage productioand permanent pasturésr grazing animalsin CLC,
temporary grasslands are not clearly defined and an analysis is still needed to determine their placement
within the CLC nomenclature.

The complete examination of CBS data demonstrated its inadequateness related to the total area of
Croatia. The adjustment of CBS data with CLC data for the time series since 2000 had the same results,
leading to the exceedance of the total area of Crotithe same time, sefftanding CLC data fitted
adequately to the Croatian area and were used in this report for this reason.

Data from the CBS are the result of the Croatian statistical surveys in the field of agriculture. Since 2005
the CBS has been applying in its work a new methodology defined by EUROSTAT in year 2000.

Before the year 2005 the CBS recorded data on private family farms were collected separately using the
estimation method by agricultural estimators based on cadastre data. Data gathered on private family
farms using the new methodology showed significadtiction of the grassland area in Croatia in the
period 19921995 compared to the previous as well as the following years (i.e., in 1987 the area was
1.56 million ha, while in 1995 it was 1.10 million ha). The main reason for this difference was the
Croatan Homeland War, because of which investigation could not be carried out on the whole of
Croatian territory. A separate and additional problem was areas contaminated with mines. On this land,
forest vegetation was gradually taking over due to the sto@s$lignd management at these lands. More
information about present and previously methodology used by CBS for area presentation are given
Chapter 6.3.2.



To analyse the CBS data for the purpose of this report, linear interpolation of trer@i9EEtf the
CBS data were used to adjust the data for the years with partial data in the perid@94®9igure 6.3
14).

Figure 6.314: Total Grassland area in Croatia according to the CBS data and CLC database, kha

e Agrric. Stat. Grassland - Total (kha) CLC Grassland (kha)

In this report CLC data were used to present grassland area in Croatia in the years 1980, 1990, 2000,
2006, 2012 and 2018. Linear interpolation of the CLC trend between these CLC assessment years was
carried outFor the years after 201Bere has not been predicted any change in total areas of this category

of land.

CLC trends can be found in land matrix in ®©RT tables.

Land use change in subcategories Cropland convertgdgsland and Grassland convertedrapland
uses CLC for determination of Activity Data.

6.3.4. Wetlands (4.D)

To present the wetland area in Croatia data presented in the Corine Land Cover databases (years 1980,
1990, 2000, 2006, 2012 and 2018) and the GIS database on the distribution of habitat types in Croatia
were compared. A habitat map was built in a scalé: 0,000, with a minimum mapping unit of 9
hectares, also containing data on wetlands in Croatia protected under the Ramsar Convention. The
primary mapping method was the analysis of Landsat ETM+ satellite images, in combination with other
data sourcesa(r photos, literature data) and field work. Habitats throughout the Croatian territory were
mapped. No significant differences between the wetland areas according to these databases were found
and it was decided that CLC data would be used for the wistiea presentation.

Linear interpolation of the CLC trend was carried out using the data from CLC database changes 1980
1990, 199€r006, 20062012, 20122018. For the years after 2018 extrapolation of the CLC trend was
applied.

CLC trends the wetland area can be found in land matrix. The LUC from cropland to wetland was divided
into annual and perennial cropland according to the share of these land uses in total cropland (0.9 vs 0.1).

An assessment of the land use changes according to CLC suggested that the observed wetland area
increase comes only from the cropland area in Croatia.
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6.3.5. Settlements (4.E)

In order to present the settlements area in Croatia data presented in the Corine Land Cover databases
(years 1980, 1990, 2000, 2006, 2012 and 2018) a
spatial units were found useful for this report.

Although the Register contains information on state, county, city of Zagreb, town, municipality,
settlements, protected areas, cadastral municipality, statistical range etc., it turned out that the data
presentation was not in line with the requirementshisfreport (i.e. buildup areas are not presented in

the Register). Therefore, expert judgment recommended to use data from the CLC databases.

Comparing CLC data under settlements category with the same data in other countries (Austria and
Luxemburg)it was observed that the total CLC settlement area in Croatia represents only 3.3 % of total
land while in other countries it is significantly highEurthermore, it has been observed that roads and
railroads within the Croatian CLC settlements category were represented only with 2.3%. Detailed
Austrian and Luxembourgian data report that 45 to 50 % of the settlement area is composed of roads and
railroad lines.

It was expert judgment that the difference between Croatian CLC settlements area and Austrian and
Luxembourgian area were most likely since the roads and railroads area outside of the settlements in
Croatia and it was not covered by the CLC database duket@rea resolution of CLC and the
insignificant narrow areas represented by these traffic lines in the CLC assessment units. Because of that,
Croatian CLC settlements data needed to be adjusted for these uncovered countryside traffic areas. The
data adjstment was done using the correction factor which is estimated to be:

Reported SL Area = {LC SL area in Croatia (1/ (1-0.45+0.031))) (0.033 x 0.45 Xotal area of
Croatia)]

This correction factor is multiplied with the CLC settlement area to estimate the adjusted settlement area.
The term 1(1-0.45+0.@1)) expands the settlement area for traffic lines (45 % of the settlement area are
assumed to be traffic lines, of which oi8lyl % are covered by the CLC results and need to be added to
avoid an overestimate). In a next step of this correction factor est@dd& x 0.45 xtotal area of

Croatia) those 45% area share of traffic lines that fall within the detected CLC sttiameas (3.%

of total area of Croatia) but which are also assessed as other settlement categories than traffic lines due
to the area dominance of other categories (e.g. urban fabric) have to be subtracted to avoid traffic area
double accounting.

Croatia considers the applied equation for defining the correction factor appropriate for estimating the
total Settlement (SL) area. This method accounts for total settlement areas by year as derived from CLC
databases, while also incorporating areas @idsoand rail networks (CLC class 122) to avoid
overestimation.

Following the completion of the LIFE CROLIS (Croatian Land Information System) project (scheduled
for 2026), Croatia will have access to highality spatially explicit data. It is expected that from the
2027 reporting year onward, the availability of CROldata will eliminate the need for a correction
factor when defining the total area of this land category.

After that linear interpolation of the CLC trend was carried out using the data from CLC database
changes 1980990, 199€r00Q 2000-2006, 20062012, 2012018. For the years after 2018
extrapolation of the CLC trend was applied.

The LULUCF 1 project was used to trace and record Forest land converted to Settlements and other land
use categoriesAccording to the Croatiafrorest Act’, conversion from Forest land to other land
categories implieslear cutting of forest in order to use area for otherfooestry purposesf which

27 |bid.
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activities that lead to the conversion to Settlement category are the biggest (i.e. road construction)
Deforestatiormust be performed in accordance with the spatial planning documents or provisions of the
Decree on procedures and criteria for easement establishment on a forest or forest land owned by the
Republic Croatia to cultivation of perennial cr&pSherefore, for an activity to be referredlaad
converted from forestadéforestatioy certain forest area must be excluded from the national forest
management area which is strictly regulated byRtrest Act(Articles 32, 35, 51, 51a and 52). Based

on the latter, land use changes from forest to other land use categories are allowed in very limited
circumstances (e.g. for important infrastructure projects etc.).

Based on the recommendations given by the ERT in ARR 2012, Croatia carried out a special survey in
order to trace and identify all deforested areas regardless ownerships and types of forests. The work was
performed in the framework of the LULUCF 1 project.

All data and information concerning deforested areas are presented in a separate étasimeatof
outcomes of the LULUCF 1 project. The same procedure was applied for identification of these areas in
years 20122023.

During the period 199Q012 deforestation did not occur in state forests that are managed by other legal
bodies in Croatia than Croatian Forests according to the data and information gained through the
conducted survey. This was expected outcome sincst$obelonging to this type of ownership have
rigorous or some degree of protection under the provisions of Law on nature protection. Consequently,
data and information presented in this report and concerning deforested areas and corresponding
emissions redr to state owned forests managed by Croatian forestarnddorivate forests.

When performing the survey under the LULUCF 1 project Approach 3 and wall to wall mapping was
applied in identification and traceability of areas that were subject of deforestation activity in period
19902012.

For a start, in case of stadevned forests, all permits officially issued by the Ministry of Agriculture for

the purposes of extraction of forests from forest management area in Croatia and its conversion to other
land use were collected and then chedheatder to secure that areas which were deforested were forest
according to the thresholds set by Croatia iNFCCC reporting purposes. Issuing of permits for
exclusion of forests from forest management plans and its use for purposes other than tfor fores
management has been regulated by provisions of Forest Act. Then, data and information recorded in
each single permit that referred to forest area according tdNRECCdefinition had to be checked on

a level of forest stlsompartment in each single management unit verifying that deforestation allowed
by permit was executed on the field. In this work were used:

- old scanned and recently digitized map of forest management units
- Croatian base map 1:5,000

- topographic maps 1:25,000

- digital orthaphoto

- digital cadastral maps

In order to avoid situation that some of deforested areas are not identified because they were not subject
of permitting (i.e. due to War disturbance), additional checking was performed on fields on a level of
single management unit. Identified deforestedas not covered by permitting had to be officially
mapped and registered for the purposes of this reporting.

280G 12/2008, Article 1.

®D. Janeg, G. K o v aldentification ofdefordstedjarehs in(Ceoatia dcgording to the requirements of
Article 3.3 of the Kyoto Protocol
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An example on identified deforested area is showFigare 6.315.

area
)

Figure6.315: Map of forest management unit with deforested
unit APogegka gorao, total deforested area 22.47 ha
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Gospodarska jedinica "PoZeéka Gora"

Deforested areas in the period 1989112 in private forests were identified on the level of forest sub
compartment in each single forest office by using maps of forest management units or by cadastral maps
in cases where forest management program forterieaests has not been developed yet. Areas had to

be officially registered and in cases that they were not mapped before, this had to be performed for the
purposes of this reporting.

When collecting data and information on deforested areas (regardless the ownership type) regional forest
offices had to provide all information and data requested by specially designed Questionnaire for the
purposes of KP reporting besides the mappingefdrésted areas. Data and information requested by
questionnaire were) the name of Forest Administratioln) the name of Forest office) the name of
management unit (FMUY) FMU code;e) information about the ownershif);year of deforestatiorg)
compartment codd)) subcompartment codé) subcompartment size arey;size of subcompartment

area deforested) management typd) growing stock deforestedy) reason for deforestation. In part

of questionnaire that refers to management type additional data were collected providing information
about species of coniferous and deciduous types of forests and informatiorMalopiig and shrub.



Also, part of questionnaire that refers to growing stock deforested was further subdivided into coniferous

and deciduous part.

The whole process was performed in several steps on different levels of Créaitésts Ltd.
administration. In order to support CroatldNFCCCreporting, new recording system for identification
and traceability of deforested lands after 2012 was introduced.

The esult ofthe work on tracing theé~orest land converted to Settlemdats beermpresented imable
6.3-1 while the result of the total Forest land converted to other categories of land (Settlantent
Cropland) has beeresented Figure 6.86.

Table 6.31: Forest area converted to SettlemégRtsSl) in period 1992024 (kha/year)

Deciduous| Coniferous| and
1990 0.09 0.13 0.00 0.22
1991 0.09 0.12 0.00 0.21
1992 0.08 0.12 0.00 0.20
1993 0.08 0.11 0.00 0.19
1994 0.10 0.14 0.00 0.24
1995 0.09 0.13 0.00 0.22
1996 0.09 0.13 0.00 0.22
1997 0.08 0.13 0.07 0.28
1998 0.14 0.17 0.07 0.38
1999 0.16 0.16 0.07 0.39
2000 0.30 0.18 0.08 0.56
2001 0.34 0.20 0.35 0.89
2002 0.42 0.30 0.38 1.10
2003 0.47 0.32 0.41 1.20
2004 0.60 0.36 0.53 1.49
2005 0.70 0.39 0.72 1.81
2006 0.75 0.40 0.98 2.13
2007 0.78 0.44 0.97 2.19
2008 0.90 0.50 1.06 2.46
2009 0.99 0.51 1.07 2.57
2010 1.05 0.57 1.12 2.74
2011 1.06 0.59 1.12 2.77
2012 1.11 0.68 1.12 291
2013 1.17 0.68 1.15 3.00
2014 1.16 0.65 1.15 2.96
2015 1.22 0.65 1.15 3.02
2016 1.23 0.67 1.15 3.05
2017 1.23 0.66 1.08 2.97
2018 1.18 0.61 1.08 2.88
2019 1.19 0.61 1.08 2.88
2020 1.06 0.59 1.08 2.73
2021 1.06 0.57 0.83 2.46
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WEGIS
Year Deciduous| Coniferous| and Total
shrubs

2022 1.06 0.56 0.80 2.43
2023 1.08 0.56 0.77 2.41
2024 0.97 0.50 0.66 2.13
Total 24.09 14.10 22.10 60.29

Figure 6.316: The spatial distribution of deforested land in perio412®4 (areas marked in brown)
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Based on the CLC data on LUC areas and the informa@amed through LULUCF 1 projean
deforestation areas it was concluded that LUCs in settlements come from the Forest Land, Grassland and
Cropland category. According to the specially designed CLC-2996 database of changes and other

CLC database of changdf% of the settlements area increase based on agricultural land comes from
cropland an®5% from grassland subcategories. The area coming from cropland was divided into annual
cropland and perennial cropland according to the share of these lamd tasalscropland (0.9 vs. 0.1).

The annual increase in the settlements area coming from forest land was recorded based on the data
delivered by the Croatian Forests Ltd.

6.3.6. Other Land (4.F)

To present the category of other land area in Croatia data presented in CLC the database (years 1980,
1990, 2000, 200&012and 2013 were examined.

According to the definition of CLC classes, the following areas were included into this land use category:
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- Beaches, dunes, sands

- Bare rocks

- Sparsely vegetated areas
- Burnt areas.

According to CLC, the total other land category ranged betw&dri8and80.26 kha in the period 1990

2022, which does not match the available area of the total area of Croatia due to area consistency with
the area of total Croatia and those of the othercaibgories. Total area of other land is reported
according to the006 IPCC Guidelineas the difference between the area of all land use categories
except other land and the total area of Croatia.

Table 6.9:1 presents activity data for Other Land. As can be seen, there are annual decreases of the area
of other land.

The other land category has been included into the key category. The analysis using Tier 1 and Tier 2
Level and Trend methods excluded other land as a key category. The uncertainty of this subcategory has
not been defined.

The calculation of data for category 4.F was included in the overall QA/QC system of the Croatian GHG
inventory.

The uncertainty assessment model applied in Croatia does not include the other land category into the
calculation. Inclusion of this category of land into the uncertainty estimate is planned as one of long
term improvements in Croatian LULUCF reporting.

6.4 Forest landCRT category 4.A)
6.4.1. Description

Under this land category, G@missions/removals from living biomad$ssoil, litter, dead wood (DW),

and Harvested Wood Products (HWP) in the subcatedéniest land remaining Forest larahd from

Land converted to Forest lartthve been reported. Foarbonstock changef§CSC)in dead organic
matter(DOM) and in soil ofForest land remaining Forest larttle IPCC GPG Tier 1 approach is used
which assumes no C stock changes in these pB@lsand noRCO, emissions due to wildfires are
estimated and reported for tRerest land remaining Forest larehdLand converted to Forest land
separately based on the data and information that are gained through the survey under the LULUCF 1
project. Emissions for total category of Forest land are presented in Table 6.4.1 and detailed description
of conducted survey is presented in Chaptes.@&iissions due to fires are presentediable 6.4.2.

Regarding the areas affected by forest fires, Croatia informs that cut volume on these areas has to be
separately recorded as-salled random yield and it refers to the partially burnt and harvested. wood
After the conducted consultation with the forest experts, it was concluded that 60% of the biomass is
fully burnt during the forest fires, while the remaining 40% is only partially burnt.

According to theOrdinance onForestManagemen{OG 97/18, 101/18, 31/20, 99/pprovisions, all
areas subject of natural disturbances needs to be remediated and prescribed forest activities must be
performed securing that forest area remain forest area.

30 Below ground biomass is combined with the above ground and thus the notation key IE is used for below ground biomass.
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Figure 6.41: Trend ofForest land and LUC toForest land in period 1998024 (kha)
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CO, removalby sinksfrom Forest land remaining Forest larid 2024 are-4,537.55kt CO, andfrom
Land converted to Forest [an828.49kt CO.. Therefore, share of remosdtom Land conversion in
Forest landand makes onl$.7 %.

Annual emissions/removals* from each land use categdfgriest land are presented in Table-5.4

Table 6.4-1: Emissions (+) / removals(-) of COz in Forest land category (kt GD
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1990 -6,515.85 -6,483.14 -32.72 0.00 -32.72 NO NO NE
1991 -8,211.37 -8,181.73 -29.65 0.00 -29.65 NO NO NE
1992 -8,538.73 -8,508.54 -30.19 0.00 -30.19 NO NO NE
1993 -8,796.30 -8,767.19 -29.10 0.00 -29.10 NO NO NE
1994 -8,605.11 -8,574.74 -30.37 0.00 -30.37 NO NO NE
1995 -9,017.54 -8,986.34 -31.20 0.00 -31.20 NO NO NE
1996 -8,815.84 -8,784.58 -31.26 0.00 -31.26 NO NO NE
1997 -8,340.22 -8,307.38 -32.84 0.00 -32.84 NO NO NE
1998 -8,382.85 -8,350.31 -32.53 0.00 -32.53 NO NO NE
1999 -8,562.11 -8,529.44 -32.66 0.00 -32.66 NO NO NE
2000 -8,355.17 -8,320.50 -34.66 0.00 -34.66 NO NO NE
2001 -8,427.57 -8,392.43 -35.14 0.00 -35.14 NO NO NE
2002 -8,586.38 -8,550.83 -35.56 0.00 -35.56 NO NO NE
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2003 -8,367.19 | -8,330.48 | -36.71 0.00 -36.71 NO NO NE
2004 -8,226.46 | -8,190.27 | -36.19 0.23 -36.43 NO NO NE
2005 -8,343.77 | -8,335.91 | -7.86 0.42 -8.28 NO NO NE
2006 -8,252.41 | -8,232.90 | -19.51 0.00 -19.52 NO NO NE
2007 -7,740.79 -7,726.20 -14.59 -0.17 -14.42 NO NO NE
2008 -7,645.03 | -7,584.00 | -61.03 -1.24 -59.79 NO NO NE
2009 -7,978.36 | -7,937.91 | -40.45 -1.63 -38.82 NO NO NE
2010 -7,799.70 | -7,733.17 | -66.53 -2.68 -63.85 NO NO NE
2011 -6,787.11 -6,717.75 -69.35 -4.40 -64.95 NO NO NE
2012 -6,651.43 | -6,525.72 | -125.71 -5.26 -120.44 NO NO NE
2013 -6,674.82 -6,542.89 -131.93 -7.58 -124.35 NO NO NE
2014 -6,382.90 | -6,232.78 | -150.12 -7.85 -142.27 NO NO NE
2015 -6,039.54 | -5,837.59 | -201.94 -7.06 -194.88 NO NO NE
2016 -5,887.65 -5,591.18 -296.47 -20.27 -276.20 NO NO NE
2017 -5,667.24 | -5,393.96 | -273.28 -20.27 -253.01 NO NO NE
2018 -5,585.96 | -5,273.63 | -312.33 -20.27 -292.06 NO NO NE
2019 -5,853.48 | -5,522.86 | -330.62 -20.27 -310.35 NO NO NE
2020 -6,320.02 | -5,985.24 | -334.78 -20.27 -314.51 NO NO NE
2021 -5,983.18 | -5,649.88 | -333.30 -20.27 -313.03 NO NO NE
2022 -5,681.80 | -5,346.00 | -335.81 -20.27 -315.53 NO NO NE
2023 -5,892.50 | -5,563.65 | -328.85 -20.27 -308.58 NO NO NE
2024 -4,866.03 | -4,537.55 | -328.49 -19.80 -308.68 NO NO NE

*without emissions from biomass burning

Table 6.4-2: EmissiongCOz-eq) from wildfiresfor period 199€2024

Area burnt COz emissions CHa4 emissions N20 emissions

e (ha) (kt) (COz-eq (k1)) (COz-eq(kt))
1990 482.15 16.11 1.73 0.91

1991 1,291.45 43.14 4.63 2.42

1992 5,863.79 195.89 21.03 11.01

1993 14,101.90 471.09 50.58 26.48

1994 4,591.34 153.38 16.47 8.62

1995 3,010.79 100.58 10.80 5.65

1996 6,493.73 216.93 23.29 12.19
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Area burnt

CQOz emissions

CHs emissions

N20 emissions

Year
(ha) (k) (CO2-eq (k1)) (COz-eq(k1))

1997 6,884.57 229.99 24.69 12.93
1998 17,092.83 571.01 61.30 32.10
1999 1,829.71 61.12 6.56 3.44
2000 37,363.79 1,248.19 134.00 70.16
2001 6,879.85 229.83 24.67 12.92
2002 2,413.60 80.63 8.66 4.53
2003 15,395.45 514.30 55.21 28.91
2004 839 28.03 3.01 1.58
2005 912.5 30.48 3.27 1.71
2006 2,322.00 77.57 8.33 4.36
2007 12,574.66 420.07 45.10 23.61
2008 3,642.58 121.69 13.06 6.84
2009 2,043.60 68.27 7.33 3.84
2010 687.67 22.97 2.47 1.29
2011 6,478.26 216.41 23.23 12.16
2012 15,270.09 510.12 54.77 28.67
2013 614.97 20.54 2.21 1.15
2014 78.83 2.63 0.28 0.15
2015 4,067.94 135.89 14.59 7.64
2016 2,829.01 94.51 10.15 5.31
2017 25,273.87 844.31 90.64 47.46
2018 291.71 9.74 1.05 0.55
2019 733.42 24.50 2.63 1.38
2020 12261.23 409.60 43.97 23.02
2021 1644.28 54.93 5.90 3.09
2022 11287.13 377.06 40.48 21.19
2023 299.68 10.01 1.07 0.56
2024 4686.9 156.57 16.81 8.80

6.4.2. Methodological issues

6.4.2.1. Forest land remainingorest land (4.A.1)

The dataset required for presenting the biomass carbon stock change encompasses the entire period from
19902024 and the main data source is theneraForest Management Area PlayefieraFMAP 2016

2025). Data are divided based on the forest type upon which the related emission/removal calculation
was performed using primarily Tier 1. Thus, estimation is performed for coniferous, deciduous and out

of yield forests Maquisand shrub) and data are presente@RT the same way.

A) Changes in the carbon stock in the living biomass
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The calculation refers only to living biomass. The C stock changes of the other pools (dead wood, litter,
soil) are reported according to IPCC Guidelines Tier 1, no C stock change is assumed.

Shortly, the calculation can be presented as follows:
PCre= (éﬁi@- CpGFLj

where:
annual change in carbon stocks in living biomass (includes abo\
P Grie = below ground biomass) in tierest land remaining forest lan&yr
1
P Gryj
= annual decrease in carbon stocks due to biomass loss,
where ) 1 - broadleaved

2 - coniferous
31 Maquisand shrub

The activity data for C@emission/removal calculation includes data on forest area, increment and
harvest Methodological issues are explained in detail below.

Based on the ERT recommendatipthe data collected through the first National Forest inventory
conducted in period 2068009 on the plot level (CRONFI) were thoroughly examined. Through the
CRONFI only the data referring to aboveground biomass and dead wood pools were collectdiae while
data relevant for the estimation on carbon stock changes in other.pdoéow ground biomass, litter,

soil andHWP were notollected within the CRONFI procedduring the analysis it was realised that

most methodsised for the collection of relevant data during the CRONFI process differed from the
methods used for forests plans/programs development (i.e., the intensity of forest measurements for the
CRONFI purpose (grid 4 x 4 km)). Therefore, the results are nopahle with the survey used for

the preparation of forest management plans/programs (measuremeb¥%oaof2he total forest area or

the measurement of all trees in stands that are subject of final cutting). In addition, the General FMAPs
as well as otheiorest programs/plans are developed every ten years regularly since many decades while
CRONFI was performed once so far. Due to the differences in method applied, it was concluded that
only the data on dead wood stock on deforested areas can be ukedfdDIRCCC reporting purposes.
However, it was concluded that even for these data separate project needs to be initiated in order to
prepare data for this reporting. This project was executed in 2018 and DW CS data has beethased for
reporting.

Forest area
Data on forest area are in line with the relevant definitions and therefore exclude afforested area.

Increment

Following recommendation given by ERT during thegunty review 2012 Croatia decided to apply

same approach to calculate carbon gains in increments for all forests regardless the ownership structure.
For this reporting purposes, Croatian forests delivei@a about increment presented as per ha value

for all foresttypesandownership.

Increment in Croatia is measured during the developmént@dt management plans for specific forest
management units, on defined sampling points. Based on the forest legislative acts, the growing stock
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and increment of all trees that are above the assessmendlmit{0 cm) are measureblethodology

for increment estimation is based on the measurement of tree cores, and it is prescrib@ddigahee

on the forest managemefbr each forest management unit, time series of percentage volume increment

by diameter classes are calculated. For each tree species, increment series are developed considering the
dominant tree species of the stand, age class, site quality, managgstent, and silvicultutdorm.

According to theDrdinance there is an obligation to4measure the tree cores and update the increment
series at least every 20 years, or earlier if significant deviations are ideitdradhlidation, an analysis

is also conducted during the development of a new forest management plan, i.e., a comparison is made
between the net difference in growing stock obtained from the new measurement and the growing stock
from 10 years ago, as wel$ the volume of harvested trees.

Growing stock and increment are not measured for the first age class because wittiediis class

are below 10 cnn diameterIn casehatthere are remaining trees above 10 cm, gr@wingstock and
increment aralsoassessed (this applies to those forest stands where trees were left after t, final
due to FSC obligations). Therefore, different values are not taken for different age classes. Also,
increment has not been measured in first age classes trees and dategdryield forestémaquis and
shrub). For LULUCF reporting, the expert judgenisutsed for defining increment maquis and shrub
forests.Data provider for increment in all forest types in Croatiapaowided byCroatian Forests Ltd.

that disposes with forest relevant data for all forests in Croatia (regardless the ownership type).

Data are presented @€RT tables for coniferous, deciduous, and of yield forestsaquisand shrub)
without previously used disaggregation on forest ownerships. Emissions/removals in this category of
land are calculated for forest areas in Croatia regardless the ownership type.

Since the War period, in Croatia there is an active process of returning previously confiscated forests to
private ownerd which makes difficult to follow difference in area based on ownership structure which
was one of reasons for performing estimation of emissions/removals for whole Croatia without
separating forests based on forests ownership.

Table 6.4-3. Increment by forest type, intha

0]

=]

(=}

=]

=)

o

)

[a)]
1990 4.97 5.23 0.20
1991 5.02 5.29 0.20
1992 5.06 5.36 0.20
1993 511 5.42 0.20
1994 5.15 5.48 0.20
1995 5.20 5.55 0.20
1996 5.24 5.61 0.20
1997 5.30 5.57 0.20
1998 5.36 5.54 0.20
1999 5.42 5.50 0.20

31 Draft strategy for management and disposal of property of the Republic of Croatid@.See list of References
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2000 5.48 5.46 0.20
2001 5.54 5.42 0.20
2002 5.60 5.39 0.20
2003 5.66 5.35 0.20
2004 5.72 5.31 0.20
2005 5.78 5.27 0.20
2006 5.84 5.23 0.20
2007 5.82 5.24 0.20
2008 5.80 5.25 0.20
2009 5.77 5.26 0.20
2010 5.75 5.27 0.20
2011 5.72 5.28 0.20
2012 5.70 5.28 0.20
2013 5.68 5.29 0.20
2014 5.65 5.30 0.20
2015 5.63 5.31 0.20
2016 5.60 5.32 0.20
2017 5.64 5.34 0.20
2018 5.68 5.28 0.20
2019 5.72 5.34 0.20
2020 5.78 5.27 0.20
2021 5.71 5.29 0.20
2022 5.68 5.27 0.20
2023 5.68 5.33 0.20
2024 5.64 5.42 0.20
Harvest

The carbon loss due tmarvest (felling)is calculated using Tier 2 and equation 2.12 {2006 IPCC

Guidelines

Table 6.4-4: Annual harvest in fper ha for deciduous and coniferous forest type

1990

[4)
>
o
=]

S
=)
o)

[a)]

2.57

Coniferous

3.00

1991

1.97

221
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1992 1.88 217
1993 1.82 2.26
1994 1.95 2.34
1995 1.85 2.08
1996 1.96 2.33
1997 2.22 2.39
1998 2.24 2.46
1999 2.25 2.24
2000 2.37 2.39
2001 2.39 2.54
2002 2.36 2.73
2003 2.49 291
2004 2.57 3.30
2005 2.59 3.10
2006 2.64 3.62
2007 2.82 3.68
2008 2.86 3.67
2009 2.71 3.48
2010 2.79 3.28
2011 3.15 3.81
2012 3.20 3.83
2013 3.13 4.29
2014 3.20 4.67
2015 3.36 451
2016 3.43 4.67
2017 351 5.01
2018 3.53 5.89
2019 3.50 5.46
2020 3.42 4.82
2021 3.54 4.45
2022 3.67 391
2023 3.59 3.94
2024 4.02 3.68

Croatia uses national values for wood densities for coniferous, deciduoMmguaand shrub species
based on the scientific papers and published data.

Since felling already include the volume cut after natural disturbances, carbon losses due to natural
disturbances are allocated within the carbon losses due to felling. Therefore, notation key IE was used
in theCRT tables (se€hapter 6.4.1).
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In Croatia, a substantial share of forest land consists of mixed, uageenbeedHir forests
(approximately 12% of total forest area) which are managed under forestry with continuous cover. For
reporting purposes these mixed stands are classified augoocthe dominant tree species in growing
stock: stands with more than 50% fir are reported as coniferous forest, while those with more than 50%
beech are reported as deciduous forest. As a result, relatively smathrinteal shifts in species
dominane can lead to reallocation of area between deciduous and coniferous categories. Since forest
area is a key parameter for estimating carbon gains and losses, such reallocation directly influences
reported results. Furthermore, different calculation faodBESFs, rootto-shoot ratios, wood density,
carbon fraction values) are applied depending on forest type which can cause apparent inconsistencies
between harvest levels and reported gains. Consequently, years with higher harvest may coincide with
higher reprted gains even when increment values are lower.

Data used in the C@mission/removal calculation are presented in Tabl®6.4

Table 6.45: Data used in the C@mission/removal calculation

R e O <
Foresttype | (WD)

tonnesym.m? dimensionless| dimensionless| dimensionless| (tonnesym)?
1.2

Deciduous 0.56

0.23 1.19 0.48
Coniferous 0.39 1.15 0.29 1.04 0.51
Out of Yield
(Maquis and| 0.68 1.1 0.46 1.15 0.47
shrub)

*d.t.7 Dry matter BEFi Biomassexpansiornfactors, R* Root toshoot ratio, CH Carbon friction

According to the harvest practices applied in Croatia, in period of last five reporting years 14.5% of
harvested volume is left on the site in case of deciduous forests and 20.1% in case of coniferous forests.
Number of total volumes harvested in thesetygfe of forests were corrected with corresponding
percentages.

Based on the wood densify’¥D) values available through the nationally conducted scientific
investigation¥and share of species in totbwing stock in Croati, it is estimated that wood density

in deciduous species is 0.558 t d.m/ha and®138.m/ha in case of coniferous species. For these
estimations, wood densities of absolute dry wood per fresh volughé\{g) were used except in case

of common hornbeam wood density where value for wood density in absolute dry was used and corrected
by the shrinkage factor of 17.2%

In case of common fir, it was concluded that wood density is highly dependable on geological basis and
amounts of 0.37 t d.m/for 0.405 t d.m/rhdepending on whether common fir appears on silicate or
limestoné®. Since there is no exact data about area of common fir on silicate and limestone, mean value
of 0.387 t d.m/miwas used when calculating contribution of common fir wood density to the wood
density of coniferous species in general.

2S5cientific papers of Badj un, Horvat, Sinkovil, Govorlin, Gt
33 Forest Management Area Plan of the Republic of Cr@a62015.See list of References
¥“gscientific paper of Sinkovil, .Govor|in and Sedlar. See |i:

35 Scientific paper of Horvat. See list of References
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It was concluded by expert judgement that oriental hornbeam should be used as representative specie
of Maquisand $irubsforests. Wood density of hornbeam in absoluté®dmere used and corrected by

the shrinkage factor of 19.7% to calculate wood density of absolute dry wood per fresh volume. Since
shrinking factor for oriental hornbeam was not subject of scientific investigation on national level so far,
shrinkage factor etermined on national level as valid for @GHrpinusgenus was usét

Carbon fraction (CF) anabot to shoo{(R) factors are defined fror2006 IPCC Guidelinewith Table
4.3andTable 4.4used in the estimation. For selecting values ftalote 4.4nationally available data on
growing stocks for deciduous and coniferous forest types has been used, while for maquis and shrub
forestsliterature value has been appli&ihce the2006 IPCC Guidelinedoes not provide data on BEF

1 and BEF 2, and allows its use when national wood density data are available, in case of this factors
Croatia usedPCC GPGLULUCF 2003 Guidelingsas follows:

1 BEFR values fordeciduougvalue of 1.2)coniferoug(1.15) andMlaquisand shrubg1.1) forest
types Table 3A 1.10.

1 BER values fordeciduouqTable 3A 1.10.). Default value of 1fdr deciduouss corrected
with % of wood that remains in forests after harvesting operati@s&¢ on the average amount
of wood left on the harvesting sites1.5% in the period of last 5 years.). Corrected value used
for calculation is 1.197. Default BEE value for coniferousis 1.3 butthat value wasalso
corrected with % of wood that remains in forests after harvesting operatiassd(on the
average amount of wood left on the harvesting s@4% in the period of last 5 years).
Corrected value used for calculatiorli®387°. BEF, value forOut of the yieldorest type, 1.15
is used as the lowest value from Table BAO.

In order to avoid overestimation, Croatia corrected the,Bfakies provided in the 2003 GPG using
national data on harvest residues left on the site after harvesting operations are carried out, data on
extracted fimerchantable volumed and records of
national legislatn, following tree biomass parts remain at the harvesting sitevaoel residues below

7 cm in diameter, stumps, tree tops and all other wood residues that are produced during the production
of forest wood assortments.

Harvested volume H (ffha) used in the estimation of biomass losses (eq. 2.12) includes whole stems
(dbh>10 cm) with stump, bark, and branches up to 7 cm in diameter. H consists of the merchantable
wood part and wood residue part, which is left on the forest site. Small wesidye sucls branches

thinner than 7 cm and occasionally felled trees of dbh<10 cm (e.g. from preparatory cuts as part of stand
regeneration) are not officially recorded.

Given that BEE refers to total aboveground biomass, including industrial roundwood, fuelwood, and
harvest residues, BEFactors were adjusted to account the portion of harvested biomass (small woody
residues) that remains on forest site following harvest and extraction operations. Specifically, share of
biomass that is not removed from the forest, such as small branehlesabd other wood residual
material left on the harvest site should be excluded from the removed biomass estimate and instead
allocatd to the deadwood (DW) carbon pool, in accordance with IPCC Guidelines. This adjustment
ensures a more accurate representation of carbon fluxes and biomass utilization, reflecting both national
harvesting practices and speesggcific differences in redile management.

Biomass pool is significant pool of trssbcategoryBEFs on the national level should be further defined
as a part of a new project that will be develaopBdat would increase transparency and accuracy of

%Scientific paper of Govorlin, Sinkovili, Trajkovili, Gefc.
Mal i gdamédmsiKd&ki prirulni.k. See |list of References

38 BER2 corrected= (1.4- (1.4*0.145)).

39 BER corrected= (1.3'(1.3*0.201)).



reporting in the future. For ngWCroatiausescorrection on default BERvaluesfrom IPCCGuiddines

2006.

For the estimation of CSC changes in biomass pool CroatigQaed ossmethod and the Equations

2.7 8)(,pQ ¢),2.1( (GdzaL) and2.12 (Lwoodremovald, from the 2006 IPCC Guidelines
The detailed overview of the approach is shown below:

PG
PG
where:

PG
PG
PC

PG

BEFR

D1

CF

o

Lwood-removals

where:

o

A
H

BER

Dr

P G- PC equation 2.7
., (Aijx lvx BEFR x D1 x (1+R) x CH, equation 2.9

annual change in carbon stocks in biomass, tonnes C yr
annual increase in carbon stocks due to biomass growth’, C yr
annual decrease in carbon stocks due to biomass losses, C yr

annual increase in carbon stocks due to biomass growth in fores
remaining forest land by vegetation type and climatic zone, tont

yrt

area of land remaining in the same larsgé category, ha
ecological zone (i=1 to n)

climate domain (j=1 to n)

average net increment for specific vegetation typdyahyr?

biomass conversion and expansion factor for conversion of net ¢
increment in volume (including bark) to above ground biomass gr
for specific vegetation type, tonnes abareund biomass growth
annual increment)

basic wood density

ration of belowground biomass to aboygound biomass for a speci
vegetation type, in tonne d. m. below ground biomass (tonne
aboveground biomass)

carbon fraction of dry matter (tonne d:tn)

Lwoodremovals‘"quelwood+Ldisturbance

FH x BEFR, x Drx (1+R) XCF, equation 2.12

annual decrease in carbon stocks due to biomass losses in fore
remaining forest land

area of land remaining in the same lars# category, ha
annual wood removal, roundwood¥ha

biomass expansion factor for conversion for wood removal ch
removals)

basic wood density
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ration of belowground biomass to aboygound biomass for a speci
R = vegetation type, in tonne d. m. below ground biomass (tonne
aboveground biomass)

annual biomass loss due to fuelwood removals, tonnes,@guation

L fuelwood = 213
_annual biomass loss due to fuelwood removals, tonnes,@qguation
Ldisturbance - 2 14

B) Changes in the carbon stock in the dead organic niadtead wood

As regarding the calculation of carbon stock change in this pool, Croatia uses IPCC Tier 1 approach
assuming that there are no changes in the dead wood stock in all mioragesand that DW pool in
FI-FI subcategory is not a source of emissions

T h e p rDeterraiming thé deadwood pool carbon stocks based on new surveys at 2006 deadwood
samplingsite8 was finalized in 2025. Within this proje
collected to ensure compliance with the LULUCF Regulation which requires Member States to calculate
CSC in the DW pool when defining thecalculation ofForest Reference Level (FRL). Data were

collected usingnational forest inventorigsSRONFI 1 and CRONFI 2However, not all forest areas were

included during thé-RL estimationfor more info please see Croatian NFA&cumen®). A detailed

analysis of this dataset, including the determination of CSC in the DW pool for thé& Eategory is

planned for the NIE2027 reporting.

C) Changes in the carbon stock in the dead organic mditter

As regarding the calculation of carbon stock change in this pool, Croatia uses IPCC GPG Tier 1 approach
assuming that there are no changes in the litter stock in all managed forests.

D) Changes in the carbon stock in Hod pool

There was no change regarding the forest management in the past 20 years. Because of that it is assumed
that the average carbon stock in Croatian soils is stable following the approach of the IPCC 2006 Tier 1
methodology.

6.4.2.2. Land converted to Forest land (4.A.2)

Emission/removals from land conversion activities have been calculated using the IPCC Tier 2 method
for living biomass, sail, litter andead woogools for the entire period from 192024.

The related definition of Land converted to Forest land is provided in ChapterAc2drding to the

national legislationthe forest land definition wais line with the 2006 IPCC Guidelines. However,
definition of forest area in the national context has a broader framework than defined by Croatia within
selected values for the purposes of reporting undedieCCC By the national framework forest land

with tree cover (forests) and without tree cover (land under the forest management) constitotesone f
management area which is sustainable managed based on the FMAPs regardless the ownership type,
purposes, forest stands etc. (see Chapter 6.3. for detail explanation).

Therefore, the area under tferest landaccording to the criteria set f&/NFCCC reporting is not
identical to forest management area in the national framewaylre 6.42).

40 National Forestry Accounting plan for the Republic of Croatia, 2019.
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Croatian forest land area for the purposedJbiFCCC reporting refers to the area of high forests,
cultures, plantations, coppice, maquis and shrub forests.

All forests fulfilling the definition of forests as defined Trable 6.41 are managed since the entire
Croatian forest area is defined as managed forest lands.

Figure 6.42: Forest land area under the UNFCCC and within the national framework (based on the relative share of forest
types in total forest management area in Crpatia
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The basic input data for the estimation of emissions/removals was thef éaed converted to Forest

land @fforestedand). To identify complete afforested areas, both types of afforestation were included

in the survey as defined by 2006 IPCC Guidelines: afforestation by seeding and planting and
afforestation due to human induced promotion of natural seed sources. The asweynducted within

t he f r ame wo imgroviog Crogtiarorgperting in Band use, Land use change and Forestry
(LULUCEF) sector in the First commitment period of the Kyoto Protocoll LULUCF 1) t o con
requirements, set in ARR 2012. The projees initiated by Ministry of Environmental and Nature
Protection (nowMinistry of environmental protection and green transjtitmough cooperation with

relevant institutions.

All data and information concerning afforested areas are presented in a separate dbasimeatof
outcomes of the projecthe survey conducted during the LULUCF 1 project addressed the issue of
increasing forest area in a way that:

1. Forest area increases the basis of afforestation that happened befétddnuary 1990 was
determined (e.g. in 1993 a regulafibby the Croatian law gave the obligation to Croatian
Forests to take over all existing forest land covered under previous forest management plan and
also from other enterprises). The background for this law was that all forest area in Croatia
should be undeforest management plans. As a result of this law also mature forests were for
the first time counted as forest land under the new forest management plans. Croatia counted
these landsinder FI-FL subcategory

41 Janeset al. (2014) Separation of areas under the Article 3.3 and 3.4 of the Kyoto protocol. See list of References

42 The Regulation on amendments to the Law on Forests (OG 14/93, Article 18) and Law on amendments to the Law on
Forests (OG 76/93, Article 22)
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2. Afforestation and the former land use aftédanuary 1990 and direct human induced LUC were
identified. These areas amgistered under the Land converted to Forest land subcategory with
the exact type of conversion starting from 1990.

3. Afforestation not direct human induced were examined. There is no afforestation in Croatia that
can be considered as not direct human induced.

All forests regardless the type and ownership were included in the survey. The same Booedure
applied for years 2012024.

In the part of survey that concerns identification and traceability of areas that were subject of
afforestation, by the survey both types of afforestation as defined by IPCC were covered: afforestation
by seeding and planting and afforestation due to huntluted promotion of natural seed sources. The
survey was performed in dibrestareas the ownership and forest types. Pursuant to Article 27 of the
Ordinance on forest management, afforestation in national circumstances is the activity within the forest
regeneration and it refers to establishment of forests (afforestation) eforeshland and to the
establishment of plantations of fagowing species. Forest regeneration is a part of the Forest
Management plans/programs (FMAPSs) and thus afforestdtioe by seeding and planting is clearly
human induced.

The Approach 3 and wall to wall mapping was applied during the survey for collecting data and
information on areas afforested through seeding and planting regardless the ownership and forest types.
A special Questionnaire was designed for this purpose. &t information requested by questionnaire

were collected at two levels of forestry administrations:

1) The level of Forest Administration such as: a) the name of Forest Administration; b) the
name of regional Forest office; ¢) the name of management unit (FMU); d) FMU code

2) The level of regional forest office providing the data and information at the time of
afforestation e) Period of validity of forest management program; f) year of
afforestation; g) compartment code sipcompartment i) subcompartment size area,

j) size of subcompartment area afforested

3) The level of regional forest office providing the data and information at present time
such as: k) period of validity of forest management plan/program; I) compartment code;
m) subcompartment code; n) size of sabmpartment area afforested; o) GIS
afforested area.

The questionnaire was designed to review all previously data reported by Croatia ubdér @@ and

KP, and to develop a uniqgue map of areas afforested in Croatia through seeding and planting in period
19902012. After the LULUCF 1 project was finalized in 2015, new recording system was introduced

in database system of Croatian forests Ltd. in orderupppat Croatian KP reporting in part of
identification and traceability of lands that are subject of afforestation and deforestation activities and
securirg application of Approach 3 in the reporting during the 2nd Commitment period. Areas afforested
in Croatia through seeding and plantingariod 19962024 arepresented in Figuré.4-3.

Data and information collected at the level of Forest administration and level of regional forests offices
were merged within GIS layer of forest management types to perform final checks using the
topographical map (1:25,000) from 1970s, new topograpiriegls, Croatian base map 1:5,000 and old
management maps. An example of performed checks is presented ind=gire



Figure 6.43: Areas afforested in Croatia through seeding and planting in2@20(markedgreen
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When performing this work, all areas that were previously reported as afforestation areas and for which
was found mismatch with IPCC definition of term afforestation in fully, exclusion from the areas eligible
for UNFCCC and KReporting was done.

Figure 6.44: An example of afforested area registered on forest management map wighaittdackground layer showing
present state of areas (Forest Admi ni s-tompattmentn888ané| ov ar ,
b, year of afforestatn 1993, afforested area 10.01 ha)
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