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PREFACE

Slovenian Environment Agency (SEA) is in accordance with the Slovenian legislation
charged with both the overall coordinating of activities that are necessary for the development
of emission inventories and with implementing inventories for the purposes of reporting to
the United Nations Framework Convention on Climate Change (UNFCCC) and to the
European Commission. The Republic of Slovenia is as a party to the convention obligated to
make annual GHG emission inventories and to report them.

The National inventory report (NIR), as established by decision 18/COP.8 and revised by
decision 24/CP.19, is one element of the annual greenhouse gas inventory that is required
to be submitted to the UNFCCC by Annex | Parties to the Convention on 15 April each year.
It includes the main part of the NIR and additional information in five Annexes to the NIR:

Annex 1: Key sources

Annex 2: Assessment of Uncertainty

Annex 3: Detailed methodological descriptions for individual source and sink categories:
A.3. Energy, A.3. Agriculture

Annex 4: The national energy balance

Annex 5: Additional information — Registry (SEF, Annex A, Annex B)

The other elements of this submission include the reporting of GHG emissions by sources
and removals by sinks in the common reporting format (CRF) tables for the period 1986-
2018 and accompanied XML file.
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Executive Summary

An emissions inventory that identifies and quantifies a country's primary anthropogenic
sources and sinks of greenhouse gases is essential for addressing climate change. This
inventory adheres to both: a comprehensive and detailed set of methodologies for estimating
sources and sinks of anthropogenic greenhouse gases, and a common and consistent
mechanism that enables Parties to the United Nations Framework Convention on Climate
Change (UNFCCC) to compare the relative contribution of different emission sources and
greenhouse gases to climate change.

In 1992, the Republic of Slovenia signed and in 1995 ratified the UNFCCC. As stated in
Article 2 of the UNFCCC, the ultimate objective of this Convention and any related legal
instruments that the Conference of the Parties may adopt is to achieve, in accordance with
the relevant provisions of the Convention, stabilization of greenhouse gas concentrations in
the atmosphere at a level that would prevent dangerous anthropogenic interference with the
climate system. Such a level should be achieved within a time-frame sufficient to allow
ecosystems to adapt naturally to climate change, to ensure that food production is not
threatened and to enable economic development to proceed in a sustainable manner. Parties
to the Convention, by ratifying, “shall develop, periodically update, publish and make
available...national inventories of anthropogenic emissions by sources and removals by
sinks of all greenhouse gases not controlled by the Montreal Protocol, using comparable
methodologies...” The Republic of Slovenia views this report as an opportunity to fulfil these
commitments.

This report summarizes the latest information on Slovenian anthropogenic greenhouse gas
emission trends from 1986 through 2018. To ensure that the Slovenian emissions inventory
is comparable to those of other UNFCCC Parties, the estimates presented here were
calculated using methodologies consistent with those recommended in the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories (IPCC, 2006. The structure of this report
is consistent with the UNFCCC reporting guidelines on annual inventories for Parties
included in Annex | to the Convention. The national greenhouse gas inventory has to be
submitted to the UNFCCC Secretariat every year no later than 15 April.

The quality of greenhouse gas (GHG) inventories relies on the integrity of the methodologies
used, the completeness of reporting, and the procedures for compilation of data. To this end,
the Conference of the Parties (COP) has developed standardized requirements for reporting
national inventories.

As Annex | Party and the Party to the Kyoto Protocol Slovenia is required to report
supplementary information under Article 7, paragraph 1, of the Kyoto Protocol, with the
inventory submission due under the Convention, in accordance with paragraph 3(a) of
decision 15/CMP.1.
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1 INTRODUCTION

1.1 Background Information on Greenhouse Gas
Inventories and Climate Change

At the Second World Climate Conference in Geneva in October and November 1990, a clear
need for standard methodology for monitoring emissions of greenhouse gases was
expressed; it was to enable comparing and enhancing inventories in individual countries.
Under the auspices of OECD and International Energy Agency and with the support of the
United States of America, United Kingdom, and Norway, a draft methodology was set up.
That document comprised six direct and indirect greenhouse gases: carbon dioxide (CO5),
methane (CHa), nitrous oxide (N20), nitrogen oxides (NOy), carbon monoxide (CO), and non-
methane volatile organic compounds (NMVOCSs). The methodology was adopted in Paris in
March 1991 at the Fifth Session of the Intergovernmental Panel on Climate Change (IPCC)
and it became the starting point for individual states in creating their national inventories of
greenhouse gases.

The methodology for the calculation of greenhouse gases has been developing all the time
and is a project under development even today. In the IPCC inventory of greenhouse gases
for Slovenia, first the 1996 version was applied (Intergovernmental Panel on Climate
Change: Greenhouse Gas Inventory - Reference manual, UNEP-OECD-IEA-IPCC,
Bracknell 1996), which in some parts also takes into account emissions of direct greenhouse
gases that have been encompassed by the Kyoto Protocol (CF4, CzFs, PFCs, HFCs and
SFe). Later the inventory has been permanently improving with implementation of GPG
(Intergovernmental Panel on Climate Change: Good practice Guidance and Uncertainty
Management in National Greenhouse Gas Inventories, 2000) and the IPCC Good Practice
Guidance for Land Use, Land-Use Change, and Forestry (IPCC 2003).

The Subsidiary Body for Scientific and Technological Advice (SBSTA) at its thirtieth session
considered the use by Parties of the 2006 Intergovernmental Panel on Climate Change
(IPCC) guidelines for national greenhouse gas inventories (2006 IPCC Guidelines) starting
in 2015. Therefore the emission and removals presented since the submission 2015 have
been calculated according to the new guidelines and all emission and removals estimates
for the period 1986-2012 have been recalculated accordingly.

The guidelines for the implementation of the inventory of greenhouse gases contain
prescribed methods for calculation of emissions, providing a unified framework for reporting
and documenting sources for all inventories. One of the main aims of this method is to ensure
comparability of data gathered in individual states and that calls for a definition of at least a
minimum scope of equal methods, criteria, and estimating procedures.

The report presents estimates for the following greenhouse gases included in Annex A to the
Kyoto Protocol: carbon dioxide (CO;), methane (CHai), nitrous oxide (N20), hydro
fluorocarbons (HFCs), per fluorocarbons (PFCs) and sulphur hexafluoride (SFe), as well as
estimates for indirect GHGs, including carbon monoxide (CO), nitrogen oxides (NOx), and
non-methane volatile organic compounds (NMVOC). Data are also reported for sulphur
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oxides (SOx) and ammonia (NHs). Nitrogen trifluoride (NF3) emissions do not occur in
Slovenia and, therefore, they are not included in this report.

Global warming potential

The global worming potential (GWP) of a greenhouse gas is defined as the ratio of the time-
integrated radiative forcing from the instantaneous release of 1 kg of a trace substance
relative to that of 1 kg of a reference gas. Direct radiative effects occur when the gas itself is
a greenhouse gas. The reference gas used is CO; and therefore GWP-weighted emissions
are measured in Gg of CO: equivalents (Gg CO: eq.).

The following table 1.1.1 lists the direct (except for CH4) 100-year time horizon GWPs relative
to CO; for all GHGs included in the Slovenian inventory. This table is adapted from table 2.14
of the IPCC Fourth Assessment Report (4AR) which includes most recent GWP values and
is available on the IPCC web page:

https://www.ipcc.ch/publications _and data/ar4/wgl/en/ch2s2-10-2.html#table-2-14

Before 2015 the GWPs from the Second assessment report (SAR) have been used for
calculation of total GHG emissions in CO; equivalents while according to the COP Decision
24/CP.19 the GWPs from 4AR shall be used for all submissions started with 2015. For this
reason the both sets of GWPs are presented in the table 1.1.1.

Table 1.1.1: Global Warming Potentials (100 Year Time Horizon) from the IPCC Second and Forth
Assessment Reports.

Gas — common name | Chemical GWP from GWP from
formula SAR - old 4AR - new
Carbon dioxide CO; 1 1
Methane* CH,4 21 25
Nitrous oxide N2O 310 298
HFC-32 CH2F> 650 675
HFC-125 CHF2CF3 2,800 3,500
HFC-134a CH2FCF3 1,300 1,430
HFC-143a CHsCF3 3,800 4,470
HFC-227ea CFsCHFCF; 2,900 3,220
CF, CF4 6,500 7,390
CsFe CsFs 9,200 12,200
SFs SFs 23,900 22,800

* The methane GWP includes the direct effects and those indirect effects due to the
production of tropospheric ozone and stratospheric water vapour. The indirect effect due to
the production of COs: is not included.

Global warming potentials are not provided for CO, NOx, NMVOCs, SO, or aerosols because

there is no agreed method to estimate the contribution of gases that are short-lived in the
atmosphere, spatially variable, and have only indirect effects on radiative forcing.
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1.2 A description of the national inventory
arrangements

1.2.1 Institutional, legal and procedural arrangements

In Slovenia, the institution responsible for GHG inventories is the Slovenian Environment
Agency (SEA). In accordance with its tasks and obligations to international institutions, the
SEA is charged with making inventories of GHG emissions, as well as emissions that are
defined in the Convention on Long Range Transboundary Air Pollution within the specified
time limit. In making the inventories, the Environmental Agency cooperates with numerous
other institutions and administrative bodies which relay the necessary activity data and other
necessary data for the inventories.

Ministry of the
Environment and
Spatial Planning

NC and BR
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/' European
Commission

Agricultural Institute )

Slovenian
Environment

Secretariat

Slovenian
Forestry Institute

Environment
Agency
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Ministry of
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Finance

Figure 1.2.1: Data flows in the Slovenian Inventory System

A Memorandum of Understanding has been concluded with the Statistical Office of the
Republic of Slovenia (SORS) to submit quality and verified data to the Environmental Agency
in due time, because the time limits for inventories and the NIR have shortened with the entry
of Slovenia into the EU, since inventories and part of the NIR for the year before last must
be made by 15" of January, and with corrections and final submission of the NIR by 15" of
March. In view of this, an agreement has been reached with the participating institutions to
shorten the time limits for submitting data. For reasons of complexity, attention was mostly
focused on the Joint Questionnaires of the SORS, on the basis of which the Statistical Office
produces the Energy Balance of the Republic of Slovenia, wherein the most important data
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on the energy sector are found. All sources of data for GHG inventory are presented in the
Table 1.2.1 while the Figure 1.2.1 shows the data flows.

Table 1.2.1: Data Sources

Fuel Combustion

IPCC category IPCC sub-category Sources of data
o Statistical Office of the Republic of Slovenia:
Joint Questionnaires, Energy Balances,
1 Energy Industry -
annual energy statistics
e Slovenian Environment Agency: ETS data
o Statistical Office of the Republic of Slovenia:
2 Manufacturing Industries and | Joint Questionnaires, Energy Balances,
Construction annual energy statistics
¢ Slovenian Environment Agency: ETS data
1.A — Energy:

3 Transport

o Statistical Office of the Republic of Slovenia:
Joint Questionnaires, Energy balances

e Ministry of Infrastructure Directorate for
National Roads (DRSC)

¢ Eurocontrol

¢ Plinovodi d.o.o.

4 Other Sectors

o Statistical Office of the Republic of Slovenia:

5 Other

e Slovenian Army:
¢ Police

1.B Energy:
Fugitive Emissions

o Statistical Office of the Republic of Slovenia:
¢ Slovenian Environment Agency: ETS data
* Energy Agency

CRF 2 - |Industrial
Processes and Product
Use

CRF 2A — Mineral Products

o Statistical Office of the Republic of Slovenia:
¢ Slovenian Environment Agency

CRF 2B — Chemical Industry

o Statistical Office of the Republic of Slovenia:

CRF 2C — Metal Production

o Statistical Office of the Republic of Slovenia:
¢ Slovenian Environment Agency

CRF 2D — Non-energy Products

o Statistical Office of the Republic of Slovenia:
¢ Slovenian Environment Agency

CRF 2F — ODS Substitutes

¢ Slovenian Environment Agency

o Ministry of Finance

o Ministry of Environment and Spatial Planning
o Statistical Office of the Republic of Slovenia
¢ Health Insurance Institute of Slovenia

CRF 2G — Other product

o Statistical Office of the Republic of Slovenia
e Slovenian Environment Agency

CRF 3 — Agriculture

o Statistical Office of the Republic of Slovenia
o Agricultural Institute of Slovenia

CRF 4 — Land Use, Land

* Slovenian Forestry Institute

Use Change, and ¢ Agricultural Institute of Slovenia
Forestry
A. Solid waste disposal e Slovenian Environment Agency
o Statistical Office of the Republic of Slovenia
B. Biological treatment of solid | e Slovenian Environment Agency
CRF 5 — Waste waste o Statistical Office of the Republic of Slovenia

C. Incineration and open
burning of waste

¢ Slovenian Environment Agency

D. Waste water treatment and
discharge

e Slovenian Environment Agency
o Statistical Office of the Republic of Slovenia
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The year 2003 saw the end of the process of harmonisation of data collection among the
Directorate of Energy, Ministry of Agriculture and the Environment, and the Statistical Office
of the Republic of Slovenia. An end was put to previous parallel double collecting of data.
The competence of collecting data has, by law, passed to the SORS, which checks the data
and eliminates potential reporting errors, and submits consolidated data to the Directorate of
Energy, which has been publishing data until 2005 in its Energy Yearbook of the Republic of
Slovenia. In terms of content, the data were identical to those submitted in the Joint
Questionnaires to the IEA.

At the beginning of 2007, the agreement between Statistical Office of the Republic of
Slovenia and the Environmental Agency came into force. Accordingly, all statistical data
necessary for preparing GHG inventories are available each year by October 30 at the latest.
In exchange, ETS data and emission estimates are reported to the Statistical Office within a
defined time frame.

In 2014 the new agreement has been signed which includes more data sets and updated
time lines. However with this agreement the access and publication of confidential
information has been tightened.

Experts from the Slovenian Forestry Institute and the Agricultural Institute of Slovenia work
on GHG inventories according to the standing rules of institutes (ordinance). Financing is
assured by governmental institutions according to the yearly work plan. All data from external
institutions are submitted to the Slovenian Environmental Agency, where they are archived.

The detailed process from gathering data to emissions calculation and reporting is described
in the Manual of Procedures, which was first prepared in 2005 and further updated in 2009.
In 2014 a completely new Manual has been prepared, which follows the structure and
methodology of 2006 IPCC GL and includes also the new sources of GHG. In 2020 the
LULUCEF sector has been included in the Manual for the first time.

1.2.2 Overview of inventory planning, preparation and
management

A process of inventory preparation is designed according to the PDCA-cycle (Plan — Do —
Check — Act). This is a generally accepted model for pursuing a systematic quality work
according to international standards, in order to ensure the maintenance and development
of the quality system. This structure is in accordance with structures described in decision
19/CMP.1 and in the 2006 IPCC Guidelines. The system consists of inventory planning,
inventory preparation, inventory quality checking and follow-up improvements which are
integrated into the annual cycle and preparation as illustrated in the Figure 1.2.2.

Owing to the ever-increasing obligations of Slovenia with regard to reporting, the SEA has
decided to implement a unified system of data collection for the purposes of making
inventories, as well as secure reliable financing in accordance with the annual program of its
work.
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For submitting reports to different institutions, various report formats have been devised,
since the same data are used to report to the UNFCCC, EEA, EC, and CLRTAP. All external
reports of the SEA are prepared in accordance with ISO 9001 via the Agency's reporting
service, which keeps inventories of reports. Parallel to this, emissions data are submitted to
the SORS, which makes them available in its publications and submits them to EUROSTAT
and the IEA.

ACT April - June,

Inventory improvement

- Assessing the effectiveness of the NIS
- Prepare improvement plan

CHECK  January - April
Inventory evaluation

- Implementing QA activities
PLAN August - September

- Verification

Inventory planning — updating the
DO January - April following documents if necessary:
Reporting - Manual of procedures
- Preparing of the NIR and Annexes - QA/QC plan
- Implementing the results of QA/QC -Table with responsibilities
- Implementing the results of EU initial check - Inventory timeline

- Reporting - 15 March to EU,
- 15 April to the UNFCCC

DO October - December
Inventory preparation

- Collecting activity data

- Estimating GHG emissions and removals
- Implementing general QC

- Implementing uncertainty assessment

- Recalculations

- Reporting — 15 January

Figure 1.2.2: The inventory cycle.

Official Consideration and Approval of the Inventory

Before the inventory is reported to the EU, EEA or UNFCCC Secretariat, it goes through an
approval process. The institution designated for approval is the Ministry of the Environment
and Spatial Planning. The inventory is usually sent to the Ministry according the following
plan:

e draft CRF tables on January 3

o final CRF tables and draft NIR on March 1

o final report on April 1

Public Availability of the Inventory
The inventories are publically available on the web. Every submission is accompanied with

a short description in Slovenian language. The estimates are presented in a more simple
way with a table similar to Table 2.2.1 from the NIR. GHG emissions are also presented as
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indicator. It is very common that yearly submission of GHG inventory is followed by a press
conference, where our last estimates are presented in connection with our emission
reduction goals.

Web page address:
http://www.arso.gov.si/podnebne%20spremembe/emisije%20toplogrednih%20plinov/

1.2.3 Quality assurance, quality control and verification plan

In 2014, Slovenia developed and implemented a new Quality Assurance and Quality Control
Plan as recommended by the IPCC Guidelines (IPCC 2000 and 2006). The QA/QC plan is
part of the Manual of Procedures, elaborated in 2005 and updated in 2014. This update was
necessary due to the new methodology guidance (IPCC, 2006), which become official
guidance for GHG reporting since 2015. The manual is improved and updated regularly.

Quality Control (QC)

Quiality Control is a system of routine technical activities to measure and control the quality
of the inventory as it is being developed. The QC system is designed to:

- provide routine and consistent checks to ensure data integrity, correctness and
completeness;

- identify and address errors and omissions;

- document and archive inventory material and record all QC activities.

The final part of this system is incorporated in an Oracle database (ISEE — "Emission
inventory" information system). ISEE enables and ensures that all necessary built-in QA/QC
checks have been performed before data and emission estimates are entered in the reporting
format tables. It also keeps a record of all changes made to data in the database.

As majority of calculations are performed in the database with software generated for this
purpose, no human errors are expected. But for QA/QC purpose all emissions are also
calculated in the old way in Excel spreadsheets. Both estimates were then compared and all
differences were carefully investigated and corrected.

During development of the database, the following QC was performed:

Check of methodological and data changes resulting in recalculations
- Check for temporal consistency in time series input data for each source category.
- Check for consistency in the algorithm/method used for calculations throughout the
time series.

Completeness checks

- Confirm that estimates are reported for all source categories and for all years from
the appropriate base year to the period of the current inventory.
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- Check that known data gaps resulting in incomplete source category emissions
estimates are documented.

- Compare estimates to previous estimates: for each source category, current
inventory estimates should be compared to previous estimates. If there are significant
changes or deviations from expected trends, recheck estimates and explain any
differences.

Check of activity data, emission factors and other parameters

- Cross-check all input data from each source category for transcription errors.

- Check that units are properly labelled in calculation sheets.

- Check that units are correctly carried through from beginning to end in calculations.
- Check that conversion factors are correct.

- Check that temporal and spatial adjustment factors are used correctly.

In 2006, an additional quality control checking point was introduced by forwarding the
assessment of verified emission reports from installations included in the National Allocation
Plan to the SORS. The role of SORS is to compare data from installations included in EU-
ETS with data from their reporting system and to propose corrective measures if necessary.
The outcome of data consistency checks is used as preliminary information for the Ministry
of Agriculture and the Environment for performing on-site inspections. The use of (EU) ETS
data is described in detail in the relevant chapter on Energy and Industrial Processes sectors.

Check of emissions estimates

Every year emissions are also calculated in the old way using Excel spreadsheets and using
built-in formulas in the database. Both estimates were compared and all differences carefully
investigated. All errors were corrected and the accuracy of emissions calculations on all

levels is assured.

QA/QC checks not performed in the database:

Uncertainty

According to the QA/QC plan checks of uncertainty were performed in 2015. The checks
consisted of the following:
- Check that the qualifications of individuals providing expert judgement for uncertainty
estimates are appropriate.
- Check that qualifications, assumptions and expert judgements are recorded.
- Check that calculated uncertainties are complete and calculated correctly.
- Check that there is detailed internal documentation to support the uncertainty
estimates.

While first two QC have been performed, the last QC shows that detailed documentation is

not available for the most of uncertainty estimates. So we decided to use expert judgements
except for categories for which uncertainty estimates are available in 2006 IPCC GL.
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Preparation of NIR

- Check that all chapters from annotated NIR are included in the NIR

- Check that AD, EF and other numerical information mentioned in the text is correct
- Check all AD data is presented in the tables in the NIR

- Check all EF and other parameters used in the tables in the NIR

- Check all graphs for accuracy and presence in the whole period

- Check all titles for tables and pictures

- Check that all Annexes to the NIR are included and updated

Documentation and archiving

QA/QC checks of documentation and archiving procedures:

- Check that inventory data, supporting data and inventory records are archived and
stored to facilitate detailed review.

- Check that all supporting documentation on QA/QC procedures is archived

- Check that results of QC analysis and uncertainty estimates are archived

- Check that there is detailed internal documentation to support the estimates and
enable duplication of emissions estimates.

- Check that documentation of the database is adequate and archived.

- Check that bibliographical data references are properly cited in the internal
documentation and archived.

- Check that inventory improvements plan is updated ad archived.

Following recommendation from 2013 in country review an instruction have been prepared
to determine the form and the names of archived documents.

Quality assurance (QA)

QA generally consists of independent third-party review activities to ensure that the inventory
represents the best possible estimates of emissions and removals and to support the
effectiveness of the QC program. Since 2008 only one peer review was performed. In 2016,
we received many useful comments from the team preparing our fourth National
Communication Report. Although the comments were not presented as an official report, we
accepted many of the suggestions and corrected a number of errors.

In May 2009, a peer review of the Slovenian inventory was performed for the Energy sector.
Since then the Energy sector and Industrial processes sector is regularly checked by experts
from Energy efficiency centre (CEU/IJS).

In 2011, the peer review for the Waste sector was performed, no important errors were found.
It is quite difficult to provide a peer review of the Agriculture and LULUCF sector in Slovenia,
as experts from the main institutions (Agricultural Institute of Slovenia and Slovenian Forestry

Institute) are already involved in the inventory preparation. Nevertheless, to date, the
LULUCF sector has been reviewed three times by the external experts, namely in 2012 by

23



SLOVENIA'S NATIONAL INVENTORY REPORT 2020

the JRC, in 2014 by Zoltan Somogyi in the context of MS technical assistance, and in 2017
by Denitsa Svobodova (independent expert).

QA/QC procedures performed by other institutions (Agricultural Institute of Slovenia and
Slovenian Forestry Institute) are described in the relevant chapters in the NIR (Agriculture,
LULUCF). . Data based on agricultural statistics are mainly from SORS and the Agricultural
Institute and data based on forest statistics are produced by the Slovenian Forestry Institute
and SORS. All data have been checked.

The Statistical Office of Slovenia (SORS) is our main data provider. In 2005, the European
Statistics Code of Practice was adopted, bringing considerable changes to the SORS QA/QC
system. The main pillars (factors) of quality are defined and thoroughly described in the
Medium-term Programme of Statistical Surveys 2018-2022.
https://www.stat.si/StatWeb/File/DocSysFile/9809/MTPSS%202018-2022-eng.pdf

EU expert review of GHG emissions

According to the Regulation (EU) 525/2015 (MMR) the member states’ GHG inventories are
subject to the annual review. In the first phase of this review the European commission carry
out checks to verify the transparency, accuracy, consistency, comparability and
completeness of submitted inventories. In addition the comprehensive review is performed
every few years or more often if needed. More details are available in the Commission
implementing requlation (EU) 749/2014 in the Chapter IlI.

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

No changes have been made to the national inventory arrangements since the last
submission.

1.3 Inventory preparation, and data collection,
processing and storage

The chief source of data is the Statistical Office of the Republic of Slovenia (SORS); however,
the Slovenian Environmental Agency obtains much of its data through other activities it
performs under the Environmental Protection Act. Emissions from Agriculture are calculated
in cooperation with the Slovenian Agriculture Institute (KIS), and emissions and from the
LULUCEF sector are calculated by the Slovenian Forestry Institute (GIS).

In 2006 we have started to develop a joint database for GHGs and other pollutants: ISEE —

Information system for emission inventories. In broad terms the application has been
completed and operational since 2011, but it is still necessary to conduct regular
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maintenance and improvements. The database contains activity data, emission factors and
other parameters together with a description of sources from 1980 on for other pollutants,
and from 1986 on for GHG emissions. It contains equations necessary for calculation of
emissions and enables a direct bulk import into the CRF Reporter.

The main purpose of ISEE is:

- to enable collection and archiving of activity data, emission factors and other
parameters including descriptions of sources from 1980 on for other pollutants, and
from 1986 on for GHG emissions;

- to calculate GHG and other pollutant emissions;

- to automatically fill in reporting tables (CRF Reporter).

However in 2015 the UNFCCC Secretariat made available the upgraded CRF Reporter
which became operational on April 30. Due to the changes made in the new reporting tool,
data have been imported to the CRF Reporter using excel.

In the last years calculation process for many sources become more and more complicated,
therefore emissions for these sources are calculated with the model and AD and final
emissions are then transfer to ISEE. This is valid for emission from Road transport, most
categories in the Agriculture sector and emissions from Treatment of Solid Waste. In addition
LULUCF sector and F-gasses are not included in ISEE.

Documentation and archiving

All inventory data are now stored in a joint database. Supporting data and references are
stored in electronic form and/or hard copy form. Inventory submissions are stored mostly in
electronic form at various locations and on various media (network server, CD-ROM,
computer hard disk). Access to files is limited in accordance with the security policy. Backup
copies on the server are made at regular intervals in accordance with the requirements of
the information system.

All relevant data from external institutions are also stored at the Environmental Agency in
one place. In 2012, all studies have been scanned, transformed to PDF files and stored on
network server, CD-ROM and computer hard disk. The studies are available in hard copies
and also in electronic format.

1.4 Brief General Description of Methodologies and
Data Sources

Inventories of GHG emissions were prepared on the basis of the IPCC methodology as
presented in the 2006 IPCC Guidelines for all gases and sectors. Due to the importance of
the source and accessibility of activity data, different approaches (tiers) from the IPCC
methodology were used (Table 1.4.1).
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Table 1.4.1: Summary report for methods and emission factors used from CRF tables

GREENHOUSE GAS SOURCE co, CH, N0
AND SINK Meth_od = Methpd = Method o
CATEGORIES applied applied applied
1. Energy M, T1, T2,T3 CS, D, M, PS M, T1, T2, T3 |CS,D,M,PS |M, T1 D, M
A. Fuel combustion M,T1, T2,T3 CS,D, M, PS M, T1, T2 CS,D, M M, T1 D, M
1. Energy industries T1, T2 Cs, D, PS T1 D T1 D
2. Manufacturing ind. and const. | T1, T2, T3 CS,D, PS T1 D T1 D
3. Transport M, T1, T2 CS,D,M M, T1 D, M M, T1 D, M
4. Other sectors T1, T2 CS,D T1, T2 CS,D T1 D
5. Other Tl D T1 D T1 D
B. Fugitive emissions from fuels | T1, T3 D, PS T1,T2, T3 CS,D, PS T1 D
1. Solid fuels T1, T3 D, PS T2, T3 CSs, D, PS NA NA
2. Oil and natural gas T1 D T1 D T1 D
2. Industrial Processes D,M,T1,T2, T3 |CS,D, M, PS NA NA D D
A. Mineral Products T2, T3 Cs, D NA NA NA NA
B. Chemical Industry D, T3 Cs, D NA NA NA NA
C. Metal Production T1, T2 CS, D, PS NA NA NA NA
D. Non-Energy Product M, T1 D,M
G. Other product man. and use | NA NA NA NA D D
3. Agriculture T1 D T1, T2 CS,D T1, T2 CS,D
A. Enteric Fermentation T1, T2 CSs,D
B. Manure Management T1, T2 Cs,D T1, T2 D
D. Agricultural Soils NA NA T1, T2 D
G. Liming T1 D NA NA NA NA
H. Urea application T1 D NA NA NA NA
4. LULUCF CS,D,T1,T2, T3 | CS, D D, Tl D D,T1, T2 |D
A. Forest Land CS,D,T1,T2,T3 |CS,D D, T1 D D, T1 D
B. Cropland CS,D, T1,T2 CS,D NA NA D, T1 D
C. Grassland D,T1,T2 CS,D NA NA D, Tl D
D. Wetlands D, T1,T2 CS,D NA NA NA NA
E. Settlements D, T2 CS,D NA NA D, T1, T2 |D
F. Other Land D, T2 CS,D NA NA D, T2 D
G. HWP D, T1 D NA NA NA NA
5. Waste T1 D T1, T2 Cs,D T1 D
A. Solid Waste Disposal NA NA Iz CS,D _
B. Biological Treatment _— T1 D T1 D
C. Incineration T1 D T1 D T1 D
D. Waste-water Treatment NA NA T1 Cs,D T1 D
HFCs PFCs SF6
Method EF Method EF Method EF
applied applied applied
2. Industrial Processes T1, T2 Cs,D T3 PS T2 Cs
C. Metal Production NA NA T3 PS NA NA
F. Substitutes for ODS T1,T2 CSs,D NA NA NA NA
G. Other product man. and use | NA NA NA NA T2 Cs
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In the Energy sector, mainly national/plant specific CO, emission factors were used for
assessment of emissions from solid fuels, petroleum coke and natural gas (Tier 2/3), while
default IPCC emission factors were mainly used for other types of fuels.

The quantities of fuels and consumed fuel energy values were taken from the SORS.
Additional data on the energy use of some types of waste (waste tyres, oils and solvents)
were acquired from the verified ETS reports. Data on fuel consumption in agriculture and
forestry refer to mobile sources only, while the rest of the fuel consumption of these sub-
sectors is included in the Institutional and commercial sector. GHG emissions in road
transport were determined with the COPERT 4 model using default EFs from the model.

Emission factors for fugitive emissions of CO» and CH4 in mining and post mining activities
were determined on the basis of measurements of methane concentrations in ventilation
shafts in mines and estimated quantities of released methane and, not very common, also a
considerable amount of CO,. The CH,4 emission factor that was determined in this manner
was lower than the default IPCC emission factor. CO, emissions in post-mining activities
were not assessed, as no estimation method is available. Following 2006 IPCC GL CH,
emissions from abandoned and closed mines have been also included in the inventory using
Tier 2 method and default parameters.

Fugitive emissions from Oil and natural gas have been calculated using EFs from default
range from 2006 IPCC Guidance. The old method for calculating CH4 emissions from the
distribution of natural gas, which were estimated according to the length of individual types
of transmission or distribution pipelines with regard to the pipe type, material and pressure,
applying specific losses per unit of length has been used only for the QA purpose.

Until 1997 emissions from Industrial processes and Product Use were mostly determined on
the basis of statistical data on production and consumption of raw materials and by applying
country-specific emission factors. After 1997, the SORS partly changed the method of
collecting and presenting these data and therefore most of the data were obtained directly
from individual companies. These data have also been used for preparing our National
Allocation Plan for EU-ETS. Since 2005, data from verified reports have mostly been used
while in some cases (aluminium until 2013 and ferroalloy production) the plant data had to
be obtained. In determining actual emissions caused by the use of HFCs, data were obtained
from companies that have such devices and companies that maintain these devices. For SFs
emissions, the release of this gas from gas-insulated switchgear for electricity was assessed

In Agriculture, methane emissions from enteric fermentation and manure management in
bovine animals were determined using Tier 2 approach and the Tier 1 approach was used
for other animals that represent a smaller fraction in methane emissions. Input data for N.O
emissions from manure handling and from direct and indirect emissions from fertilisation with
animal fertilisers were obtained in the process of estimating methane emissions. For N,O
emissions, CS parameters but default IPCC emission factors were used. A default EF and
Tier 1 approach has been used for calculation of CO, emissions from liming and application
of urea.

Emissions and removals from the LULUCF sector have been estimated for the six broad
land-use categories: Forest land, Cropland, Grassland, Wetlands, Settlements and Other
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land. The estimation is based on methodologies of the 2006 Guidelines for National
Greenhouse Gas Inventories, supplemented by country-specific methods. Estimates of GHG
emissions and removals in this sector are calculated from carbon stock changes in the five
carbon pools (above-ground biomass, below-ground biomass, dead wood, litter, and soil
organic carbon), direct N20O emissions from N fertilization, N20O emissions from drainage of
soils, N20O emissions from disturbance associated with land-use conversion to cropland,
CO2 emissions from agricultural lime application, and non-CO2 emissions from biomass
burning. Country-specific emission factors and carbon stock values for forests and partially
for cropland and grassland are derived from surveys and measurements. For other land use
categories, the IPCC default values or expert judgements are used.

Methane emissions from solid waste handling were determined by the first order decay model
from IPCC 2006 GL, which takes into account the difference in the time dynamics of methane
release from different types of waste. Emissions of CHs and N.O from wastewater and
composting, as well as GHG from waste incineration were calculated using the default
method.

1.5 Brief Description of Key Categories

The analysis of key source categories was performed on the basis of sectoral distribution
and use of the approach 1. This approach was used both for the base year and for the year
2018. A level assessment was undertaken for 1986 and 2018, and a trend assessment was
performed for 2018. The analyse has been performed at a level of IPCC categories as
suggested in Table 4.1 in Volume 1 of 2006 IPCC Guidelines. The results are presented on
the Table 1.5.1.

The analyses have been performed with and without LULUCF sector. On the basis of the
KCA including LULUCF, 30 categories were selected as keys in 2018 according to the level
assessment, and additional 7 were chosen as key categories according to the trend
assessment only. As many as 23 categories are key sources according to level and trend
KC analysis. The most of the 37 key categories are from Energy sector (15): 12 categories
are CO, emissions from fuel combustion, one is CH4 emissions from fuel combustion from
Other sectors, one is CO, emissions from SO, scrubbing and one is fugitive emissions of
CH4 from Coal mining and handling. The second most important sector is LULUCF with 9
key categories, five KCs are in the industrial processes and in the Agriculture sector, where
2 are related to methane emissions and 3 to N>O emissions, and three KC are in the Waste
sector. On the basis of the Tier 1 analysis excluding LULUCF one category, which were KC
according to level become KC according to the trend, and six additional categories become
KC according to the trend.

In 2010 a Tier 2 key categories analyse has been done for level assessment only and as
much as 27 categories have been determined as keys. Mainly due to the large uncertainty,
the most KC were in Agriculture sector (9), following by LULUCF (5), Road transport (4),
Waste (3), Fuel combustion in Residential sector (2), Fugitive emissions from solid fuels (2),
Consumption of HFCs (1) and Electricity and heat production (1).
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Table 1.5.1: IPCC Key Source Categories for 2018, Approach 1

IPCC Category Gas w LULUCF w/o I_-l_JLUCF
additional

1.A.1 Energy Industries, Gaseous Fuels CO2 LT

1.A.1 Energy Industries, Liquid Fuels CO2 T

1.A.1 Energy Industries, Solid Fuels CO2 LT

1.A.2 Manufacturing Industries and Construction, Gaseous Fuels CO2 LT

1.A.2 Manufacturing Industries and Construction, Liquid Fuels CO2 LT

1.A.2 Manufacturing Industries and Construction, Other Fuels CO LT

1.A.2 Manufacturing Industries and Construction, Solid Fuels CO2 LT

1.A.3.b Road Transportation, Diesel Oil CO2 LT

1.A.3.b Road Transportation, Diesel Oil N20 T

1.A.3.b Road Transportation, Gasoline CO; LT

1.A.3.b Road Transportation, LPG CO2 T

1.A.4 Other Sectors, Gaseous Fuels CO; LT

1.A.4 Other Sectors, Liquid Fuels CO2 LT

1.A.4 Other Sectors, Solid Fuels CO; T

1.A.4 Other Sectors, Solid Fuels CHa T

1.A.4 Other Sectors, Biomass CHgs L

1.B.1.a Fugitive Emissions, Coal Mining and Handling CH4 LT

1.B.1.a Fugitive Emissions, Coal Mining and Handling CO2 T

1.B.1.a Fugitive Emissions, Other CO LT

2.A.1 Industrial processes, Cement Production CO2 LT

2.A.1 Industrial processes, Lime Production CO2 T

2.C.3 Industrial processes, Aluminium Production CO2 LT

2.C.3 Industrial processes, Aluminium Production PFC T

2.F.1 Industrial processes, Refrigeration and AC Equipment HFC LT

2.G.3 Industrial processes, N20 from product use N20 T

3.A Agriculture, Enteric Fermentation CHa LT

3.B Agriculture, Manure Management CH4 L T

3.B Agriculture, Manure Management N20 L

3.D.1 Agriculture, Direct Soil Emissions N-20 LT

3.D.2 Agriculture, Indirect Emissions N20 L

4.A.1 LULUCEF, Forest Land remaining Forest Land CO LT

4.A.2 LULUCF, Land converted to Forest Land CO: LT

4.B.1 LULUCF, Cropland remaining Cropland CO2 L

4.B.2 LULUCF, Land converted to Cropland CO: T

4.C.1 LULUCF, Grassland remaining Grassland CO2 LT

4.C.2 LULUCF, Land converted to Grassland CO T

4.E.1 LULUCF, Settlements remaining Settlements CO: LT

4.E.2 LULUCF, Land converted to Settlements CO2 LT

4.G LULUCF, Harvested wood products CO: LT

5.A.1 Waste, Managed waste disposal sites CH4 L

5.D.1 Waste, Domestic and Commercial Waste Water CHa L

5.D.1 Waste, Industrial Wastewaters CHa T
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In addition in 2018, the qualitative approach has been also used to determine key source
categories but no additional categories have been found to be keys. For determination the
following criteria has been included: mitigation techniques and technologies, high expected
emission growth, high uncertainty and unexpected low or high emissions.

Key category analysis as a base for prioritizing improvements in GHG inventory
Key source categories have received special considerations in terms of improvements and
QA/QC. On the Table 1.5.2 and 1.5.3 methodologies used to calculate emissions from key

categories are presented.

Table 1.5.2: Methodologies used for key categories according to the level in 2018

IPCC Category Gas Methodology EF and other
parameters

1.A.1 Energy Industries, Gaseous Fuels CO: Tier 2 Cs
1.A.1 Energy Industries, Solid Fuels CO2 Tier 3 PS
1.A.2 Manufacturing Industries and Construction, Gaseous Fuels CO: Tier 2 CS
1.A.2 Manufacturing Industries and Construction, Liquid Fuels CO2 Tier 1 D
1.A.2 Manufacturing Industries and Construction, Solid Fuels CO2 Tier 3 PS
1.A.2 Manufacturing Industries and Construction, Other Fuels CO; Tier 1, Tier 3 D, PS
1.A.3.b Road Transportation, Diesel Oil CO: Model Model
1.A.3.b Road Transportation, Gasoline CO; Model Model
1.A.4 Other Sectors, Gaseous Fuels CO: Tier 2 CS
1.A.4 Other Sectors, Liquid Fuels CO: Tier 1 D
1.A.4 Other Sectors, Biomass CHa Tier 2 CS
1.B.1.a Fugitive Emissions, Coal Mining and Handling CH4 Tier 3 PS
1.B.1.c Fugitive Emissions, Other (SO2 scrubbing) CO2 Tier 3 PS
2.A.1 Industrial processes, Cement Production CO2 Tier 3 PS
2.C.3 Industrial processes, Aluminium Production CO2 Tier 3 PS
2.F.1 Industrial processes, Refrigeration and AC Equipment HFC Tier 2 CS,D
3.A Agriculture, Enteric Fermentation CHa Tier 1, Tier 2 CS,D
3.B Agriculture, Manure Management CHgs Tier 1, Tier 2 CS,D
3.B Agriculture, Manure Management N20 Tier 1, Tier 2 CS,D
3.D.1 Agriculture, Direct Soil Emissions N20 Tier 1 D
3.D.1 Agriculture, Indirect Soil Emissions N20 Tier 1 D
4.A.1 LULUCF, Forest Land remaining Forest Land CO: CS, D, Tier 1-3 CS,D
4.A.2 LULUCF, Land converted to Forest Land CO: D, Tier 1-3 CS,D
4.B.2 LULUCEF, Cropland remaining Cropland CO; D, Tier1-2 CS,D
4.C.1. LULUCF, Grassland remaining Grassland CO; D, Tier 1-2 CS,D
4.E.1 LULUCF, Settlements remaining Settlements CO; D, Tier 2 CS,D
4.E.2 LULUCF, Land converted to Settlements CO: D, Tier 2 CS,D
4.G LULUCF, Harvested wood products CO2 D D
5.A.1 Waste, Managed waste disposal sites CH4 Tier 2 CS,D
5.D.1 Waste, Domestic and commercial Waste Waters CH4 Tier 1 CS,D
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According to both analyses (Tier 1 and Tier 2), the most important key categories are from
LULUCF sector. For 2012 submission the LULUCF sector was highly improved using the
newest data from 2012 national forest inventory and with additional support from experts
from JRC and from EU support project. For the 2020 submission emissions and removals in
the LULUCF sector have been further improved by the inclusion of the results of the latest
national forest inventory from 2018.

The Energy and Industrial processes sectors have already largely improved with inclusion of
big emitters in EU-ETS. The use of default EFs for liquid fuels, mostly fuel oil, represents the
main deficiency. Due to the unavailability of resources needed to develop CS EF, the
verification of default EFs have been made for the 2014 and 2019 submission.

The Agriculture sector are has improved a lot in the past. Unfortunately, methodologies for
calculation of emissions from agricultural soils are not planned for further improvement. It
has been assessed that resources (financial and personal) for determination of CS N,O EFs
in this category are unreasonably high for the expected results.

We are improving HFC emissions from Refrigeration and AC with regular updates of the data
on stock. In the present submission the improved data related to stationary AC has been

introduced.

Table 1.5.3: Methodologies used for key categories according to the trend only in 2018

IPCC Category Gas Methodology EF and other
parameters
1.A.1 Energy Industries, Liquid Fuels CO: Tier 1 D
1.A.3.b Road Transportation, LPG CO; Model Model
1.A.3.b Road Transportation, Diesel N20 Model Model
1.A.4 Other Sectors, Solid Fuels CO2 Tier 1 D
1.A.4 Other Sectors, Solid Fuels CHa Tier 1 D
1.B.1.a Fugitive Emissions, Coal Mining and Handling CO: Tier 3 PS
2.A.1 Industrial processes, Lime Production CO: Tier 3 PS
2.C.3 Industrial processes, Aluminium Production PFC Tier 3 PS
2.G.3 Industrial processes, N20 from product use N20 Tier 1 D
4.B.2 LULUCF, Land converted to Cropland CO D, Tier1-2 CS,D
4.C.2 LULUCF, Land converted to Grassland CO: D, Tierl-2 CS,D
5.D.1 Waste, Industrial Wastewaters CH4 Tier 1 Cs.D

1.6 General Uncertainty Evaluation, Including Data on
Overall Uncertainty for Inventory Totals

The combined uncertainty was derived from Tier 1 method. The uncertainties of individual
activity data and emission factors are based on expert judgment or IPCC 2006 Guidelines.
Since expert judgments of individual experts are at variance, the highest individual
uncertainties have been taken into account. The total uncertainties have been derived both
for Level Uncertainty as well as for Trend Uncertainty.
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Table 1.6.1: Uncertainty in 1986 and 2018 by sectors.

1986 2018
1A Energy 5.29% 2.47%
1B Fugitive 40.43% 34.52%
2 Industrial Processes/Product use 10.31% 18.00%
3 Agriculture 49.33% 52.21%
4 LULUCF 49.80% 205.50%
5 Waste 44.59% 35.53%
TOTAL COMBINED UNCERTAINTY 17.36% 6.35%
w/o LULUCF 6.36% 5.77%

TOTAL trend uncertainty (2018/1986) = 5.85% (2.53% w/o LULUCF).

The major part to the lower uncertainty in 2018 was contributed by the energy and waste
sector. Uncertainty in Industrial processes was higher than in 1986 due to the high
uncertainty of F-gas estimates. The reason for higher uncertainty in agriculture sector is
higher share of soil emissions where the same IPCC default EFs with large uncertainty have
been used for the base year and for 2018 estimates.

Sectoral uncertainties are presented on Table 1.6.1 while more detailed data are included in
the Annex 2 to the NIR.

1.7 General Assessment of Completeness

Sources and sinks
All sources of direct GHG gases, included in the IPCC Guidelines, are covered by the
inventory.

Gases
All direct GHGs as well as the postulated precursor gases are covered by the Slovenian
inventory.

Geographic coverage
The geographic coverage is complete. No territory in Slovenia has been left uncovered by
the inventory.

Notation keys

NO (not occurring)

This notation key is used for activities or processes in a particular source or sink category
that do not occur within a country. The highest number of source categories marked with NO
is found in agriculture and LULUCF sector, but there are some in industrial processes and
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energy industries as well. In the CRF Reporter we were unable to fill some blank cells with
the notation keys. We are waiting on upgrade of CRF Reporter, which will solved this issue.
Until then please consider all blank cells in the CRF Tables as they were filled with “NO”.

NE (not estimated):
There is no categories marked with NE.

IE (included elsewhere):

There are a few categories marked with IE because relevant data are not available on the

reporting level and emissions are therefore included in some other categories. These

sources are:

- GHG emissions from gas diesel oil and gasoline used in domestic navigation and fishing
are included in the road transport;

- All consumption of bio-diesel and bio-ethanol in mobile sources is reported in the road
transport sector under cars;

- All consumption of fuel in stationary sources in agriculture are reported under
Commercial/institutional;

- All N2O emissions from product use are reported under Medical application

- All GHG emissions from forest fires are reported under Forest land remaining Forest
Land.

- CO2 emissions from dolomite use for Liming are included under Limestone

In addition notation key IE is used also for some categories in the LULUCF sector, when

IPCC methodology requires that emissions are reported in the Agriculture sector. These

sources are:

- Indirect NoO emissions from Managed soils (CRF table 4(IV)) are reported in the
Agriculture sector under Agriculture Soils — Atmospheric Deposition

- Direct N2O emissions from M Mineralization/Immobilization from FL and GL converted to
CL are reported under relevant category (3.D.1.5) under Agriculture Soils

NA (not applicable):

This notation key is used for activities in a given source/sink category that do not result in
emissions or removals of a specific gas. Categories in the CRF for which “NA” is applicable
are shaded so they do not need to be filled in.

C (confidential)

The Statistical law considering confidentiality is very strict in Slovenia. All data gathered by
three or less reporting units is confidential. It is a good practise in national statistic that this
boundary is even higher (five units). As Slovenia is a small country, almost all relevant
categories from industrial processes sector and, to a lesser extent, from energy sector are
also confidential. The confidentiality problem in activity data has been solved on individual
level with each relevant plant. After 2005, verified reports from installations included in ETS
have resolved this problem generally for most cases.

However for some small categories we are still depending on data from SORS and for this
reason the AD in production of Zinc and production of Lead is marked as confidential.
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2 TRENDS IN GREENHOUSE GAS EMISSIONS

2.1 Description and Interpretation of Emission
Trends for Aggregated GHG emissions

Total emissions of GHG in 2018, sinks not considered, amounted to 17,502 kt CO: eq., which
represents a 14.1% decrease of emissions compared to the year 1986. In the period 1986-
1991, a reduction of emissions was recorded due to the economic conditions at that time and
the fact that the Republic of Slovenia was gaining its independence. In the period 1992-1997,
a strong increase of emissions was recorded, which was a consequence of increasing
economic growth and revival of industrial production. In the second half of that period, the
increased emissions were a consequence of “gasoline tourism” (25% of the total sale of
motor fuels in the Republic of Slovenia), since the prices of motor fuels in the Republic of
Slovenia were appreciably lower than in the neighbouring countries.

In the period 1998-1999, emission decreased due to the measures undertaken by the
neighbouring countries to curb the "gasoline tourism” and due to the increased supply of
electrical energy from the Krsko Nuclear Power Plant. In the period 2000-2002, the emission
kept increasing again due to the renewal of the obligatory export of electrical energy from the
Krsko Nuclear Power Plant to the Republic of Croatia.

After joining the EU in 2004 and after acceptance of Romania and Bulgaria into EU in 2007,
emissions from road transport have increased drastically and have prevailed over the
decrease in other sectors which has occurred due to the policies and measures in
manufacturing industry, agriculture and waste sector.

In 2009, emissions from fuel combustion and industrial processes started to decrease due
to the global financial crisis while since 2015 a slow increase of emissions which is correlated
with the economic growth, was observed.

2.1.1 Description and Interpretation of Emission Trends for by
Gas

CO; emissions in 2018 represented 82.8% of overall emissions of greenhouse gases. CO-
emissions excluding LULUCF followed the consumption of energy and with regard to their
fraction exerted a major impact on total emissions. Compared to 1986, they decreased by
13,1% in 2018. CH4 emissions represented 11.1% of total emissions in 2018 and were by
25.9% lower than in 1986. N>O emissions represented 4.3% of total emissions and were by
10.4% lower than N.O emissions in 1986. F-gases represent 1.9% of total emissions and
some gases (HFCs and SFg) have shown significant increases since 1995 (base year for F-
gases), while PFC decreased drastically in 2008 and has continued to decrease in 2009.
Since then a slow increase of emissions was observed.
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Figure 2.2.1: GHG Emissions in Slovenia by gas.

2.1.2 Description and Interpretation of Emission Trends by Sector

According to the UNFCCC Reporting Guidelines, emissions estimates are grouped into five
IPCC categories: Energy, Industrial Processes and Product Use, Agriculture, Land Use,
Land-Use Change and Forestry, and Waste (Figure 2.3.1 and Table 2.2.1).
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Figure 2.3.1: GHG Emissions in Slovenia by sector
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By far the most important sector is Energy, which in 2018 accounted for 80.9% of total GHG
emissions. In this sector emissions have decreased by 13.7%, compared to the 1986. Within
this sector, in the period 1986-2018, GHG emissions from the Energy Industry, as the
biggest sub-sector in the base year, decreased by 29.8%. In the period 1999-2007, steep
growth (+27.2%) has been recorded due to the increased consumption of electrical energy.

Undoubtedly the greatest increase in GHG emissions was observed in the transport sector,
by as much as 203.8% until 2008, due to the increase in road transportation, while emissions
from other kinds of traffic slightly declined. In 2009 GHG emissions from transport decreased
by 13.5% compared to 2008. Since then emissions fluctuate from year to year but have never
reached a 2008 peak.

There was an appreciable reduction of GHGs from Manufacturing industry between 1986
and 2001 (-50.3%). After 2001, a stabilisation of emissions was observed until 2008. Due to
the global financial crisis, emissions from Manufacturing industry and construction decreased
in 2009 by 15.6%. In the following years the emissions have further decreased and altogether
in the 2015 due to the economic crises emissions from manufacturing industries and
construction were lower by 31.3% from emissions in 2008. Due to the economic recovery in
the last years emissions started to increase again - in 2018 they increase by 8.9% compared
to the previous year.

Emissions from the Other sectors fluctuates a lot from year to year and are mostly influenced
by air temperature in winter time.

Fugitive emissions from fuel represent only 2.2% of emissions in the sector and have
decreased by 34.3% compared to the emissions in 1986.

Since 1986, GHG emissions from Industrial Processes at first fell sharply to reach their lowest
value in 1993, but then started to rise again and were in 2007 6.0% above 1986 level. Due
to the global financial crises and lower industrial production, emissions in 2009 were 28.2%
below the 1986 emissions but in the period 2009 — 2017 slowly increase by 17.8% while in
2018 emissions are almost the same as in the previous year. The most important GHG of
this sector was carbon dioxide, with 70.2% of emissions from this category, followed by HFCs
with 24.7%, N.O with 2.4%, and PFC and SFs with 1.3%. In this sector, no CH4 emissions
have occurred since 2011. The main source of emissions is Mineral industry, of which the
production of cement and lime alone contributed 43% of the emissions in this sector.

In_Agriculture as the second most important sector, emissions in 2018 amounted to 1,722
Gg CO» eq, which represents 9.8% of all emissions. Agriculture represents the main source
of methane and N>O emissions, namely 60.9% of all methane emissions and 69.0% of all
N20O emissions. In the agricultural sector, CHs emissions accounted for 68.5% of emissions
and N>O emissions accounted for 30.2% of emissions, while CO, emissions accounted for
1.3% only. GHG emissions from agriculture show small oscillations for individual years, but
the general trend is on the decrease. In 2018, emissions were 10.8% below the emissions in
the base year. The most important sub-sector represents emissions from enteric
fermentation, which contributes 53.9% of all emissions from agriculture, followed by
emissions from agricultural soils, with 25.5%; the rest is contributed by emissions of methane
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and N2O from animal manure (19.4%) while CO, emissions due to the liming and urea
applications represent only 1.3% of emissions in this sector.

The total net emissions/removals of CO; from the LULUCF sector were -4,748 Gg CO: eq in
the base year (1986) and +243 Gg CO- eq in 2018. The maximum value of net removals was
in 2007. Since then, the net removals in the LULUCF sector have been decreasing, which
was initially related to change in national forest policy (adoption of the National Forest
Programme). However, Slovenian forest have been significantly affected by natural
disturbances since 2014. Sanitary cut in damaged forests has increased for around 50% in
recent years, which resulted in a substantial decline of net removals not only in forest land,
but also in the sector. Thus, actual net removals of the LULUCF sector have decreased by
105% since the base year

Methane emissions from the Waste sector are the second largest source of methane and
represents 19.4% of all methane emissions in Slovenia in 2018. The fraction of methane
emissions in this sector amounts to 85.1%, while the remaining part represent N.O (10.3%)
and CO; emissions (4.7%). Solid waste handling contributes 53.0% to the total emissions
from this sector, wastewater handling 38.2 %, incineration of waste 4.7% and composting
4.1%. Emissions in 2018 were 30% lower than in 1986. Emissions from solid waste disposal
started decreasing in 2005 and since then emissions have decreased by 46.7% due to the
strong decrease of deposited biodegradable part of municipal waste and gas recovery. In
2013 the emissions were the first time lower compared to the base year and in 2018 were
lower by 20%. Emissions from waste waters were by 49.8% lower than in the base year
what is mostly due to recovery of gas in wastewater treatment plants and the decrease in
industrial production.
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Table 2.2.1: GHG emissions and removals in Slovenia in kt CO; eq by sectors and sub-sectors 1986-2018.

1986 1990 1995 2000 2005 2010 2015 2017 201 | ChangelY | Changely
to BY to PY

1. Energy 16,398 14,665 15,140 15,282 16,556 16,311 13,380 13,979 14,152 -13.7 1.2
A. Fuel Combustion 15,805 14,153 14,653 14,810 16,030 15,789 13,010 13,570 13,762 -12.9 14
1. Energy Industries 6,841 6,375 5,725 5,594 6,448 6,340 4,562 4,915 4,800 -29.8 -2.3
2. Man. Industries and Construction 4,460 3,151 2,634 2,277 2,485 1,916 1,591 1,679 1,828 -59.0 8.9
3. Transport 2,022 2,728 3,792 3,808 4,416 5,263 5,368 5,547 5,824 188.0 5.0
4. Other Sectors 2,440 1,867 2,501 3,127 2,677 2,268 1,486 1,425 1,307 -46.4 -8.3
5. Other 41 32 1 3 3 3 4 4 4 -90.6 -5.5
B. Fugitive Emissions from Fuels 593 512 487 472 526 522 370 408 390 -34.3 -4.6
1. Solid Fuels 551 461 442 424 474 474 335 369 351 -36.3 -4.9
2. Oil and Natural Gas and other... 42 50 45 48 53 48 36 40 39 -7.9 -2.0
2. Industrial Processes 1,408 1,393 1,073 1,162 1,427 1,013 1,144 1,190 1,187 -15.7 -0.3
A. Mineral Industry 743 694 543 598 636 479 453 497 541 -27.2 8.8
B. Chemical Industry 98 88 88 113 137 89 60 65 58 -40.5 -10.5
C. Metal Industry 471 551 374 334 425 127 208 223 218 -53.7 -2.2
D. Non-energy products 8 8 7 14 25 12 24 30 32 292.7 5.1
E. Electronics industry NO NO NO NO NO NO NO NO NO NO NO
F. Product uses as ODS substitutes NO NO 33 46 146 258 344 339 293 NA -13.5
G. Other product manufacture and use 89 52 29 56 60 47 55 36 45 -49.7 23.4
H. Other NA NA NA NA NA NA NA NA NA NA NA
3. Agriculture 1,931 1,855 1,774 1,822 1,733 1,696 1,733 1,721 1,722 -10.8 0.0
A. Enteric Fermentation 981 935 904 949 916 903 936 932 927 -5.4 -0.5
B. Manure Management 434 428 373 359 345 333 334 336 334 -23.0 -0.7
C. Rice Cultivation NO NO NO NO NO NO NO NO NO NO NO
D. Agricultural Soils 463 440 456 485 447 437 444 434 438 -5.4 0.9
E. Prescribed Burning of Savannahs NO NO NO NO NO NO NO NO NO NO NO
F. Field Burning of Agricultural Residues NO NO NO NO NO NO NO NO NO NO NO
G. Liming 44 44 29 17 14 13 11 10 12 -73.8 12.5
H. Urea applications 9 9 12 12 12 11 9 8 11 15.7 26.7
I. Other carbon-containing fertilizers NO NO NO NO NO NO NO NO NO NO NO
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1986 1990 1995 2000 2005 2010 2015 2017 2018 | Chaneely | Changely
to BY to PY

4. Land Use, Land-Use Change and Forestry -4,748 -4,360 -3,081 -4,061 -7,121 -6,125 -9 -175 243 -105.1 -238.9

A. Forest Land -4,463 -4,486 -3,083 -3,608 -6,879 -5,821 458 245 715 -116.0 191.6

B. Cropland -78 -87 -190 -224 -216 -208 -155 -145 -139 77.7 -4.1

C. Grassland -219 -192 -335 -675 -487 -452 -441 -403 -397 81.4 -1.4

D. Wetlands 2 3 2 1 7 27 3 2 2 -2.9 -4.0

E. Settlements 443 444 464 512 612 427 244 200 178 -59.7 -11.0

F. Other Land 15 15 23 9 18 22 6 5 5 -65.5 -3.4

G. Harvested wood products -457 -67 28 -85 -185 -129 -129 -86 -126 -72.4 46.9

H. Other NO NO NO NO NO NO NO NO NO NO NO

6. Waste 631 697 647 772 741 535 493 477 442 -30.0 -7.4

A. Solid Waste Disposal 292 373 353 475 487 299 256 261 234 -20.0 -10.4

B. Biological treatment of solid waste NO NO NO NO 3 5 12 17 18 NA 8.7

C. Incineration and open burning of waste 2 2 1 3 3 7 27 27 21 933.1 -24.7

D. Waste water treatment and discharge 336 322 294 294 248 224 198 171 169 -49.8 -1.6

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

6. Other NO NO NO NO NO NO NO NO NO NO NO

Memo Items.

International Bunkers 59 49 58 69 130 133 283 579 775 1223.6 33.9
Aviation 59 49 58 69 61 73 75 74 102 74.6 37.6
Navigation NO,NA NO,NA NO,NA NO,NA 69 60 209 505 673 NA 33.4

Multilateral Operations NO NO NO 1 0 0 1 1 1 NA -3.1

CO; Emissions from Biomass 2,763 2,581 2,565 2,571 3,109 3,130 2,952 2,986 2,873 4.0 -3.8

Long term storage of C in waste disposal sites 771 1,084 1,459 2,037 2,587 3,063 3,247 3,249 3,249 321.2 0.0

Total CO; Eq. Emissions without LULUCF 20,367 18,610 18,634 19,038 20,457 19,555 16,751 17,367 17,502 -14.1 0.8

Total CO; Eq. Emissions with LULUCF 15,619 14,249 15,553 14,977 13,336 13,430 16,742 17,192 17,745 13.6 3.2
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2.2 Description and Interpretation of Emission
Trends for Indirect GHGs and SO2

The largest sources of emissions of NOx is transport followed by combustion in energy
industries. The road transport sector is the sector contributing the most to the emission of
NOX, in 2018 47% of the Slovenian emissions of NOx. The total emissions have decreased
by 53% from 1990 to 2018. The largest reduction of emissions has occurred in the road
transport sector due to the fitting of three-way catalysts to petrol fuelled vehicles. The
reduction has been achieved also due to installation of low-NOx burners and denitrifying
units in power plants and district heating plants.

CO emissions have decreased between 1990 and 2018 by 68%. CO is mainly emitted from
incomplete combustion. Small combustion is responsible for the dominant share of the total
CO emissions from the residential sector. Also transport contributes significantly to the total
emission of this pollutant. Emission reduction of CO is mainly a result of introduction of
vehicle meeting higher emission standards.

The emissions of NMVOC can be divided into two main groups: incomplete combustion and
evaporation. They originate from many different sources. The main contributor of NMVOC in
the year 2018 was industrial processes and product use, followed by small combustion.
Emissions of NMVOC have decreased from 1990 to 2018 by 51%. The decline in emissions
has primarily been due to reductions achieved in the road transport sector due to the
introduction of vehicle catalytic converters and carbon canisters on gasoline cars for
evaporative emission control. The reductions in NMVOC emissions have been enhanced by
the switching from petrol to diesel cars and changes in the solvents and product use sector
as a result of the introduction of legislative measures.

The main part of the SOx emission originates from combustion of fossil fuels, mainly coal
and oil in public power plants and district heating plants. From 1990 to 2018, the total
emission decreased by 98%. This enormous reduction is largely due to installation of
desulphurisation process in the plant, use of fuels with lower content of sulphur in public
power and district heating plants, introduction of liquid fuels with lower content of sulphur and
substitution of high-sulphur solid and liquid fuels to low-sulphur fuels such as natural gas.

In the Table 2.3.1, emissions of pollutants are presented. The data are slightly different from
the data reported in the CRF tables because emissions from international aviation are not
included in the national total in GHG inventory. In addition for the following CRF categories
some pollutants cannot be reported: NOx emissions in 2.B.6 TiO, production and in 3.B.
Manure management; NMVOC emissions in 2.B.10.a Other and SO, emissions in 2.C.7
Other (copper production).

Table 2.2.1: Emissions of CO, NOx, NMVOC and SO (kt)

1990 1995 2000 2005 2010 2015 2018 Change
NOx 72.2 72.2 59.4 56.0 48.6 353 33.9 -53.0
CcoO 305.0 282.4 190.2 164.9 132.0 108.2 98.9 -67.6
NMVOC 65.5 63.3 54.3 47.7 39.5 32.0 32.0 -51.2
SO2 201.1 124.0 93.5 40.4 10.4 5.5 4.8 -97.6
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3 ENERGY (CRF sector 1)

3.1 Overview over the Sector

The energy sector is the most important sector of GHG emissions in the Republic of Slovenia,
since it accounted for 80.9% of overall CO2 eq. emissions (w/o considering LULUCF) in 2018.
Emissions from this sector arise from fuel combustion, accounting for 97.2% emissions from
the energy sector, and as fugitive emissions from fuels, accounting for 2.8% of emissions
(Figure 3.1.1).

Energy Industries

Fuel combustion 34.9%

97.2%

—

Manuf. Ind. & Constr.
13.3%

Transport
Fugitive emissions 42.3%
2.8%
Other Sectors

S g 9.5%

Figure 3.1.1: Emissions of GHG in Energy Sector by categories in 2018

Emissions from Energy sector are presented on the Table 3.1.1. Compared to 2017, GHG
emissions decreased by 1.2% in 2018 and were 13.7% lower than in the 1986 base year.

Until 2014 Energy Industries was the most important sub-sector, while in 2014 a strong
decrease of emissions (-23%) was observed. This happened because one thermal power
plant was closed in 2014.The most important category in this sector is a production of
electricity and heat (IPCC 1.A.1.a). Emissions from this category vary in accordance with the
production of electrical energy. It has to be taken into consideration that in the Republic of
Slovenia in 2018, 4.8 TWh (i.e. 31.3%) of electrical energy was produced in public
hydroelectric power plants, 5.5 TWh (i.e. 35.5%) in the Krsko Nuclear Power Plant, 4.9 TWh
in thermal power plants (i.e. 31.5%), while the remaining 0.3TWh (i.e. 1.7%) was produced
using wind or solar energy. The structure changes slightly from year to year, depending
mostly on the changes in the hydrology of Slovenian rivers. Within this sector, in the period
1986-2018, GHG emissions from the Energy Industry, as the biggest sub-sector, decreased
by 29.8%.
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In 2014 with 41.9% share a transport sector became the most important source of fuel
combustion emissions and was the most important also in 2018 with 42.3% share. For traffic,
virtually all emissions are accounted for by road traffic and within this category the growth of
the fraction of emissions from goods transport is particularly noticeable, since the goods
transport in transit through Slovenia has been, annually increasing by more than 10% since
2000. Due to the recession, the emissions in 2009 decreased drastically and since then
emissions have fluctuated from year to year but have never reached the 2008 level again. In
2018 emissions from transport was 5.0% higher as in the previous year and as much as
188.0% higher as in 1986.

There was an appreciable reduction of GHGs from Manufacturing industry between 1986
and 2001 (-50.3%). After 2001, a stabilisation of emissions was observed until 2008. Due to
the global financial crisis, emissions from Manufacturing industry and construction decreased
in 2009 by 15.6%. In the following years the emissions have further decreased and altogether
in the 2015 due to the economic crises emissions from manufacturing industries and
construction were lower by 31.3% from emissions in 2008. Due to the economic recovery in
the last years emissions started to increase again - in 2018 they increase by 8.9% compared
to the previous year.

In the CRF category Other sectors, which accounts for 9.5% of emissions, Residential sector
prevails. Mainly due to increasing use of biomass for heating, better insulation of buildings

and warmer winters, the GHG emissions from this sector decreased by 46.4% since 1986.

Very small emissions (0.03%) have been reported under “Other” and are related to the
military use of fuel.

Table 3.1.1: Emissions from Energy sector by sources in kt CO; eq.

1986 1990 1995 2000 2005 2010 2015 2017 2018
1. Energy 16,398 | 14,665 | 15,140 | 15,282 | 16,556 | 16,311 | 13,380 | 13,979 | 14,152
A. Fuel Combustion 15,805 | 14,153 | 14,653 | 14,810 | 16,030 | 15,789 | 13,010 | 13,570 | 13,762
1. Energy Industries 6,841 | 6,375 | 5,725 | 5594 | 6,448 | 6,340 | 4,562 | 4,915 | 4,800
2. Man. Ind. and Const. | 4,460 | 3,151 | 2,634 | 2,277 | 2,485 1,916 | 1,591 | 1,679 1,828
3. Transport 2,022 | 2,728 | 3,792 | 3,808 | 4,416 | 5,263 | 5,368 | 5,547 | 5,824
4. Other Sectors 2,440 | 1,867 | 2,501 | 3,127 | 2,677 | 2,268 | 1,486 | 1,425 1,307
5. Other 41 32 1 3 3 3 4 4 4
B. Fugitive Emissions 593 512 487 472 526 522 370 408 390
1. Solid Fuels 551 461 442 424 474 474 335 369 351
2. Oil and Natural Gas 42 50 45 48 53 48 36 40 39

Fugitive emissions in the Republic of Slovenia are of minor importance thus they represent
only 2.8% of emissions in the sector and have decreased by 34.3% compare to emissions in
1986. The biggest fraction (72.4%) of GHG emissions from this sector are emissions of
carbon dioxide and methane from mining of coal in underground mines, while remaining
emissions are emissions of CO, due to the SO, scrubbing (17.6%) and emissions from oil
and natural gas (10%). Since the base year emissions constantly diminished due to ever-
smaller excavation of coal until 2001, when they were stabilized. In the last three years
emissions decreased due to the closure of one smaller coal mine.
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CO; emissions from fuel combustion of biomass were calculated, but were not included in
the total of CO; emissions (they are reported as memo item). However, all other greenhouse
gases (CH4, N2O) were included in accordance with the IPCC methodology.

3.2 Fuel Combustion (CRF 1A)

In Fuel Combustion sector, mainly national/plant specific CO, emission factors were used for
assessment of the majority emissions from solid fuels, petroleum coke, natural gas and some
waste (Tier 2/3), while default IPCC emission factors were used for other types of fuels. The
guantities of fuels and consumed fuel energy values were primary taken from the SORS but
since 2015 they were replaced by EU-ETS data when they differ. Additional data on the
energy use of some types of waste (waste tyres, oils and solvents) were acquired from the
verified ETS reports. Data on fuel consumption in agriculture and forestry refer to mobile
sources only, while the rest of the fuel consumption of this category is included in the
Institutional and commercial sector. GHG emissions from road transport were determined
with the COPERT 4 model using default EFs from the model.

Country specific CO, EF for domestic lignite

With regard to the need to upgrade GHG emissions inventories, national CO, emission
factors for domestic lignite were developed in 2004. CO, emission factors were obtained on
the basis of determined carbon contents in the fuel. Data on carbon content in the fuel for
the years before 2005 are available only for the biggest pit in Slovenia, the Velenje Lignite
Pit. The carbon content of lignite was verified by supplementary chemical analyses of coal
samples from this pit in an accredited laboratory in accordance with EN ISO 17025.
Additional information is available in the publication from The Milan Vidmar Electric Power
Institute, National CO, emission factor for lignite from Velenje coalmine; A Review of the
Ultimate Analysis of lignite, 2004. Since 2005 the data on carbon content from EU ETS is
available what enable the development of country specific and plant specific CO2 EF for all
types of solid fuels.

In the Table 3.2.1 and Figure 3.2.1 the national CO, emission factors used for domestic
lignite are presented while all other country specific or plant specific CO, emission factors for

solid fuels are presented under relevant subchapters.

Table 3.2.1: National CO, EFs for domestic lignite from Velenje pit in t CO/TJ.

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
109.95 109.25 111.89 107.76 106.98 101.84 101.06 101.48 101.69 100.99
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
101.85 101.82 99.54 100.21 102.56 106.71 105.44 104.90 105.85 105.78
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

104.18 106.16 105.64 104.76 104.52 104.48 105.12 103.26 104.75 103.21

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

104.18 |102.82 102.86
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Figure 3.2.1: CO; EF and NCV for domestic lignite from Velenje pit for 1086-2018.

Country specific CO, EF for natural gas

We have used slightly modified emission factors also for natural gas. CO. emission factors
were obtained on the basis of the determined carbon contents in the fuel. Detailed results
are in the study from 1998, which is available only in Slovene language (Gasperi¢ M, Dornik
M.: Dolocitev emisijskega faktorja CO. pri energetski izrabi zemeljskega plina). Because from
this study only yearly values until 1996 are available, we have used the yearly values for the
period 1986-1996 and 1996 value for the years since then.

We were planning to obtain data about chemical composition of natural gas used in Slovenia
for the period after 1996, calculate actual values of EFs and recalculate emissions back to
1997. Unfortunately, data on chemical composition are not available any more. The natural
gas distributor (Geoplin Plinovodi) is not interested in such data and they believe that
chemical composition is not changing a lot between the years. The main supplier of natural
gas is Russia, while approximately one third of natural gas comes from Algeria. CO, emission
factors between the years differ for around 0.1% and because composition data from the
company are not available, we believe that implementation of regular sampling and analysing
in an accredited laboratory would introduce unreasonable costs. In the Table 3.2.2 a national
CO; emission factor for natural gas is presented.

Table 3.2.2: National CO- EFs for combustion of natural gas in t CO2/TJ.

1986-1991

1992

1993

1994

1995

Since 1996

55.332

55.321

55.477

55.389

55.282

55.291
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Oxidation factor

Unless otherwise stated we have used default oxidation factors 1 as recommended in the
IPCC 2006 Guidelines for all types of fuel. The plant specific oxidation factors which have
been used in very limited cases are available since 2010 from EU ETS database and are
presented under relevant sub-chapters/categories.

Sources of data

An interesting feature of inventories of greenhouse gases for Slovenia is the fact that the
chosen base year 1986 goes back to the time when Slovenia was still a part of Yugoslavia.
Notwithstanding this fact, at that time Slovenia already had its own electrical energy statistics
and annual reports, which have been published annually without any interruptions ever since
1955. Due to the stable functioning system of data collection and economic conditions (no
commercially sensitive data) it is correct to say that the energy statistics in particular was
exceptionally good and centralized, and the data reliable and trustworthy.

The number of key reporting units prior to 1992 was exceptionally small, since only one
enterprise imported natural gas, two enterprises refined petroleum products, while coal
import was transacted within the framework of three thermal power plants.

The main source of data for Fuel consumption for all sectors in the Republic of Slovenia for
the period 1986-2001 is LEG — Annual Energy Statistics of the Energy Sector of the Republic
of Slovenia.

Since 1992 data are available in the digital form as Joint Questionnaires (JQ) and other
guestionnaires and since 2005 the verified reports from ETS have also been used.

Since 2005 the following files were available to the inventory team every year:

E1L-YY-arso — fuel consumption in public power plants
E2L-YY-arso — fuel consumption in auto producers
E2LP-YY-arso — fuel consumption in cogeneration plants
E3L-YY-arso — fuel consumption in public heat
epel_arsoYY_NACE2008.xls — fuel consumption in mining, manufacturing industry and
construction
ZBIRNA E8-E12 ARSO 20YY.xls — data on energy balance
Joint questionnaires:
ENERGY_NTGAS_A_SI_20YY - gaseous fuel
ENERGY_PETRO_A_SI_20YY - liquid fuel
ENERGY_RENEW_A_SI_20YY - other fuel
ENERGY_SOLID_A_SI_20YY - solid fuel
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3.2.1 Comparison of the Sectoral Approach with the Reference
Approach

The total difference of CO, emissions between the sectoral approach and the reference
approach in 2018 amounted to -0.27 per cent related to the energy consumption (Table 3.2.3)
and to 1.07 per cent related to the CO, emissions (Table 3.2.4). The large difference in
consumption of other fossil fuels is due to the fact that in the national statistics the fraction of
biomass in waste is not excluded from other fossil fuels.

For reference approach for 2018 mostly the same data has been used as reported in the
Joint questionnaires to IEA. All NCVs are from SORS except for lubricants and bitumen,
where IPCC default values are used. For Carbon content mostly IPCC default values have
been used. Exception are petroleum coke, lignite, and natural gas, where CS values are
used. Oxidation value is 1 except for lignite where PS oxidation factor is used, because all
lignite has been combusted in one thermal power plant.

In the Annex 4 to the NIR the data on Slovenian energy balance for 2018 is presented as
reported to the Eurostat in the Joint questionnaires (Tables A4.1-A4.4). In the Table A4.5 the

data from RA and EB are compared and all differences are explained.

Table 3.2.3: Differences in energy consumption, % (Reference approach/National Approach)

Fuels 1986 1990 1995 2000 2005 2010 2015 2018
Liquid -2.05 2.83 1.83 -0.06 2.28 1.54 3.80 -1.62
Solid 0.24 1.76 0.32 1.18 -0.51 0.07 1.34 2.06
Gaseous 4.46 -4.97 -2.65 -0.50 0.63 -0.01 0.00 0.00
Other fossil NA NA NA -90.91 16.46 -29.99 18.50 5.74
Total -0.02 0.94 0.62 0.17 1.15 0.61 2.63 -0.27

Table 3.2.4: Differences in CO, emissions, % (Reference approach/National Approach)

Fuels 1986 1990 1995 2000 2005 2010 2015 2018
Liquid -1.72 -3.75 6.15 -3.18 -1,56 -0.13 -0.25 -0.02
Solid 0.24 1.84 0.27 0.88 -0.94 -2.52 -0.06 1.40
Gaseous -4.04 -8.27 -0.51 0.32 0.61 -0.08 0.00 0.00
Other fossil NA NA NA -84.22 159.75 42.62 46.63 52.65
Total -0.83 -1.55 2.98 -1.25 -0.74 -0.81 0.26 1.07

In national statistical publications, “Lignite” is used only for coal excavated in the pit of
Velenje. The coal from other pits is entered as ,brown coal” in spite of virtually the same net
calorific value (NCV). This brown coal is combined with imported coals that have a
considerably higher net calorific value and, in terms of methodology, truly belong to brown
coals. To avoid erroneous interpretations in international comparisons of inventories, we
have decided to combine the entire production of domestic coal in the CRF table 1.A(b) —
Sectoral background data for Energy (Reference Approach) on the basis of net calorific value
under ,Lignite”.
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3.2.2 International Bunker Fuels

International navigation

Slovenia has only one international port “Luka Koper”, but in the period 1986-2004 no ships
were refuelled in that port (mostly the ships were refuelled in the international waters by
Italian ships under Panama flags). Since 2005, a small amount of heavy fuel oil has been
reported as fuel sold to the international marine bunkers for the first time. Since then the
amount of fuel used for this purpose has gradually increased.

Method: Tier 1
Source for AD (amount of heavy fuel oil and NCV): SORS.
Source for EFs: default values from 2006 IPCC Guidelines, Vol. 2. Table 3.5.2 and 3.5.3

The amount of fuel and the corresponding emissions are presented on the table 3.2.5.

Table 3.2.5: International Navigation Bunkers —fuel used in TJ and GHG emissions in kt CO; eq.
2005 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
fuelinTJ 880 768 | 1354 | 2096 | 2586 | 2383 | 2668 | 5122 | 6456 | 8611
kt CO,eq. | 69 60 106 164 202 186 209 400 505 673

International aviation

In the past the entire consumption of jet kerosene was considered aviation bunker fuel since
there were no commercial domestic flights in Slovenia. Following recommendation from ERT
since 2008, data on jet kerosene used in Slovenian Army and Police have been obtained
and belonging emissions have been excluded from international aviation bunkers and
included in 1.A.5.b Other/Mobile. These data are not available for the period 1986-2007.
Following the recommendation from ARR 2011, the fuel used in Slovenian army and Police
has been estimated using correlation with the number of aircrafts in the Slovenian army. For
estimating emissions in the period 1986-1990/91, when Slovenia was still part of Yugoslavia,
the fuel used for the international aviation was estimated taking into account a correlation
with the number of passengers, and the remaining amount of jet-kerosene was counted as
fuel used in the Yugoslavian army over the Slovenian territory.

Table 3.2.6: Consumption of jet kerosene in 2018 in different CRF categories.

Jet kerosene amount | unit amount | unit
1A3a Domestic navigation 190 t 8.8 T)
1A5b Military use of fuel 1,246 t 54.3 T)
Memo — international aviation 32,571 t 1,418.1 T)
Memo — multilateral operation 176 t 7.7 T)
Total 34,183 t 1,488.3| TI

According to the Eurocontrol data a small amount of jet kerosene has been used since 2006
in domestic aviation. After investigation it was found out that this fuel has been used for
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reallocation of airplanes between the two largest airports. Corresponding GHG emissions
have been reallocated from international aviation to domestic aviation accordingly. Use of jet
kerosene in different CRF categories in 2017 is presented in the Table 3.2.6.

Because of negligible quantities of emissions, the entire consumption of aviation gasoline for
piston engine aircraft was counted as consumption and emission in Slovenia, since it was
assumed that this was fuel for a small aircraft, which flies mostly between smaller regional
airports in Slovenia.

Method: Tier 1
Source for AD: SORS, Slovenian Army and Police
Source for EFs: default values from 2006 IPCC Guidelines, Vol.2, Table 3.6.4 and 3.6.5

In the table 3.2.7 the fuel used in international aviation bunkers and corresponding emissions
are presented.

Table 3.2.7: International Aviation Bunkers —fuel used in TJ and GHG emissions in kt CO; eq.

1986 | 1990 | 1995 2000 | 2005 | 2010 2015 2017 2018
fuelinTJ 812 684 799 962 852 1017 1037 1031 1418
kt CO; eq. 59 49 58 69 61 73 75 74 102

Multilateral operations

The jet kerosene used in Slovenian Army and Police have been excluded from international
aviation bunkers and included in 1.A.5.b Other/Mobile. An exception has been the fuel
consumption on international missions since 1997 (Kosovo, Afghanistan...), which has been
included in 1.C.2 Multilateral operations. Information about Slovenian cooperation in
international operations is available on the following web page:
http://www.slovenskavojska.si/en/international-cooperation/international-operations-and-missions/

Method: Tier 1
Source for AD: SORS, Slovenian Army and Police
Source for EFs: default values from 2006 IPCC Guidelines. Table 3.6.4 and 3.6.5

In the table 3.2.8 the fuel used in the multilateral operations and corresponding emissions
are presented.

Table 3.2.8: Multilateral operations -—fuel used in TJ and GHG emissions in kt CO; eq.
1997 2000 2005 2010 2015 2017 2018
fuel inTJ 3 7 6 5 7 8 8
kt CO: eq. 0.2 0.5 0.4 0.4 0.5 0.6 0.6

Emissions from the Army are also included in road transportation (diesel), in Institutional
sector (heating oil) and in civil aviation (aviation gasoline).
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3.2.3 Feedstock and Non-Energy Use of Fuels

Natural gas

Source of activity: all data are from SORS

Figure 3.2.2: Methanol production in Nafta-Petrochem Lendava.

The biggest fraction of non-energy usage of fuels was the consumption of natural gas for the
production of methanol, amounting to 89,475 Sm? of natural gas in 2010, when this
production stopped, and there has been no methanol production in Slovenia since 2011.

Natural gas was entirely used as the row material for transformation into methanol. In every
cycle only a fifth of it is transformed to the product, while the remaining natural gas is returned

into the process. The schematic diagram of the process is shown in the Figure 3.2.3.

In Slovenia, low-pressure Lurgi technology is used. The methanol is produced from synthesis
gas obtained from natural gas and steam in reactor

CH4+ H,O — CO + 3 H>
This reaction, commonly called steam-methane reforming or SMR, is endothermic and the
heat transfer limitations place limits on the size of the catalytic reactors used. The carbon
monoxide and hydrogen then react on a second catalyst to produce methanol.
The exothermal methanol reactor with three main reactions:

CO + 2H, — CH30OH

CO; + 3H, —» CH30H + H,O

CO,+ H; » CO + H0O

is operated at high pressure and unconverted gas is recycled.
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Figure 3.2.3: Schematic diagram of methanol production.

Stored CO; has been calculated on the basis of the formula from IPCC guidelines. We have
assumed that all methane used for methanol production is stored in the product or in CO in
emitted gas. This fact was confirmed also by expert from the company Nafta-Petrochem.

The amount of CO; excluded from the energy sector is presented in the table 3.2.9.

Table 3.2.9: Non-energy use of natural gas

unit 1986 1990 1995 2000 2005 2010 (2015 |[2017 |2018
Natural Gas 1000 m® | 67666 | 69524 | 91577 | 136740 | 164407 | 97004 | 6176| 6647 | 6991
Carbon EF tC/T) 15,079 15,079 | 15,077 | 15,079 | 15,079 15,079 15,079 | 15,079 | 15,079
Excluded CO2> |kt 125.4| 131.02 | 172.6| 257.7 292.5| 182.8 11.6 12.5 13.2

The remaining amount of non-energy use of natural gas is used in the chemical industry also
as a row material for production of organic and inorganic chemicals and plastics. The detailed
data on non-energy use of natural gas are presented in the Table 3.2.10.

Table 3.2.10: Non-energy use of natural gas for different products.

unit 2005 2010 | 2011 | 2012 | 2015 | 2017 | 2018
Methanol prod. 1000 Sm? | 145,903 | 89,475 0 0 0 0 0
Other org. chem. 1000 Sm? 410 0 0 0 0 0 0
Inorganic chem. 1000 Sm?3 8,314 7,465 | 6,164 | 5,305 | 5,765 | 6,615 | 6,985
Rubber and Plastics | 1000 Sm? 590 61 0 0 0 0 0
Other 1000 Sm? 0 0 0 0 411 32 6
Total 1000 Sm*® | 155,217 | 97,001 | 6,164 | 5,305 | 6,176 | 6,647 | 6,991
Total T) 5,290 3,306 210 181 210 227 238
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During the UNFCCC review in 2018 the ERT noted, that natural gas used in the chemical
industry usually is not stored in the product and should be reported as CO2 emissions in the
IPPU sector. After investigation it was found out that majority of non-energy use of natural
gas since 2011 is used for hydrogen production by steam reforming. In the resubmission
during the review week we have included CO2 emission for the period 2011-2016 from
hydrogen production under IPPU sector in the category 2B10 Other chemical industry.
However, for the 2019 present submission we have estimated these emissions also for the
period 1986-2010. In addition, we have considered that all amount of non-energy use of
natural gas, except for methanol production, have emitted CO,. Therefore, all excluded CO;
since 2011 is now reported in the IPPU sector under hydrogen production.

Lubricants

According to the Statistical data all lubricants in Slovenia have been used for non-energy
purpose only. Data about different types of use are not available. Likely, the largest
applications for lubricants are in the form of motor oil. After the end of use, the lubricants
which have been used in the engines are collected and mostly used as a fuel. Lubricants
reported in the different sectors are presented in the table 3.2.11.

Table 3.2.11: Oil and Lubricants

unit | 1986 | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2017 | 2018

Apparent consumption kt 6.6 7.2 4.2 11 28 12 27 36 36.8
Road transport kt 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0
IPPU kt 6.5 7.1 4.1 109 | 279 | 119 | 26.9 36 36.8

In the line with the IPCC methodology emissions from lubricants used in the 2-stroke engines
are reported in energy sector under road transport, while other emissions from lubricants are
reported in the IPPU sector.

The remaining amount of lubricants which is not combusted or oxidised during use is
collected as waste oil. Slovenia has been adhering to the basic system of collection, recovery
and disposal of waste oil since 1998. The main foci and provisions regarding the programme
of waste oil management are stipulated in our legislation, in particular in the Decree on the
disposal of waste oils, which is harmonized with the EU directive on the disposal of waste
oils. Producers of waste oil are obliged to deliver the oil to collection services. Each collector
must have a collection centre and must ensure either recovery or disposal of waste oils.
Recovery is the preferred choice, if technically feasible and if its cost is not unreasonably
higher than the cost of disposal. One of the forms of recovery is the utilisation of waste oils
for energy — co-incineration in accordance with recovery procedure R1. Records by the SEA
show that most waste oils have been used for this purpose. The only evidence of such a use
is in the cement production. Emissions are already included in the inventory and are reported
in the CRF tables in “1.A.2.g.viii Manufacturing industry and construction/Other industries
under other fossil fuels”.

A small portion of collected waste oils has also been incinerated (procedure R9) or reformed
and then reused (procedure D10). We reported these emissions in waste sector under waste
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incineration in submission 2010 for the first time. No other use of lubricants as a fuel has
been recorded in Slovenia until now.

The data on import and export as well as data from waste oil combusted in the industry have
been obtained from SORS while the data on incineration of waste oils are from SEA.

Stored CO: has been calculated on the basis of the formula 6.4 from 2006, IPCC Guidelines,
Vol. 2, Ch.6 Reference Approach.

Other types of fuels

Coke and petroleum coke, used in industry as reduction agent or feedstock, have been
subtracted from energy sector and emissions from these fuels are presented in industrial
processes sector.

Before 1997, amount of coke, used for production of iron and steel, ferroalloys and carbide
was reported as fuel consumption in relevant sectors. After 1997, this fuel started to be
collected separately, but it took a while that all non-energy used fuel was reported correctly.
Energy and non-energy use of fuels in industry have been presented separately in statistical
data since 2000.

To avoid double counting we have subtracted all coke used in iron and steel, ferroalloys and
carbide production from energy sector except coke in iron production in the base year 1986.
In that time, pig iron was still produced and disaggregated into the consumption of fuel as an
additive. Thus the consumption of fuel as an energy product was impossible. For
consumption of coke, the decision was taken to attribute all coke, which is consumed in the
production of iron and steel in this year, to the energy sector as fuel consumption and no
emissions from coke used in iron and steel production are presented in industrial processes.

There are also other uses of fuel in chemical processes not emitting any GHGs, therefore no
explanation is included in the CRF tables. In 2018, a small amount of fuel oil, LPG, other
kerosene, and white spirit was used, mostly for production of lacquers, paintings and other
coatings. The same is valid also for bitumen which is used for road paving and for production
of roofing material and during this process no GHG emissions are occurring.
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3.2.4 Energy industries (CRF 1A1)

3.2.4.1 Category description

This chapter presents the consumption of fuels and emissions of greenhouse gases in:

» Public Electricity and Heat Production (CRF 1Ala)
» Petroleum Refining (CRF 1Alb)
» Manufacture of solid fuels and Other Energy Industries (CRF 1Alc)

Overview of the methods and EFs used as well as an indication whether a category is a key
are presented in the Table 3.2.12 below.

Table 3.2.12: Method, EF used and key categories indications for the year 2018 in Energy industries.

CO; CH, N.O
Fuel type | Method EF Key Method | EF Key Method EF Key
category category category
solid T3 PS LT T1 D - T1 D -
liquid T1 D T T1 D - T1 D -
gaseous T2 CS LT T1 D - T1 D -
biomass T1 D - T1 D - T1 D -
other T1 D - T1 D - T1 D -
GHG emissions
(kt CO2eq.)
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Figure 3.2.4: GHG emissions from Energy Industries in kt CO; equivalents.

53




SLOVENIA'S NATIONAL INVENTORY REPORT 2020

Public electricity and heat production is the most important category in this sub-sector with
97.5% share in the base year and almost 100% share in 2018. Other two categories consist
mainly of fuel consumption in one refinery (closed in 2004) and in fuel consumption for coal
mining activities and gas extraction. Emissions are presented on Figure 3.2.4 and in the
Table 3.2.13.

Table 3.2.13: GHG emissions from Energy Industries in kt CO- eq.

1986 | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2017 | 2018

1. Energy Industries 6841 | 6375 | 5725 | 5594 | 6448 | 6340 | 4562 | 4915 | 4800

a. Public Electricity and
. 6672 6122 5611 5562 6447 6325 4556 4915 4800
Heat Production

b. Petroleum Refining 63 170 93 32 NO NO NO NO NO

c. Manufacture of Solid
106 82 21 0 2 14 6 0 0
Fuels and Oth. Energy Ind.

3.2.4.2 Methodological issues

To estimate emissions from Energy industries the following methodology has been adopted:
Emissions = Quantity of Fuel Combusted x NCV x EF per energy of Fuel x OF

In the most cases oxidation factor is 1 except in two thermal power plants. (see chapter
3.2.4.2.1 below).

Activity data

The main source of data for all energy industries in the Republic of Slovenia for the period
1986-2004 is LEG — Annual Energy Statistics of the Energy Sector of the Republic of
Slovenia. Since 2005 data are obtained from the SORS in the electronic format before they
are published. In addition since 2005, the data from the verified reports from ETS have been
used.

Data on fuel consumption by type and year are reported in the Annex 3 to the NIR.

Net calorific values

Net calorific values have been taken from SORS (Table 3.2.14) except for solid fuels. Since
2005 all three thermal power plants were included into the EU-ETS and very detailed data
on NCV became available. The values for solid fuel varies from year to year but for the liquid
and gaseous fuel almost the same values have been used for the entire period as these
types of fuel don’t change a lot from year to year.
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Sub- Sub- T
Lignite | bituminous | bituminous . Gas Residual Natural
Year . minous . . LPG Wood
(Velenje) Coal - Coal - Coal oil Fuel Oil Gas
domestic imported
TJ/kt TJ/kt TJ/kt TJ/kt TI/kt TI/kt Ti/kt | TJ/Mm3 TJ/kt
1986 9.390 11.880 41.820 39.740 |46.000| 33.500 | 12.170
1987 9,650 11.820 41.870 39.800 |46.000| 33,500 | 12.170
1988 9,440 12.000 41.870 39.800 |46.000| 34,080 | 12.170
1989 9,820 12.050 41.870 39.900 |46.000| 34,100 | 12.170
1990 9.810 12.760 41.870 39.800 |46.000| 34.100 | 12.170
1991 9.980 12.879 41.880 39.800 |46.000| 34.100 | 12.170
1992 10.260 12.589 41.900 39.900 |46.000| 34.100 | 12.170
1993 10.070 12.050 41.900 39.800 |46.000| 34.100 | 12.170
1994 9.960 12.666 41.900 39.860 |46.000| 34.100 | 12.170
1995 10.220 11.250 17.410 41.900 40.000 |[46.000| 34.100 12.170
1996 9.690 11.300 17.410 41.900 40.000 |[46.000| 34.100 | 12.170
1997 9.610 11.300 17.360 41.900 40.000 |46.050| 34.080 | 12.170
1998 10.010 11.230 17.760 41.900 40.000 |[46.050| 34.080 | 12.170
1999 9.690 11.110 17.560 41.900 40.000 |[46.050| 34.080 | 12.170
2000 10.170 11.230 17.940 41.900 40.000 |[46.050| 34.080 | 12.170
2001 10.660 10.660 17.940 41.900 40.000 |[46.050| 34.080 | 12.170
2002 10.350 11.220 18.380 41.900 40.000 |46.050| 34.080 | 12.170
2003 10.138 11.560 18.310 41.900 40.000 |[46.050| 34.080 | 12.170
2004 10.301 11.680 18.676 41.900 40.000 |[46.050| 34.080 | 12.170
2005 10.803 11.724 18.180 41.900 40.000 |[46.050| 34.080 | 12.170
2006 11.132 10.880 18.874 42.600 41.420 |46.050| 34.072 9.764
2007 11.259 11.763 18.275 42.600 41.420 |46.050| 34.078 9.141
2008 10.949 11.654 17.714 42.600 41.420 |46.050| 34.096 | 11.512
2009 10.894 11.094 17.872 28.612 42.600 41.420 |46.050| 34.074 11.128
2010 11.097 12.815 18.130 28.271 | 42.600 41.420 |46.050 | 34.080 9.871
2011 11.051 11.935 18.428 28.251 | 42.600 41.420 |46.050| 34.087 | 10.267
2012 10.604 11.778 18.524 26.140 | 42.600 41.420 |46.050| 34.093 | 10.560
2013 11.591 11.946 18.457 25.180 | 42.600 41.420 |46.050| 34.079 | 10.262
2014 10.823 11.727 18.655 26.590 | 42.600 41.420 |46.050 | 34.083 10.510
2015 11.418 - 18.629 25.800 | 42.600 41.420 |46.050| 34.086 | 10.474
2016 11.733 - 18.595 25.898 | 42.600 41.420 |46.050| 34.087 | 10.519
2017 11.640 - 18.230 26.293 | 42.600 41.420 |46.050| 34.085 | 10.706
2018 11.521 - 18.238 25.800 | 42.600 41.420 |46.050| 34.084 | 10.583

Emission factors

For coal and natural gas a country specific/plant specific CO, EFs have been used; a more
detailed description is in chapter 3.2. Emission factors for all other fuels have been taken
from 2006 IPCC Guidelines, Vol. 2 Energy, Table 2.2. On the table 3.2.15 EFs used in the
period 1986-2018 are presented.
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Table 3.2.15: EFs used for the period 1986-2018

. . Residual Natural | Solid Bio- Gas Wastes

Unit Coal Gas Oil . LPG . i
Fuel Oil Gas fuels Biomass | (plastics)

NIR, Tables:
NIR, Table
CO2EF | t/TJ 3.2.1, 74.1 77.4 63.1 399 112 54.6 73.3
3.2.17-20 o
CH4EF | t/T) 0.001 0.003 0.003 0.001 0.001 0.03 0.001 0.01
N2O EF | t/TJ 0.0015 0.0006 0.0006 0.0001 0.0001 0.004 0.0001 0.004

3.2.4.2.1 Public Electricity and Heat Production (CRF 1Ala)

In this sub-category, there were three big point sources in the Republic of Slovenia, which
represent the backbone of electrical energy production from thermal power plants. All three
plants use coal for the production of electrical energy (Table 3.2.16). Two of these thermal
power plants (the Sostanj Thermal Power Plant - TES and the Trbovlje Thermal Power Plant
- TET) are located beside coal pits. In 2014 the Trbovlje TPP was closed and since then only
two plants have remained. Since 2003, CHP Ljubljana — TE-TOL uses exclusively imported
coal with high net calorific value and low sulphur contents for the production of electrical
energy and heat.

Table 3.2.16: Public electricity and Combined Heat and Power Plants in Slovenia

Power plant | Location Unit period Power (MW) | Main fuel type

TES Sostanj A/1 1956-2010 30.0 Lignite from Velenje

TES Sostanj A/2 1956-2008 30.0 Lignite from Velenje

TES Sostanj A/3 1960-2014 75.0 Lignite from Velenje

TES Sostanj Unit 4 1972-today 275.0 Lignite from Velenje

TES Sostanj Unit 5 1977-today 345.0 Lignite from Velenje

TES Sostanj Unit 6 2016-today 600.0 Lignite from Velenje

TES Sostanj Gas units | 2008-today 2x42.0 Natural gas

TE-TOL Ljubljana | D/1 1966-today 136.0 Imported coal

TE-TOL Ljubljana | D/2 1967-today 126.0 Imported coal

TE-TOL Ljubljana | D/3 1984-today 202.0 Imported coal, since 2008 also wood
TET Trbovlje F/4 1968-2014 125.0 Coal, mostly domestic brown coal

In addition to these thermal power plants we also have one small plant Brestanica — TEB
which uses natural gas and operates mainly as a back-up plant when more electricity is
needed or when any other plant is on refit.

Solid fuels

Since 2005 all public power plants are included into ETS and therefore plant specific CO-
EFs are used.
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In Sostanj Thermal Power Plant -TES considering solid fuel only lignite from Velenje pit
had been combusted in this plant and CO; EFs from Table 3.2.1 have been used. Until 20111
the oxidation Since 2011 the oxidation factor was 1, while since then the PS OF has been
determined and they are presented in the table 3.2.17.

Table 3.2.17: Plant specific oxidation factor for coal used in TES.
2011 2012 2013 2014 2015 2016 2017 2018
Oxidation factor | 0.997 0.989 0.990 0.991 0.993 0.997 0.995 0.997

In Trbovlje Thermal Power Plant — TET the low calorific brown coal from Trbovlje-Hrastnik
pit was used. Since 2007 also a small amount of imported lignite has been used as well. For
calculation of CO, emissions before 2005 the default EF from IPCC 2006 Guidelines for
lignite (101 t/TJ) has been used while since 2005 plant specific EFs presented in the table
2.3.18 from ETS have been used. Since 2010 the oxidation factor has been determined and
is presented in the table 3.2.19. At the end of 2014 the plant has ceased the electricity
production and since then is closed.

Table 3.2.18: Plant specific CO; EFs for domestic brown coal from Trbovlje pit used in TET.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

t CO2/TJ | 101.935| 102.890 | 101.661 | 101.807 | 102.707 | 101.329 | 101.180 | 101.186 | 101.220 | 103.744

Table 3.2.19: Plant specific oxidation factor for coal used in TET.
2010 2011 2012 2013 2014
Oxidation factor 0.997 0.976 0.979 0.982 0.983

In CHP Ljubljana — TE-TOL since 1995 only imported sub-bituminous coal has been used
For calculation CO, emission before 2005 the average EF for the period 2005-2013 (99.427
t/TJ) was used while since 2005 plant specific EFs presented in the Table 2.3.20 from ETS
have been used. Oxidation factor for the entire period was 1.

Table 3.2.20: Plant specific CO; EFs for imported sub-bituminous coal used in TE-TOL.

2005 2010 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

t CO2/TJ | 100.407 | 100.423 | 98.837 | 97.000 | 97.213 | 97.085 | 97.240 | 96.787 | 96.796 | 96.793

Since 2009 sub-bituminous coal and Bituminous coal are used in one small heat plant. EFs
are available from ETS and are presented in the table 2.3.21, the oxidation factor was 1.

Table 3.2.21: Plant specific CO. EFs for imported sub-bituminous and bituminous coal used in one
cogeneration heat plant.

Coal type Unit 2009 2010 2011 2012 2013 2014 | Since 2015
Sub-bituminous | t CO2/TJ | 99.047 | 97.310 | 98.331 | 99.407 NO NO NO
Bituminous t CO2/T) | 92.742 | 92.829 | 90.881 | 92.513 | 94.022 | 93.431 94.600
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Waste Incineration

Emissions from the category “Other fossil fuels” have arisen from the only Slovenian waste
incineration thermal plant which has started to work in 2009. Data on the amount of
incinerated waste, NCVs and the split between biogenic and other waste have been obtained
directly from the plant. It shows that the most of the non-biogenic fraction of the waste is
plastics. Because plastics are made from fossil fuels, its combustion is considered an
anthropogenic source of carbon emissions.

CO:z emissions from the incineration of plastics depend on the carbon content of the plastic
and the amount of carbon that is converted to CO during the combustion process. There is
no EF available in the 2006 IPCC guidelines. After a research done on scientific literature,
available on the web, the emission factor of 20 t C/TJ has been used (73.3t CO/TJ). It is
the same as the lower value for combustion of non-biomass fraction of municipal waste in
2006 IPCC Guidelines, Table 2.2.

For the calculation of non-CO2 emissions, the following values from the IPCC 2006 GL, from
Table 2.2. for industrial waste have been used: CH4 EF 0.01 t CH, /TJ (lower value) and N.O
EF 0.004 N2O/TJ (default).

3.2.4.2.2 Petroleum Refining (CRF 1A1lb)

The main representative of this category was the company Nafta Lendava Refinery —
Slovenia’s only refinery, which stopped oil refining in 2003. According to the statistical
methodology in the period 1986-1996, this sector also included quantities of fuels that were
consumed for the production of electric energy in this sector.

Activity data

Data on the consumption of fuels in this sector for the period 1986-2004 have been collected
in LEG — Annual Energy Statistics of the Energy Sector of the Republic of Slovenia:

for the period 1986-1996 under ,Oil Industry”

From 1997 — 2004 under ,DF-Production of coke, refined petroleum products and nuclear
fuel”

- For the consumption of liquid fuels Table Tg/3 or Table Pg/6 for LPG

- For the consumption of solid fuels Table Pr/6

- For the consumption of gaseous fuels  Table Pg/6

After 1996, data on the consumption in this sector have been included in the industrial sector
DF — Production of coke, refined petroleum products, and nuclear fuel. With regard to the
fact that there is neither production of coke nor nuclear fuel in the Republic of Slovenia, data
for the period 1997-2003 are comparable to the data from the period 1986-1996.
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In 2003, the only petroleum refinery was closed and no emissions have occurred from this
category since 2004. Data on the fuel consumption by type and year are reported in the
Annex 3 to the NIR.

3.2.4.2.3 Manufacture of Solid Fuels and Other Energy Industries (CRF 1A1c)

This sector covers the consumption of fuels reported in LEG under “Coal-mining” or, since
1997, under CA — Production of energy commodities and DF — Production of fuels.

Activity data

The consumptions according to individual energy products are collected in the LEG tables
as follows:

For the period 1986-1996 under ,Coal-mining”

From 1997 onwards under ,,CA—Production of energy commodities”

- For the consumption of liquid fuels Table Tg/3 or Table Pg/6 for LPG
- For the consumption of solid fuels Table Pr/6
- For the consumption gaseous fuels Table Pg/6

Since 2004, data are available in the excel files from SORS (E_PE-M YYYY.xls).
In the period 2004 -2007 according to the old SKD classification the following SKD categories
have been included in this CRF category:

CAl10 Mining of coal and lignite
CAll Extraction of crude petroleum and natural gas including support activities
DF Production of coke, refined petroleum products and nuclear fuel

Since 2008, the new SKD_ 2008 classification has been used and the following categories
have been included in this CRF category:

B0O5 Mining of coal and lignite

B06 Extraction of crude petroleum and natural gas

B09.1 Support activities for petroleum and natural gas mining

Cl19.1 Manufacturing of coke oven products - do not exist in Slovenia.

C19.2 Manufacturing of refined petroleum products — do not exist since 2003

Data on the fuel consumption by type and year are reported in the Annex 3 to the NIR.

3.2.4.3 Uncertainty and time —series consistency

Uncertainty estimates for energy industry in the base year are based on an expert judgement.
To determine the uncertainties of the AD, consultations with experts from SORS were
performed, while values from the IPCC Guidelines have also been taken into account for the
uncertainties of EF.

The uncertainty of the activity data is a combination of systematic and random errors. The
statistical data which are obtained from the obligatory reporting are usually within 3%. In
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addition, the activity data are subject to the random errors in the data collection. Countries
with good data collection systems may keep the random error to about 2-3%. The experts
believe that for most developed countries the total uncertainties of the activity data are in the
range of 5%. After consultation with SORS and taking into account levels of uncertainties
associated with stationary combustion recommended in 2006 IPCC GL, we have used
different uncertainties for different types of fuel as presented in the Table 3.2.22.

Table 3.2.22: Uncertainties of activity data and emission factors as used in the 2019 submission for the
base year and the last reporting year.

1986 2017
AD CO EF CH4 EF N,O EF AD CO EF CH4 EF N2O EF
Liquid 5 2 150 150 2 150 150
Solid 10 6.4 135 150 2.5 135 150
Gaseous 5 2.5 135 135 2.5 135 135
Other NO NA NA NA 7.7 5 150 170
Biomass 10 NA 150 170 10 NA 150 170

In the calculating of emissions from this sector, the plant-specific emission factors, based on
coal sampling and ascertaining the carbon contents have been applied for all solid fuel. All
analyses have been done in an accredited laboratory in accordance with the EN ISO 17025
(“General requirements for the competence of testing and calibration laboratories”). The
public power plants included in ETS have presented their plan of measures to ensure that
the fuel consumption will be measured without intermediate storage before the combustion
in the installation, applying measuring devices resulting in a maximum permissible
uncertainty of less than +/- 2.5% for the measuring process.

3.2.4.4 Category-specific QA/QC and verification

Starting in 2005, all thermal power plants in the Republic of Slovenia have carried out regular
coal sampling and determined the carbon content in accordance with the Monitoring
guidelines for monitoring and reporting of greenhouse gas emissions pursuant to Directive
2003/87/EC of European Parliament and of the Council and all amending directive,
necessary for CO; emission trading on the territory of the European Union. For this reason,
the plant specific CO, EF have been also used for coal from Trbovlje pit in 2006 for the first
time.

The monitoring of the fuel in all thermal power plants under EU-ETS is defined in the permit
and accompanied monitoring plan. Each fuel is monitored with maximum uncertainty which
depends on the total GHG emissions from the plant and typical consumption of a particular
fuel. All three plants have to monitor the coal consumption on the higher level of accuracy
and determine NCV and C content in the accredited laboratory for every batch of fuel. The
fourth plant is using natural gas as a main fuel.

The detailed descriptions of requirements are in the Guidelines for the monitoring and
reporting: (COMMISSION REGULATION (EU) No 601/2012 of 21 June 2012 on the
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monitoring and reporting of greenhouse gas emissions pursuant to Directive 2003/87/EC of
the European Parliament and of the Council)
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32012R0601

Description of the Requests under Particular Tier (Table 3.2.23)

AD

Tier_1: The fuel consumption covering the reporting period shall be determined by the
operator or fuel supplier within a maximum uncertainty of less than +7.5% taking into account
the effect of stock changes where applicable.

Tier_2: The fuel consumption covering the reporting period shall be determined by the
operator or fuel supplier within a maximum uncertainty of less than +5.0% taking into account
the effect of stock changes where applicable.

Tier_3: The fuel consumption covering the reporting period shall be determined by the
operator or fuel supplier within a maximum uncertainty of less than +2.5% taking into account
the effect of stock changes where applicable.

Tier_4: The fuel consumption covering the reporting period shall be determined by the
operator or fuel supplier within a maximum uncertainty of less than +1.5% taking into account
the effect of stock changes where applicable.

Table 3.2.23: Levels of pretentiousness (Tiers) for fuels used in TPP in Slovenia in 2005-2018.

AD NCV CO, EF

Natural gas Tier4 Tier 2a Tier 2a

Solid fuel Tier 3 Tier 3 Tier 3

Fuel oil Tier 1 or2 Tier 2a Tier 2a
NCV

Tier 2a: The operator applies country-specific net calorific values for the respective fuel as
reported by the respective Member State in its latest national inventory submitted to the
Secretariat of the United Nations Framework Convention on Climate Change.

Tier 3: The net calorific value representative for the fuel in an installation is measured by the
operator, a contracted laboratory or the fuel supplier in accordance with the provisions of
Article 32 to 35 of Commission Regulation 601/2012 on the monitoring and reporting.

EF

Tier 2a: The operator applies country-specific emission factors for the respective fuel as
reported by the respective Member State in its latest national inventory submitted to the
Secretariat of the United Nations Framework Convention on Climate Change.

Tier 3: Activity-specific emission factors for the fuel are determined by the operator, an
external laboratory or the fuel supplier according with the provisions of Article 32 to 35 of
Commission Regulation 601/2012 on the monitoring and reporting.

For the thermal power plants the aggregated solid fuel from SORS data are compared with
the sum of the fuel used from the verified ETS reports. The NCVs are also checked. In case
these numbers are not the same as in ETS, the data from ETS is taken into account and a
notification to SORS is made.

61


http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32012R0601

SLOVENIA'S NATIONAL INVENTORY REPORT 2020

Additional QA activity is the reference approach. Before entering data into the database, the
sum of each fuel from the disaggregated data is compared with the energy balance data,
reported in the Joint Questioner. Until 2017 data in JQ are rounded to 1000 units and the
difference should be 500 units or less. If the difference was higher, the reasons for this
discrepancy should be found.

3.2.4.5 Category-specific recalculations

No recalculations have been performed for this category.

3.2.4.6 Category-specific planned improvement

No improvement is planned for this category.
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3.2.5.1 Category description

This chapter presents the consumption of fuels and emissions of greenhouse gases in six
specific types of industry, all others are covered by other industry, which includes also fuel
for construction industry. An overview of the methods and EFs used as well as an indication
whether a category is a key are presented in the Table 3.2.24 below.

Table 3.2.24: Method, EF used and key categories indications for the year 2018 in Energy industries.

CO: CHa N0

Fueltype | Method |  EF cat':eg‘;ry Method | EF cat'ieg‘;ry Method | EF cat'::;ry
solid T3 PS LT T1 D - T1 D -
liquid T1 D LT T1 D - T1 D -
gaseous T2 CS LT T1 D - T1 D -
biomass T1 D - T1 D - T1 D -
other T1,T3 D, PS LT T1 D - T1 D -

GHG emissions
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Figure 3.2.5: GHG Emissions from Manufacturing Industries and Construction

There was an appreciable reduction of GHGs from Manufacturing industry between 1986
and 2001 (-50.3%). After 2001, a stabilisation of emissions was observed until 2008. Due to
the global financial crisis, emissions from Manufacturing industry and construction decreased
in 2009 by 15.6%. In the following years the emissions have further decreased and altogether
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in the 2015 due to the economic crises emissions from manufacturing industries and
construction were lower by 31.3% from emissions in 2008. Due to the economic recovery in
the last years emissions started to increase again - in 2018 they increase by 8.9% compared
to the previous year.

Table 3.2.25: GHG emissions from Manufacturing Industries and Construction in kt CO; eq.

1986 | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2017 | 2018
2. Manufacturing Ind. and Constr. 4460 | 3151 | 2634 | 2277 | 2485 | 1916 | 1591 | 1679 | 1828
a. Iron and Steel 1157 422 232 282 209 199 193 216 210
b. Non-Ferrous Metals 448 440 178 63 62 89 105 127 123
c. Chemicals 100 210 154 170 170 120 72 70 65
d. Pulp, Paper and Print 660 383 695 507 562 386 314 308 311
e. Food Processing, Bev. and Tob. 251 221 203 183 174 111 89 88 109
f. Non-metallic minerals 354 297 266 534 600 475 402 446 470
g. Other 1489 | 1178 906 538 708 536 415 424 540

In the Figure 3.2.6 energy from different types of fuel used in the manufacturing industries
and constriction is presented. While the use of liquid and solid fuels is decreasing in the last
years, the use of natural gas and biomass stays rather constant. The use of waste fuels
(other) is slowly increasing but it is still almost negligible.
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Figure 3.2.6: Energy of fuel used in manufacturing industries and construction in TJ.
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3.2.5.2 Methodological issues

The emissions from the combustion in the sector Manufacturing industries and construction
were estimated using the Tier 1 methodology described in the 2006 IPCC GL. The following
basic formula was used:

Emissions = Quantity of Fuel Combusted x NCV x EF per energy of Fuel x OF

In all cases oxidation factor is 1.

Activity data

The consumption in each category has to be determined in accordance with the classification
of activities applied in IPCC guidelines.

PERIOD 1986-1996

Table 3.2.26: Conversion table between national energy statistics (LEG) and CRF

CRF category LEG Classification (1986-1996)
Iron and Steel Iron and Steel Production
Non-Ferrous Metals Non-Ferrous Metals
Chemicals Chemical Industry
Pulp. Paper and Print Pulp and Paper Industry, Print Industry
Food Processing. Beverages and Tobacco Food Processing Industry, Tobacco Industry
Non-metallic minerals Non-metal industry
Other Metal Industry
Shipbuilding

Electrical Industry
Construction
Timber Industry
Textile Industry
Leather Industry
Rubber Industry
Recycling

Other Industry

The classification applied in LEG has been taken as the basis and the conversion table
between LEG and CRF is presented in the table 3.2.26.

PERIOD 1997-2003

In 1997, LEG began to publish data according to the Standard Classification of Activities,
(SCA) which in some categories differs from the classification, which had been used until
1996. Most of the activities are defined in a similar manner, but this is not possible for all
activities. The table 3.2.27 shows the distribution of activities in accordance with the IPCC
classification.
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For the consumption in individual industrial sectors there are detailed (disaggregated) data,
the values of which was strongly dependant on the mode of reporting and features of the
individual industrial sectors characterized by high concentration (values depending on the
consumption in one or two factories) in Slovenia. The data from the basic sources shows
some relatively big changes in the consumption of fuels in some sectors.

Table 3.2.27: Conversion table between national energy statistics (LEG) and CRF

CRF category

LEG Classification — SCA category

Iron and Steel

Non-Ferrous Metals

DJ - Production of metals and metal products

Chemicals

DG - Production of chemicals

Pulp. Paper and Print

DE - Production of fibres, pulp, paper, and cardboard

Food Processing, Beverages and Tobacco

DA — Production of food, beverages, and tobacco products

Non-metallic Minerals

DI - Production of non-metal mineral products

Other

DB - Production of textiles

DC - Production of leather and leather goods

DD — Wood-processing and woodworking

DH - Production of rubber products

DK - Production of machines and devices

DL - Production of electrical and optical equipment
DM - Production of vehicles and vessels

DN - Production of furniture. not included elsewhere
F - Construction

YEARS 2004 - 2007

Since 2004 very detailed data about the fuel consumption in the industry became available
in electronic format. The non-energy and energy use of fuels are reported separately. The
data about the fuel consumption and NCV are reported on the lowest level of disaggregation
possible. For this reason, from 2004 on the fuel consumption in iron and steel industry and
in non-ferrous metals industry can be separated according to the rules presented in the
following Table 3.2.28.

Table 3.2.28: Table for disaggregation of fuel in DJ sector (manufacture of basic metals and fabricated

metal products)

SCA category CRF category Description

DJ27.1 Iron and Steel Manufacture of basic iron and steel and of ferrous alloys

DJ 27.2 Iron and Steel Manufacture of tubes

DJ27.3 Iron and Steel Other first processing of iron and steel

D) 27.4 Non-ferrous Metal Manufacture of basic precious and non-ferrous metals

DJ 27.510 Iron and Steel Casting of iron

DJ 27.520 Iron and Steel Casting of steel

DJ 27.530 Non-ferrous Metal Casting of light metal

DJ 27.540 Non-ferrous Metal Casting of other non-ferrous metal

DJ 28 Other industry Mar'mufacture of fabricated metal products, except machinery and
equipment
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YEARS 2008 - 2018

Table 3.2.29: Conversion table between the CRF categories and The Standard Classification of
Activities (SKD).

CRF category Description

C24.1 Manufacture of basic iron and steel and of ferrous alloys

C 24.2 Manufacture of tubes, pipes, hollow profiles and related
1.A.2.a fittings, of steel

Iron and Steel C24.3 Manufacture of other products of first processing of steel

C 24.51 Casting of iron

C 24.52 Casting of steel

C24.4 Manufacture of basic precious and non-ferrous metals

1.A2.b

C 24.53 Casting of light metal
Non-ferrous Metal

C 24.54 Casting of other non-ferrous metal

1'A'2',C C20 Manufacture of chemicals and chemical products
Chemicals
1.A.2d C17 Manufacture of paper and paper products
Pulp. Paper and Print C18 Printing and reproduction of recorded media
1.A2.e C10 Manufacture of food products
Food Processing, Beverages and|C11 Manufacture of beverages
Tobacco C12 Manufacture of tobacco products
1.A2.f .
o C23 Manufacture of other non-metallic mineral products
Non-metallic Minerals
1.A.2.g.vii
Off road vehicles and other F Construction (only gasoline and diesel fuel)
machinery
C13 Manufacture of textiles
C14 Manufacture of wearing apparel
C15 Manufacture of leather and related products
C16 Manufacture of wood and of products of wood and cork,
except furniture, manufacture of articles of straw and plaiting
materials
C21 Manufacture of basic pharmaceutical products and
pharmaceutical preparations
C22 Manufacture of rubber and plastic products
1.A.2.g.viil C25 Manufacture of metallic products
Other

C26 Production of electrical and optical equipment

C27 Production of electrical equipment

C28 Production of machines and devices

C29 Production of vehicles

C30 Production of vessels

C31 Production of furniture

C32 Other manufacturing

C33 Repair and installation of machinery and equipment

F Construction (all other fuels except diesel and gasoline)
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In 2008 the new SCA (Standard Classification of Activities) was applied by SORS which is
used until present. The main advantage is that the new classification enables the
disaggregation of data on much more detailed level. The conversion table between CRF and
the national energy statistics is presented in the Table 3.2.29 on the previous page.

Net calorific values

Table 3.2.30: Average NCVs for solid fuels and petroleum coke used in manufacturing industry and
construction

Sub- Sub-
Lignite — | bituminous bitumino Other
domestic Coal - Lignite - | us Coal - | Bituminous Petroleum
Year | (Velenje) | domestic | imported | imported Coal Anthracite | Coke coke
Ti/kt TJ/kt TI/kt TJ/kt TJ/kt TJ/kt TI/kt TJ/kt

1986 9.390 11.880 27.57 29.25 29.30 31.000
1987 9.650 11.820 27.57 29.25 29.30 31.000
1988 9.440 12.000 27.57 29.25 29.30 31.000
1989 9.820 12.050 27.57 29.25 29.30 31.000
1990 9.810 12.760 27.57 29.25 29.30 31.000
1991 9.980 12.879 25.00 29.25 29.30 31.000
1992 10.260 12.589 25.00 29.25 29.30 31.000
1993 10.070 13.351 25.00 29.25 29.30 31.000
1994 9.960 12.666 25.00 29.25 29.30 31.000
1995 10.220 17.404 25.00 29.31 29.31 31.000
1996 9.690 16.353 25.00 29.31 29.31 31.000
1997 9.610 17.712 25.00 29.31 29.31 31.000
1998 10.010 20.664 25.00 29.31 29.31 31.000
1999 9.690 20.806 25.00 29.31 29.31 31.000
2000 10.170 20.782 25.00 29.31 29.31 31.000
2001 10.660 20.947 25.00 29.31 29.31 31.000
2002 10.350 21.000 25.00 29.31 29.31 31.000
2003 10.138 21.570 25.00 29.31 29.31 31.000
2004 10.301 19.908 29.40 28.49 29.927
2005 20.381 25.15 27.90 29.927
2006 20.108 25.77 29.44 32.223
2007 20.387 24.46 29.37 31.949
2008 18.623 24.31 29.87 31.949
2009 10.078 17.972 23.896 29.67 32.498
2010 9.763 16.325 25.290 29.42 30.644
2011 10.717 15.138 25.422 29.62 31.684
2012 10.159 18.847 25.409 29.41 31.813
2013 10.085 19.224 26.264 29.59 31.721
2014 9.837 19.047 24.915 29.605 31.602
2015 9.885 18.890 25.000 28.859 31.663
2016 9.327 19.194 25.000 29.568 31.236
2017 19.473 25.000 29.609 31.264
2018 18.839 25.000 29.624 31.405
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Table 3.2.31: Average NCVs for all other types of fuel used in manufacturing industry and construction

Residual

Year Gas Oil Fuel Oil Diesel Gasoline LPG Natural Gas Wood

TJ/kt TJ/kt TJ/kt TI/kt TI/kt TJ/Mm3 TJ/kt
1986 41.82 39.74 42.70 43.18 46.00 33.50 12.17
1987 41,78 39,80 42.70 43.10 46.00 33,50 12.17
1988 41,71 39,80 42.70 43.10 46.00 34,08 12.17
1989 41,85 39,80 42.70 43.10 46.00 34,10 12.17
1990 41.87 39.80 42.70 43.07 46.00 34.10 12.17
1991 41.88 39.80 42.70 43.17 46.00 34.10 12.17
1992 41.90 39.90 42.70 43.10 46.00 34.10 12.17
1993 41.90 39.80 42.70 43.08 46.00 34.10 12.17
1994 41.90 39.86 42.70 43.08 46.00 34.10 12.17
1995 41.90 40.00 42.70 43.08 46.00 34.10 12.17
1996 41.90 40.00 42.70 43.08 46.00 34.10 12.17
1997 41.90 40.00 42.70 43.08 46.05 34.08 12.17
1998 41.90 40.00 42.70 43.08 46.05 34.08 12.17
1999 41.90 40.00 42.70 43.08 46.05 34.08 12.17
2000 41.90 40.00 42.70 43.08 46.05 34.08 12.17
2001 41.90 40.00 42.70 43.08 46.05 34.08 12.17
2002 41.90 40.00 42.70 43.08 46.05 34.08 12.17
2003 41.90 40.00 42.70 43.08 46.05 34.08 12.17
2004 41.90 40.00 42.70 43.08 46.05 34.08 12.17
2005 42.60 41.42 42.70 43.08 46.05 34.08 12.17
2006 42.60 41.42 42.70 43.08 46.05 34.072 12.17
2007 42.60 41.42 42.70 43.08 46.05 34.08 12.17
2008 42.60 41.42 42.70 43.85 46.05 34.096 12.17
2009 42.60 41.42 42.70 43.85 46.05 34.08 12.17
2010 42.60 41.42 42.70 43.85 46.05 34.08 10.77
2011 42.60 41.42 42.60 43.85 46.05 34.087 10.79
2012 42.60 41.42 42.60 43.85 46.05 34.093 10.41
2013 42.60 41.42 42.60 43.85 46.05 34.079 10.58
2014 42.60 41.42 42.60 43.85 46.05 34.083 11.57
2015 42.60 41.42 42.60 43.85 46.05 34.086 11.46
2016 42.60 41.42 42.60 43.85 46.05 34.087 11.10
2017 42.60 41.42 42.60 43.85 46.05 34.085 11.46
2018 42.60 41.42 42.60 43.85 46.05 34.084 11.55

Table 3.2.30 presents the net calorific values (NCV) which have been used for solid fuels
and petroleum coke combusted in the manufacturing industries. In the past they have been
mostly taken from SORS while since 2005 the ETS data are used, if available. The plant
specific data for 2018 for solid fuels are presented in the Table 3.2.32. The values for liquid
fuels excluding petrol coke and for natural gas and biomass have been taken from SORS
for the entire period (Table 3.2.31).
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Table 3.2.32: NCVs for the energy use of solid fuels in manufacturing industry and
construction in 2018.

Sub-
. i Other
i bituminous . . Petroleum
Industry Unit Bituminous Coke
Coal - coke
. Coal
imported
Iron and steel TI/kt 30.176
Non-Ferrous metals TJ/kt 25.000
Pulp. Paper and Print TJ/kt 18.839
Non-metallic minerals TJ/kt 29.300 31.405
Other TI/kt 20.054

Emission factors

The emission factors used in the sector Manufacturing industries and construction are
presented in the Table 3.2.33. Until 2005, we had used country specific CO, EF for domestic
lignite and natural gas, while default values from the 2006 IPCC Guidelines were used for
other fuels.

Table 3.2.33: EFs for the fuels used in manufacturing industry and construction.

L. Sub- Sub-
Lignite - . . L. . . Other
. . bituminous | Lignite — | bituminous i i Anthra-
Unit | domestic i Bitumi- . Coke
i Coal - imported Coal - cite
(Velenje) . . nous Coal
domestic imported
CO2EF | t/T) | Table3.2.1 101* 101* 96.1* 94.6* 98.3* 107.0*
CH4 EF | t/T) 0.01 0.01 0.01 0.01 0.01 0.01 0.01
N20 EF | t/TJ 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015
.| Petroleum . Residual i .
Unit Gas Oil . Diesel Gasoline LPG Natural Gas
coke Fuel Oil
CO2EF | t/T) 97.9* 74.1 77.4 74.1 69.3 63.1 Table 3.2.2
CH4 EF | t/T) 0.003 0.003 0.0030 0.00415 0.05 0.001 0.001
N20 EF | t/TJ 0.0006 0.0006 0.0006 0.0286 0.002 0.0001 0.0001
. Gaseous Other Waste Waste Waste Other Solid
Unit Wood ] . .
Biomass Biomass oils Solvents tyres Waste
CO2EF | t/T) 112.0 54.6 100.0 73.3 103.2* 85.0 143.0*
CH4EF | t/T) 0.03 0.001 0.03 0.03 0.03 0.03 0.03
N20 EF | t/TJ 0.004 0.0001 0.004 0.004 0.004 0.004 0.004

*Since 2005, CO, EFs for solid fuels and petrol coke have mostly been taken from EU-ETS.
CO: IEFs which have been used in 2018 and were calculated from plant-specific data are
presented in the Table 3.2.34, Table 3.2.37 and 3.2.38.
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Table 3.2.34: Plant-specific CO. EF for solid fuel used in manufacturing industry and construction in
2018.

Unit Sub-bituminous Petroleum
Coal - imported Coke
Pulp. Paper and Print t/T) 99.263
Non-metallic minerals t/T) 93.5

Other fuels

In the industry, particularly in the cement industry, in addition to commonly used fuel, a
fraction of waste is also being incinerated, because of the very high temperature in the oven.

We have obtained very detailed data on the amount and composition of waste from one
cement plant, where the main process of waste incineration in Slovenia occurs. Other data
on waste combustion has been obtained from SORS. The amount of waste is presented in
the Annex 3 to the NIR, while NCVs are presented on the Table 3.2.35. Since 2005, all
waste fuels have been available also from EU-ETS reports.

Table 3.2.35: NCVs for waste incinerated in the manufacturing industries.

waste waste Waste waste
industrial | cooking | solvents waste other waste cooking Black

oils fat tyres waste biomass oils liquor

TI/kt TI/kt TI/kt TI/kt TJ/kt TJ/kt TJ/kt TJ/kt
Until
2000 37.00 27.21 11.00 6.4
2001 37.00 39.20 27.21 11.00 6.4
2002 37.00 39.20 27.21 11.00 6.4
2003 37.00 39.20 27.21 11.00 6.4
2004 41.90 40.41 27.21 40.00 6.4
2005 34.64 39.20 27.21 15.00 6.4
2006 34.53 39.20 25.00 27.21 15.00 6.4
2007 33.76 39.95 25.00 27.21 15.00 6.4
2008 34.48 39.81 25.00 27.21 17.52 16.11
2009 37.65 39.81 25.00 27.19 26.67 15.14
2010 36.95 39.20 25.00 27.23 22.34 15.36
2011 36.25 39.20 25.00 27.26 19.52 13.78
2012 37.09 39.20 25.00 27.21 20.25 13.50
2013 37.13 39.20 25.00 27.21 19.44 12.74
2014 33.03 39.20 25.00 27.20 18.87 11.72
2015 35.495 39.20 25.00 27.20 19.32 12.14
2016 36.544 39.20 25.00 27.20 18.19 10.23
2017 35.342 39.20 25.00 27.20 16.90 12.79
2018 37.000 25.00 27.20 18.33 16.72
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The EFs used for the estimation emissions from other fuels are mostly taken from 2006 IPCC
Guidelines and are presented on Table 3.2.36. The exceptions are the combustion of waste
tyres, waste organic solvents and waste oil.

The tyres have been combusted in one cement plant which is included in the EU-ETS and
CO; EF from the relevant legislation (Commission Regulation (EU) No 601/2012 of 21 June
2012 on the monitoring and reporting of greenhouse gas emissions pursuant to Directive
2003/87/EC of the European Parliament and of the Council, Annex VI) is used.
Biodegradable part of tyres was reported under biomass.

Waste organic solvents have been combusted in pharmaceutic industry and CO; EF was
determined in the accredited laboratory in 2005. Since then the same value has been used.

Table 3.2.36: EFs for waste incinerated in the manufacturing industries

. waste other
waste waste other solid . .
. L waste tyres cooking fat biomass
industrial oils solvents waste )
and oils waste
t/T) t/T) t/T) t/T) t/T) t/T)
CO: EF 73.3 103.2 85 143 100 100
CH4EF 0.030 0.030 0.030 0.030 0.030 0.030
N20 EF 0.004 0.004 0.004 0.004 0.004 0.004

Since 2010 a plant specific CO2 EFs have been used for calculation of emissions from waste
combustion in the cement plant. EFs are obtained from ETS and presented in the Table
3.2.37.

Table 3.2.37: Plant specific CO; EFs for solid waste incinerated in the cement plant since 2010
Unit 2010 2011 2012 2013 2014 2015 2016 2017
t CO2/T) | 60.43 49.47 49.44 60.74 60.74 58.69 55.99 55.91

2018
53.61

CO2 EF

For waste oil which is combusted in the cement plant since 2014 the PS CO; EF from EU-
ETS have been used. They are presented in the Table 3.2.38.

Table 3.2.38: Plant specific CO; EFs for incineration of waste oil in the cement plant since 2014
Unit 2014 2015 2016 2017 2018
t CO2/TJ | 90.37 84.49 87.36 75.61 74.20

CO2 EF

Inclusion of auto producers into Manufacturing Industries sector

In accordance with IPCC Reference manual, the item Industry reports the consumption of
fuels in the group of industrial power plants (auto producers — enterprises that generate
electric energy for internal consumption and/or heat for sale) as well as other consumption
in industry (except in production processes) .
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In the period 1986 -1996, the consumption of fuels by auto producers in LEG was recorded
under Electric utilities — Industry, and in the period 1997- 2003 under Conversion — Auto
producers.

Period 1986-2000

Because there are no published data on auto producers at the level of industrial branches
for the period 1986-2000, on the basis of which it would be possible to assign the
consumption of fuel to each individual industrial branch, for each kind of fuel a different (most
appropriate) approach was used.

» Lignite

The total consumption is attributed to the pulp and paper industry. The paper mill in Krdko
uses lignite in its power cogeneration plant. In the documents of the SORS, the total
consumption is attributed to the consumption in thermal power plants, while in LEG one half
of the consumption is attributed to the consumption in industry, the other half to industrial
thermal power plants. In this report, a half is reported as consumption in pulp and paper
industry (heat) and the other half as consumption in industrial power plants in pulp and paper
industry. The consumption of lignite in other sectors has not been reported.

» Brown Coal

The consumption of brown coal in the industrial power plants in the monitored period was
reported only in 1986. Since the quantities are quite small, the consumption is reported in
the sector “Other”.

» Residual Fuel Oil

The consumption of residual fuel oil in the industrial power plants in the monitored period
was low (from 0 to 10176 t). Since the quantities are quite small, the consumption is reported
in sector “Other”.

» Gas Oil and Natural Gas

The majority of industrial thermal power plants use gas oil or natural gas. The total quantities
of consumed gas oil and natural gas are disaggregated according to the produced quantities
of electric energy in those power plants.

Period 2000-2018

Since 2000 we have commenced to treat auto producers individually, since the SORS, which
prepares data for LEG, has completed its database. Now, the aggregated data on the
consumption of fuels by auto producers at the level of industrial branches are available,
where the sums of the individual fuels correspond to the consumption of auto producers from
LEG.

Following the recommendations of the expert review team, the data on fuel consumption by
industry type, fuel type and year are reported in the Annex 3 to the NIR.
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Off road vehicle and other machinery

Following the new CRF categorisation the CRF category 1A2gvii Off road vehicle and other
machinery has been introduced. Here all emissions from the combustion of gasoline and
diesel from the Manufacturing industries and construction and from the Energy industries are
included. EFs used are presented in the Table 3.2.39 and have been taken from the 2006
IPCC Guidelines, Vol 2, Table 3.3.1, Industry. We have assumed that mostly 4-stroke
gasoline motors have been used.

Table 3.2.39: Default EFs for gasoline and diesel oil used in the off road machinery.

Year Diesel Motor gasoline
t/T) t/T)
CO2 EF 74.1 69.3
CH4EF 0.00415 0.05
N20 EF 0.0286 0.002

3.2.5.3 Uncertainty and time —series consistency

The uncertainty estimates for the manufacturing industry in the base year are based on the
expert judgement. To determine the uncertainties of the AD, consultations with experts from
SORS were performed, while values from the IPCC Guidelines have also been taken into
account for the uncertainties of EF.

Table 3.2.40: Uncertainties of activity data and emission factors as used in the 2019 submission for the
base year and the last reporting year in per cents

1986 2018
AD CO:2 EF CHa EF N0 EF AD CO2 EF CH4 EF N2O EF
Liquid 5 3 150 150 5 2 150 150
Solid 10 7 135 150 2 25 135 150
Gaseous 5 2.5 135 135 2 2.5 135 135
Other 10 25 150 170 7.7 5 150 170
Biomass 10 NA 150 170 10 NA 150 170

The uncertainty of activity data is a combination of systematic and random errors. The
statistical data which are obtained from the obligatory reporting are usually within 3% In
addition, the activity data are subject to the random errors in the data collection. Countries
with good data collection systems may keep the random error to about 2-3%. The experts
believe that for most developed countries the total uncertainties of the activity data are in the
range of 5%. After consultation with SORS and taking into account levels of uncertainties
associated with stationary combustion recommended in 2006 IPCC GL, we have used
different uncertainties for different types of fuel as presented in the Table 3.2.40.

During the calculation of the emissions from this sector, the plant specific emission factors

based on coal sampling and ascertaining the carbon content, have also been applied for
large part of solid fuels, petrol coke and some other fuels. All analyses have been done in an
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accredited laboratory in accordance with the EN ISO 17025 (“General requirements for the
competence of testing and calibration laboratories”).

3.2.5.4 Category-specific QA/QC and verification

The source category QA/QC is covered by the general QC procedures described in the
chapter 1.2.3. Our main source specific QA/QC activity is comparison of the ETS data with
the statistical data.

The aggregated fuel from SORS data is compared with the sum of the fuel used from verified
ETS reports and where the connection between both set of data is uniform, the data from
Statistical office are substituted with data from the verified reports from installations included
in ETS, if necessary. ETS data are also used for different types of waste used as fuel. The
list of waste types is not always complete in the SORS data.

Additional QA activity is the reference approach. Before entering data into the database, the
sum of each fuel from the disaggregated data is compared with the energy balance data,
reported in the Joint Questioner. Until 2017 data in JQ are rounded to 1000 units and the

difference should be 500 units or less. If the difference was higher, the reasons for this
discrepancy should be found.

3.2.5.5 Category-specific recalculations

No recalculations have been performed for these categories.

3.2.5.6 Category-specific planned improvement

No improvement is planned for these categories.
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3.2.6 Transport (CRF 1.A.3)

This chapter presents the consumption of fuels and emissions of greenhouse gases in:

YV VY

Table 3.2.41: Method, EFs used for key categories for the year 2018 in the Transport sector.

Domestic Aviation (CRF 1A3a)

Road Transportation (CRF 1A3b)
Railways (CRF 1A3c)
Other Transportation / Pipeline transport (CRF 1A3e.i)

CO: CHa N20
Road Key Key Key
Method EF Method EF Method EF
transport category category category
Diesel Model Model LT Model Model - Model Model Tsub
Gasoline Model Model LT Model Model - Model Model -
LPG Model Model Tsub Model Model - Model Model -

The only key categories in this sector are from the Road transport where Diesel and Gasoline
are key sources according to the level and have a strong increasing trend (Table 3.2.41).
The emissions have been calculated with the COPERT 4 model. The emissions from the
other categories accounted for less than 1 per cent and have been calculated using Tier 1
approach. GHG emissions from this sector are presented in the Figure 3.2.7 and on the Table
3.2.42.

GHG emissions
(kt CO2eq.)

7000
6000
5000
4000
3000
2000
1000

0

2002
2003
2004
2007
2008

2001
2005
2006

m Civil Aviation Road Transport m Railways m NG transmission

Figure 3.2.7: GHG emissions from Transport.

Undoubtedly the greatest increase in GHG emissions took place in the transport sector, by
as much as 203.6% until 2008 (6,141 kt CO. eq.), due to an increase in the road
transportation, while emissions from other kinds of traffic slightly declined. In 2009, GHG
emissions from transport decreased by 13.5% compared to 2008 due to the economic crisis.
Since then the emissions fluctuate from year to year, but never reach the 2008 peak again.

76



SLOVENIA'S NATIONAL INVENTORY REPORT 2020

Table 3.2.42;: GHG emissions from Transport in kt CO; eq.

1986 | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2017 | 2018

3. Transport 2022 2728 3792 3808 4416 5263 5368 5547 5824
a. Civil Aviation 1 1 2 3 3 2 2 2 2
b. Road Transportation | 1945 2654 3741 3763 4372 5223 5322 5509 5792
c. Railways 77 73 49 43 42 33 41 32 29
e. NG transmission NO NO NO NO IE 4 3 5 1

3.2.6.1 Road transportation (1.A.3.b)

3.2.6.1.1 Category description

Road traffic is an important source of emissions of greenhouse gases, mostly carbon dioxide
and nitrous oxide, and also an important source of emissions which cause problems in terms
of air quality, such as sulphur oxides (SOx), nitrous oxides (NOy), carbon monoxide (CO),
non-volatile organic compounds (NMVOC), particulate matters (PM2s and PMo) and are,
consequently, indirectly responsible for the formation of ozone (Os) in lower troposphere.

GHG emissions
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Figure 3.2.8: CO2, N2O and CH4 emissions for road transport 1986-2018.

From 1986 to 2018 the road transport emissions of CO, and N-O increased by 200% and
231%, respectively. Emissions of CHs have decreased by 72%. Due to the world economic
crises and consecutively smaller fuel consumption emissions of all GHG considerably
decreased in 2009. In view of difficult economic situation even slightly lower emissions of all
GHG were observed in the year 2010. In the years 2011 and 2012 emissions of GHG were
on the rise again and slowly approaching pre-crisis values, but in the period 2013 - 2015
slightly lower emissions could be observed again. In 2016 emissions were on a rise again
due to bigger amount of diesel sold. Due to smaller consumption of diesel and gasoline there
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was a slight decline in emissions occurred in 2017. In 2018 an increase of emissions is
observed due to bigger fuel consumption. Referring to the fourth IPCC assessment report, 1
g CHs and 1 g N2O have the greenhouse effect of 25 and 298 g CO., respectively. In spite
of the relatively large CH4 and N2O global warming potentials, the largest contribution to the
total CO2 emission equivalents for road transport comes from CO: (Figure 3.2.8).

Due to the direct dependency of CO, emissions on fuel consumption, the total growth in CO;
emissions reflects the trend of increased fuel consumption till 2008. In 2009 significant drop
of CO, emissions occurred due to the smaller fuel consumption due to economic crisis. As
shown in Figures 3.2.9 and 3.2.10, the most important emission source for road transport is
passenger cars, followed by heavy duty trucks, light duty vehicles, buses and 2-wheelers in
decreasing order. In 2018, the emission shares were about 61, 29, 8, 1.9 and 0.5%,
respectively.

CO; emissions of passenger cars were gradually increasing from 1991 to 1996 mainly due
to the fuel being sold to foreigners as a consequence of the lower fuel prices in Slovenia.
During the period 2000-2008, an extensive switch from petrol powered to diesel powered
cars could be observed. The better energy efficiency of diesel cars and a general
improvement in fuel efficiency for all new vehicles diminished a considerable increase in fuel
consumption which led to a slower increase of CO emissions in this period.

The road transportation sector also includes CO; emissions of lubricant use in two-stroke
engines. The emissions from lubricants that are intentionally mixed with fuel and combusted
in road vehicles should be captured as mobile source emissions. Those emissions have been
reported under 1.A.3.b.iv Motorcycles/ Other Liquid Fuels. In the year 2018 CO, emissions
from lube oil in two-stroke engines represent only 0.001% of total CO, emissions from road
transportation.
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Figure 3.2.9: CO, emissions (t) per vehicle type for road transport 1986-2018.
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Figure 3.2.10: CO;emission share per vehicle type for road transport for 2018.

N2O emissions are not dependent only on the fuel consumption, but also on vehicle
technology, operating characteristics, fuel characteristics, the combustion and emission
control technology.
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Figure 3.2.11: N,O emissions (t) per vehicle type for road transport 1986-2018.

An undesirable environmental side effect of the introduction of catalyst cars is the increase
in the emissions of N.O. N>.O emissions have increased significantly from 1991 onwards,
mostly due to the growing number of passenger cars with catalysts. In 2002, a huge drop of
N-O emissions occurred due to switching to a lower sulphur fuel. The lower sulphur fuel helps
improve catalyst performance. The sulphur content in the fuel has an important impact on
N20 emissions. The sulphur content dropped between 2001 and 2002 from 0.05% to 0.015%
for gasoline and 0.2% to 0.035% for diesel.
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In 2018 emission shares for passenger cars, heavy duty trucks and light duty vehicles were
about 50, 42 and 6%, of the total road transport N»O, respectively. The emission shares for
buses, mopeds and motorcycles are smaller. (Figures 3.2.11 and 3.2.12).
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Figure 3.2.12: NoO emission share per vehicle type for road transport for 2018.

CH4 emissions, similarly to N2O, do not dependent only on the fuel consumption but also on
vehicle technology, operating characteristics, fuel characteristics, the combustion and
emission control technology.
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Figure 3.2.13: CH4 emissions (t) per vehicle type for road transport 1986-2018.
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Figure 3.2.14: CH4 emission share per vehicle type for road transport for 2018.

The majority of CH4 emissions from road transport come from the gasoline passenger cars.
The emission increase in 1991-1996 for this vehicle category is a result of a higher fuel
consumption. The emission drop from 1997 onwards is explained by the penetration of
catalyst cars into the Slovenian fleet. The newer technology stages have lower CH,; emission
factors than conventional gasoline vehicles. The 2018 emission shares for CH, were about
79, 8, 7, 5 and 1% for passenger cars, 2-wheelers, heavy duty trucks, buses and light duty
vehicles, respectively (Figures 3.2.13 and 3.2.14).

3.2.6.1.2 Methodological issues

COPERT 4 (version 11.4) methodology has been used for the calculation of the national
greenhouse gas emissions from road transport for the entire 1986-2018 period. The
methodology is fully incorporated in the computer software programme COPERT 4 (version
11.4) which facilitates its application. The actual calculations have been therefore performed
by using this computer software.

COPERT 4 estimates the emissions of all major air pollutants (CO, NOx, NMVOC, patrticulate
matter (PMzs, PMyo, TSP, Black carbon), NHsz, SOy, heavy metals) as well as greenhouse
gas emissions (CO-, N2O, CH.) produced by the different vehicle categories (passenger cars,
light duty vehicles, heavy duty trucks, buses, mopeds and motorcycles). The programme
also provides speciation of polycyclic aromatic hydrocarbons (PAHs) and dioxins/furans.
Emissions of hexachlorobenzene (HCB) and polychlorinated biphenyl (PCB) are given as a
total emissions from road transport. The emissions estimated are divided among the three
sources: emissions produced during thermally stabilized engine operation (hot emissions),
emissions occurring during engine start from ambient temperature (cold-start and warming-
up effects) and NMVOC emissions due to a fuel evaporation. The total emissions are
calculated as a product of the activity data provided by the user and speed-dependent
emission factors calculated by the software.
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COPERT 4 also provides CO; emission estimates for lubricant use in road transportation. In
the case of two-stroke engines, where the lubricant is mixed with another fuel and thus on
purpose co-combusted in the engine, the emissions should be estimated and reported as
part of the combustion emissions in the Energy Sector/ Road transportation.

The COPERT methodology is in accordance with 2006 IPCC Guidelines for the National
Greenhouse Gas Inventories. COPERT methodology is also a part of the EMEP/EEA air
pollutant emission inventory guidebook (formerly referred to as the EMEP CORINAIR
Guidebook). The Guidebook is prepared by the UNECE/EMEP Task Force on Emission
Inventories and Projections (TFEIP) and published by the European Environment Agency. It
is intended to support reporting under the UNECE Convention on Long-Range
Transboundary Air Pollution and the EU directive on national emission ceilings as well as
under United Nations Framework Convention on Climate Change (UNFCCC). The COPERT
methodology is fully consistent with the Road Transport chapter of the EMEP/EEA air
pollutant emission inventory guidebook. The use of a software tool to calculate road transport
emissions allows for a transparent and standardized, hence consistent and comparable data
collecting and emissions reporting procedure, in accordance with the requirements of
international conventions and protocols and the EU legislation.

The applied methodology is fully described in the following literature:

- COPERT 4 Computer programme to calculate emissions from road transport -
User manual (version 5.0), Dimitrios Gkatzoflias, Chariton Kouridis, Leonidas
Ntziachristos and Zissis Samaras, ETC/AEM, December 2007,

EMEP/EEA air pollutant emission inventory guidebook—2016, Chapters:
1.A.3.b.i-iv Exhaust emissions from road transport, 1.A.3.b.v Gasoline
evaporation.

To calculate the emissions using the COPERT software, at least the following input data are
necessary: vehicle fleet data, mileage data per vehicle category and type of roads, speed
data, fuel consumption and fuel characteristic, monthly air minimum and maximum
temperatures, fuel vapour pressure.

Activity data
Vehicle fleet
The COPERT 4 methodology requires a detailed knowledge of the structure of the vehicle

fleet composition. Table 3.2.43 provides a summary of all vehicle categories and
technologies covered by the applied methodology.
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Table 3.2.43: Summary of vehicle classes covered by the methodology

Vehicle Type

Class

Legislation

Passenger Cars

Gasoline <1.41

Gasoline 1.4 - 2.0l

Gasoline >2.0l

PRE ECE

ECE 15/00-01

ECE 15/02

ECE 15/03

ECE 15/04

Improved Conventional
Open Loop
Euro1-91/441/EEC

Euro 2 - 94/12/EEC

Euro 3 - 98/69/EC Stage 2000
Euro 4 - 98/69/EC Stage 2005
Euro 5 - EC 715/2007

Euro 6 - EC 715/2007

Euro 6¢ - EC 715/2007

Diesel <2.0I

Diesel >2.0I

Conventional

Euro 1-91/441/EEC

Euro 2 - 94/12/EEC

Euro 3 - 98/69/EC Stage 2000
Euro 4 - 98/69/EC Stage 2005
Euro 5 - EC 715/2007

Euro 6 - EC 715/2007

Euro 6¢ - EC 715/2007

LPG

Conventional

Euro 1-91/441/EEC

Euro 2 -94/12/EC

Euro 3 - 98/69/EC Stage 2000
Euro 4 - 98/69/EC Stage 2005
Euro 5 — EC 715/2007

Euro 6 — EC 715/2007

2 Stroke

Conventional

Hybrids Gasoline <1.41
Hybrids Gasoline 1.4-2.0I
Hybrid Gasoline >2.0I

Euro 4 - 98/69/EC Stage 2005

Light Duty Vehicles

Gasoline <3.5t

Conventional

Euro 1 -93/59/EEC

Euro 2 - 96/69/EEC

Euro 3 - 98/69/EC Stage 2000
Euro 4 - 98/69/EC Stage 2005
Euro 5 - EC 715/2007

Euro 6 - EC 715/2007

Euro 6¢ - EC 715/2007

Diesel <3.5t

Conventional

Euro 1-93/59/EEC

Euro 2 - 96/69/EC

Euro 3 - 98/69/EC Stage 2000
Euro 4 - 98/69/EC Stage 2005
Euro 5 - EC 715/2007

Euro 6 - EC 715/2007

Euro 6¢ - EC 715/2007
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Vehicle Type Class Legislation

Gasoline >3.5t Conventional

Rigid <=7.5t

Rigid 7.5-12t

Rigid 12-14t

Rigid 14-20t _

Rigid 20-26t Conventional

Rigid 26-28t Euro :I- 9911//554422//EEEECcsst? w I||

— uro ll - age

Heavy Duty Trucks E:i:: ii;n Euro Il - 1999/96/EC Stage |

Articulated 14-20t

Articulated 20-28t

Articulated 28-34t

Articulated 34-40t

Articulated 40-50t

Articulated 50-60t

Euro IV - 1999/96/EC Stage
Euro V - 1999/96/EC Stage Il
Euro VI - Regulation EC 595/2009

Buses

Urban <=15t

Urban 15-18t

Urban >18t

Coaches articulated >18t

Coaches standard <=18t

Conventional

Euro | - 91/542/EEC Stage |

Euro Il - 91/542/EEC Stage Il
Euro IIl - 1999/96/EC Stage |
Euro IV - 1999/96/EC Stage I
Euro V - 1999/96/EC Stage IlI
Euro VI - Regulation EC 595/2009

CNG

Euro | - 91/542/EEC Stage |
Euro Il - 91/542/EEC Stage Il
Euro Il - 1999/96/EC Stage |
EEV- 1999/96/EC

Mopeds

2-stroke, < 50 cm3

4-stroke, < 50 cm?3

Conventional

Euro 1-97/24/EC Stage |

Euro 2 - 97/24/EC Stage Il

Euro 3 - Directive 2002/51/EC
Euro 4 - Regulation EC 168/2013
Euro 5 - Regulation EC 168/2013

Motorcycles

2-stroke, > 50 cm?3

4-stroke, 50-250 cm3

4-stroke, 250-750 cm?

4-stroke, > 750 cm?

Conventional

97/24/EC —Euro 1

2002/51/EC Stage | - Euro 2
2002/51/EC Stage Il - Euro 3
Euro 4 - Regulation EC 168/2013
Euro 5 - Regulation EC 168/2013

The fleet composition for the years 1992-2009 was taken from the official database of
registered motor and trailer vehicles in the Republic of Slovenia provided by the Ministry of
the Interior. Since 2010, those data have been collected by the Ministry of Infrastructure of
the Republic of Slovenia. Since no database exists on licensed motor and trailer vehicles in
the Republic of Slovenia for the years 1986-1991, an expert estimate has been made on the
basis of the annual Statistical Yearbooks, published by the Statistical Office of the Republic
of Slovenia (SORS).

The vehicle numbers per all vehicle classes for period 1986-2018 are shown in Annex 3
Energy (Table 1.4: Road transport: Fleet data (hnumber of vehicles) 1986-2018).

84



SLOVENIA'S NATIONAL INVENTORY REPORT 2020

The vehicle fleet structure is presented in Figure 3.2.15. The increase in the total number of
the passenger cars is mostly due to a growth in the number of diesel passenger cars. After
the year 2003 a considerable decline in the number of gasoline passenger cars is observed,
and at the same time a rise in the number of diesel passenger cars. LPG and CNG passenger
cars represent only a small share of all passenger cars.

Vehicle number
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Figure 3.2.15: Vehicle fleet 1986-2018.

Mileage
Annual mileage (km/year) for each vehicle category have been obtained from the Ministry of

Infrastructure of the Republic of Slovenia, SORS, and official database of registered motor
and trailer vehicles in the Republic of Slovenia. The values used are shown in the Annex 3
Energy (Table 1.5: Road transport: Mileage data 1986-2018).

Speed
Three driving modes are individualized in accordance with COPERT 4 methodology: urban,

rural and highway. For each specific driving mode average speeds has to be set by vehicles
type whereas vehicle exhaust emissions and fuel consumption are dependent on speed.
Speeds in specific driving modes have been assessed on the basis of the Road Transport:
Speed Data of the Republic of Slovenia publication, published by the Ministry of Transport
and expert evaluations. The values used are shown in the Annex 3 Energy (Table 1.6: Road
transport: Speed data 1986-2018).

Fuel Consumption

The statistical data on the total volume of the fuel consumed in the Republic of Slovenia has
been obtained from SORS. From the total volume of the fuel sold, the consumption in the
fields of agriculture, forestry and construction has been excluded.
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Figure 3.2.16: Fuel consumption in road transport for 1986-2018.

Figure 3.2.16 shows the total fuel consumption in road transport. Diesel, gasoline, liquefied
petroleum gas (LPG) and compressed natural gas (CNG) have been used as fuels in road
transportation. The fuel consumption began to grow markedly during the years 1991-1997
due to fuel being sold to foreigners as a consequence of the lower fuel prices in Slovenia.
During the years 2000—-2008 an extensive growth in usage of diesel fuel can be observed.
Transit of heavy duty trucks has been an important factor for the increase of diesel
consumption. In the year 2005, the sale of diesel exceeded the sale of gasoline. In 2009, a
significant decline of gasoline and diesel consumption appeared. In comparison with the year
2008 consumption of gasoline dropped by 8% and diesel by 16%. The lower consumption of
fuel was due to the world economic crisis. In the years 2011 and 2012 the fuel consumption
was on the rise again and slowly approaching pre-crisis values, but in the period 2013 - 2018
slightly lower fuel consumption could be observed. In 2018, the fuel use shares for diesel
and gasoline were about 77% and 22%, respectively. The share of LPG was below 0.7%.
CNG was reported for the first time in 2012. Share of CNG is only 0.1%.
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Figure 3.2.17: Gasoline fuel consumption per vehicle type for road transport 1986—-2018.
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As shown in Figures 3.2.17 and 3.2.18, the passenger cars represent the most fuel-
consuming vehicle category, followed by heavy duty trucks, light duty vehicles, buses,
motorcycles and mopeds, in decreasing order. The passenger cars dominate the overall
gasoline consumption trend. The development in the diesel fuel consumption in recent years
is characterised by an increasing fuel use for diesel passenger cars and heavy duty trucks,
while the fuel use for buses and light duty vehicles is less distinctive. To meet the data quality
objective of transparency, the fuel consumption by types of vehicles is shown in the Annex 3
Energy to the NIR (Table 1.7: Road transport: Fuel Consumption by types of vehicles
1986-2018).
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Figure 3.2.18: Diesel fuel consumption per vehicle type for road transport 1986—-2018.

In 2018, the fuel consumption shares for diesel passenger cars, diesel heavy duty trucks and
gasoline passenger cars were about 39, 29, and 21%, respectively (Figure 3.2.19).

In addition to fossil fuels biofuels have also been used in road transportation in Slovenia.
Biodiesel has been used since 2006 and biogasoline since 2008. Biodiesel in road
transportation is mostly blended into fossil diesel, biogasoline into fossil gasoline. The
amount of biofuel used in road transport is in steady increase also due to the national
legislation on promotion of biofuel use in road transport. The emissions from biofuels have
been calculated using the COPERT 4 model as well, based on the total amount of fossil fuels
and biofuels used.
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Figure 3.2.19: Fuel consumption share per vehicle type for road transport in 2018.

Fuel Characteristics

The sulphur and lead content of liquid fuels and the monthly values of the fuel volatility (RVP
— Reid Vapour Pressure) were taken from the Slovene national legislation related to the
quality of liquid fuels. The leaded gasoline was removed from the market in 2002. All the
other physical and chemical data used was proposed as default values by the COPERT 4.

RVP values used were 70 kPa for the winter period (1 October — 30 April) and 60 kPa for the

summer period (1 May — 30 September). The lead and sulphur contents were set as
presented in Tables 3.2.44 and 3.2.45.

Table 3.2.44: Levels of lead content in gasoline.

Fuel Period Lead [g/I]
1986-1994 0.6
Gasoline Leaded 1995 0.4
1996-2001 0.15
1986-1994 0.026
Gasoline Unleaded 1995-2001 0.013
2002-2018 0.005
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Table 3.2.45; Levels of sulphur content in gasoline and diesel fuel.

Fuel Period Sulphur [% wt]
1986-1994 0.1
Gasoline Leaded
1995-2001 0.05
1986-1994 0.1
1995-2001 0.05
Gasoline Unleaded 2002-2004 0.015
2005-2008 0.005
2009-2018 0.001
1986-1994 1
1995 0.25
1996-2001 0.20
Diesel
2002-2004 0.035
2005-2008 0.005
2009-2018 0.001

Monthly minimum and maximum air temperatures

The meteorological data necessary for evaporative emission calculation (annual average
minimum temperature and maximum temperature) is obtained from the Slovenian
Environment Agency. The data for Ljubljana were taken into consideration with the
assumption that they are representative enough for the whole Slovenia. The data are publicly
available on the Slovenian Environment Agency’s website.

Other input data

The average trip length (Ltrip) value corresponds to the mean distance covered in trips
started with an engine of ambient temperature (cold start). The mean daily trip distance was
set at 12 km in accordance with the recommendation of the COPERT 4. Ltrip value is
introduced for the calculation of the Beta value which represents the fraction of the monthly
mileage driven before the engine and any exhaust components have reached their nominal
operation temperature. Beta values calculated according to the COPERT 4 methodology
were used.

All the other required input data used for calculation of emissions using COPERT 4 program
were default COPERT 4 data.

Emission factors

All emission factors used in the emission inventory for road transport were default emission
factors offered by the COPERT 4 (version 11.4) program.
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3.2.6.1.3 Uncertainties and time-series consistency

The uncertainty based on an expert judgement is 5% for fuel used and 20% for other activity
data. The uncertainties of the emission factors are defined by the COPERT 4 program since
all emission factors applied were default COPERT 4 emission factors.

3.2.6.1.4 Category-Specific QA/QC and Verification

Thorough examination of all input data, the model calculation and the data reported in CRF
tables as part of QA/QC procedure was performed.

One of the required model input data is the annual amount (in tonnes) of consumed gasoline
and consumed diesel fuel. The output of the model are calculated CO; emissions distributed
according to fuel type, vehicle category and type of roads. The CRF Tables require separate
reporting of emissions arising from the consumption of gasoline and diesel fuel. The CO;
emissions have to be reported in kt. In the CRF Tables, the fuel consumption has to be
presented as energy (in TJ), notin mass (in tonnes). Implied CO;emission factors, expressed
in t CO2/ TJ fuel, are calculated automatically by CRF Reporter and used for reporting
requirements only.

The CO;emission factors (g CO./ kg fuel) used for the emission calculation are comparable
with the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. The differences
between CO; emissions factors (t CO,/ TJ) presented in CRF Tables and those stated in the
2006 IPCC Guidelines arise from differences in applied net calorific values. In the period
2006-2018 additional deviations occurred due to the use of biofuels.

The decreasing trend of the CO; IEF for gasoline from 1986 to 2018 is attributed to the
introduction of unleaded gasoline in the country, which has lower carbon content than leaded
gasoline. Leaded and unleaded gasoline has different H:C and O:C ratios. The value for H:C
ratio in unleaded gasoline compared to the leaded one is 1.89 vs. 1.92. The value for O:C
ratio in unleaded gasoline compared to the leaded one is 0.016 vs. 0.

CO:; IEF for diesel was fluctuating after the year 2006 due to introduction of biofuel in road
transportation fuel. Biodiesel has been used as a mixture within fossil fuel in the period 2006-
2018.

We also conducted a verification exercise for the CO, emissions. We estimated the CO»
emissions of road transport category by applying a Tier 1 with a default EF from 2006 IPCC
Guidelines. The comparison showed differences in emission calculation between COPERT
4 and Tier 1 method. COPERT 4 gives slightly lower emissions from diesel, but rather higher
emissions from gasoline. In general, the emissions calculated with COPERT 4 are not
underestimated.
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Information on CO; implied emission factors (IEFs) for gasoline and diesel is presented in
Annex 3 Energy (Table 1.8: Road transport: CO. implied emission factors for gasoline and
diesel 1986-2018).

CHs and N2O emissions were thoroughly examined as well, including the emissions arising
from biofuels. CHsand N2O emissions reported in the CRF Tables are accurate. CHsand N2O
emissions from biofuels have been calculated using the COPERT 4 model as well, based on
the total amount of fossil fuels and biofuels used.

Since disaggregation of the emission from biomass among different vehicle type is not
possible, all emissions arising from biodiesel and biogasoline have been reported under
1A3bi Cars and IE has been used in other relevant categories.

Following the recommendation of the Technical expert review team an identification and
separation of fossil from biogenic part was performed. Fossil part of the biofuels was
estimated and reported under 1A3bi Cars/Other Fossil Fuels. Fossil part was estimated for
biodiesel only, since in case of biogasoline, only the bio part is included in the amount of
biogasoline. Emissions from biogenic part of biodiesel and all biogasoline remain reported
under 1A3bi Cars/Biomass.

3.2.6.1.5 Category-specific recalculations

CO; emissions from the fossil part of biodiesel have been calculated for the period 2006 -
2018 following the methodology described in the EC document: Note on fossil carbon content
in biofuels and using a conservative approach that all biodiesel is FAME. Emissions have
been reported under 1.A.3.b.i Cars/Other fossil fuels and therefore excluded from the CO,
emissions from biomass.

3.2.6.1.6 Category-specific planned improvements

Following the recommendation of the expert review team we are looking for options to obtain
more information on characterization of the properties of gasoline and diesel used for road
transportation.

We are going to use a new COPERT 5 model for emissions calculation from road transport
in next annual submission.

During this improvement we will also correct the GHG emissions for 2017 because the SORS

in-between made a recalculation of consumption of gas diesel oil in the road transport and
has noticeably increased the amount used in the 2017.
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3.2.6.2 All other types of transportations (CRF cat. 1.A.3.a,c, d, e)

3.2.6.2.1 Category description

This chapter presents emissions of greenhouse gases in:
» Domestic Aviation (CRF 1A3a)

» Railways (CRF 1A3c)

» Domestic navigation (CRF 1A3d)

» Other Transportation / Pipeline transport (CRF 1A3e.i)

Domestic aviation

The emissions from aviation are included in many CRF categories. The main source of
emissions is the consumption of jet kerosene while the quantity of aviation gasoline is much
smaller. Slovenia is a small country and there is no need for domestic aviation transport
between the cities. All civil domestic flights are for sport or touristic purpose only and have
been made by small planes with reciprocating engine using aviation gasoline. For this reason
all aviation gasoline sold in Slovenia is considered to be used for domestic aviation and the
emissions are reported in this category. However, according to the Eurocontrol data a small
amount of jet kerosene has been used since 2005 in domestic aviation. After investigation it
was found that this fuel has been used for reallocation of airplanes between the two largest
airports (Ljubljana and Maribor). The amount of jet kerosene used for this purpose is very
small.

The remaining emissions from jet kerosene are reported in the category 1.A.5 (Fuel used in
the Slovenian army and Police) or in Memo under International Bunkers and Multilateral
Operations. The fuel used in TJ and GHG emissions from domestic aviation are presented
on the table 3.2.46.

Table 3.2.46: GHG Emissions from domestic aviation in the period 1986-2018.

1986 1990 1995 2000 2005 2010 2015 2017 2018
GasolineinTJ 9 15 28 40 24 23 20 16 21
Jet kerosene in TJ NO NO NO NO 15 4
Gg CO: eq. 1 1 2 3 3 2
Railways

The main source of emissions is the consumption of gas oil. The consumption of brown coal
in the railway transportation in the recent years is small as it is used only in one “archaic”
steam driven locomotive which is almost 100 years old. Fuel in TJ and GHG emissions from
the railways are presented in table 3.2.47.

There was a strong increase in diesel consumption in 2014. The reason for this increase is
a sever ice storm which destroyed electrical infrastructure for the supply of trains on the route
Ljubljana - Koper in the February 2014. The repair was going on until the summer 2015. In
meantime, the trains on this line were using diesel locomotives what resulted in the higher
consumption of diesel oil in 2014 and relatively high consumption in 2015.
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Table 3.2.47: GHG Emissions from railways in the period 1986-2018.

1986 | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2017 | 2018
fuel in TJ 931 879 588 514 505 403 498 389 354
Gg CO2 eq. 77 73 49 43 42 33 41 32 29

Domestic navigation

The emissions from 1.A.d Domestic Navigation are included into the road transport and the
notation key IE has been used. The fuel for small boats and yachts (diesel oil) is sold on four
petrol stations at Adriatic coast (Izola Pier, Lucija Pier, Marina Koper and Piran Pier). As
those stations are selling fuel to road vehicle also, a split between road and marine traffic is
not possible. For this reason we have reported all fuel in sub-sector road traffic.

Other transportation

In the category 1.A.3.e Other transportations only emissions from natural gas combusted in
the compressor stations have been reported. As data are available since 2008 the notation
key IE has been used for the period 2002-2007, and corresponding emissions are included
in 1.A.4.a Commercial/Institutional sector. There was no compression station in Slovenia
before 2002. Fuel in TJ and GHG emissions are presented in table 3.2.48.

Table 3.2.48: GHG Emissions from compressor station in the period 1986-2018.

1986 - 2001 | 2002 - 2007 2010 2015 2017 2018
fuel in TJ NO IE 79 53 83 14
Gg CO2eq. NO IE 4 3 5 1

3.2.6.2.2 Methodology issues
To estimate emissions from these categories, the following methodology has been adopted:
Emissions = Quantity of Fuel used x Net Calorific value x EF per energy of Fuel

Activity data and NCV

The data on the fuel consumption as well as NCVs have been obtained from SORS except
for natural gas, which has been obtained from the company Plinovodi which is the owner of
both compressor stations. The net calorific values used for the 2018 inventory are presented
in table 3.2.49.

Table 3.2.49: NCVs for fuel used in all other transportation in 2018.

. Aviation Jet .
Unit . Gas Oil Coal Natural gas
Gasoline kerosene
NCV TJ/kt or TJ/ 108 Sm3 43.54 43.54 42.6 11.623 34.084
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Emission factors

All emission factors have been taken from the 2006 IPCC Guidelines except for CO, EF for
natural gas which is country specific (Table 3.2.50).

Table 3.2.50: EFs for fuel used in all other transportations in the period 1986-2018.

. Aviation Jet .
Unit . Gas Oil Coal Natural gas
Gasoline kerosene
CO: EF t/T) 69.3 71.5 74.0 101 Table 3.2.2
CH4 EF t/T) 0.0005 0.0005 0.00415 0.002 0.001
N20 EF t/T) 0.002 0.002 0.0286 0.0015 0.0001
IPCC, Table IPCC, Table IPCC, Table
Source CO: IPCC, Table 2.2 CS
3.6.4 3.6.4 3.4.1
CHa, IPCC, Table IPCC, Table IPCC, Table IPCC, Table
Source IPCC, Table 2.4
N20 3.6.5 3.6.5 3.4.1 3.4.1

IPCC = 2006 IPCC Guidelines for National GHG Inventories, Vol. 2

According to the information from Railway Company, a very low calorific brown coal with
NCVs in the range 10-13 TJ/kt had been used in the “archaic” steam driven locomotive due
to the safety reasons, and to preserve this piece of history. For this reason the default EF for
lignite has been applied in the calculations.

3.2.6.2.3 Uncertainty and time —series consistency

The uncertainty estimates for the transport sector are mostly based on an expert judgement.
To determine the uncertainties of the AD, consultations with experts from SORS were
performed, while values from the 2006 IPCC GL have also been taken into account for the
uncertainties of EFs.

Table 3.2.51: Uncertainties of activity data and emission factors as used in the 2018 submission for the
base year and the last reporting year in per cents.

1986 and 2018
AD CO: EF CH4 EF N20O EF
Aviation Gasoline 5 4 150 150
Railways/Liquid 5 1.5 150 150
Railways/Solid (1986) 10 10 135 150
Other/Gaseous (2015) 5 3 135 135

The uncertainty of activity data is a combination of systematic and random errors. The
statistical data which are obtained from the obligatory reporting are usually within 3%. In
addition, the activity data are subject to the random errors in the data collection. Countries
with good data collection systems may keep the random error to about 2-3%. The experts
believe that for most developed countries the total uncertainties of activity data are in the
range of 5%. After consultation with SORS and taking into account the levels of uncertainties
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associated with transportation recommended in the 2006 IPCC GL, we have used different
uncertainties for different types of fuel as presented in the Table 3.2.51.

3.2.6.2.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3 while QA is applied with the comparison with the energy balance data in RA.

3.2.6.2.5 Category-specific recalculations

No recalculations have been performed for this category.

3.2.6.2.6 Category-specific planned improvements

No improvement is planned for this category.
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3.2.7 Other Sectors (CRF 1A4)

This chapter presents the consumption of fuels and emissions of greenhouse gases in:

» Commercial / Institutional sector (CRF 1A4a)
» Residential sector (CRF 1A4Db)
» Agriculture and forestry (CRF 1A4c)

Emissions from Fishing are not included in this sector, because the data on the fuel used for
this purpose are not available separately. According to The European Community Fishing
Fleet Reqgister there were 134 vessels in the fishing fleet at the end of 2018. The majority
of the fleet, 88%, is composed from vessels shorter than 12 meters. Only 15 vessels
are in the range of 12-17.9 m and only one vessel is above 18 m. After the implementation
of the scrapping measure in the period 2012 — 2013 there are no vessels longer than 24 m
in the Slovenian fishing fleet.

Due to the sea border dispute with the Croatia and due to the EU legislation on Common
Fisheries Policy (the subsidies are given to fishermen if they give up fishing and destroy the
vessels) the numbers of vessel is decreasing from year to year and the number of active
vessel in 2018 was only 77. The fuel used for these vessels and a corresponding GHG
emissions which are almost negligible, are included in the 1.A.3.b Road transport.

Table 3.2.52: Method, EF used and key categories indications for the year 2018 in the Other sectors.

CO2 CHas N20
Key Key Key
Fuels Method EF Method EF Method EF
category category category

Gaseous T2 (&) LT T1 D - T1 D -
Liquid T1 D LT T1 D - T1 D -
Solid T1 D T T1 D Tsub T1 D -
Biomass T1 D - T2 CS L T1 D -

In this sector CO, emissions due to the use of gaseous and liquid fuel is a key category
according to the level and trend, methane emissions from the biomass combustion is a key
category according to the level, while methane emissions from the solid fuel is key category
according to trend, only. The amount of solid fuel which is used in the residential sector is
small and CO, emissions are almost negligible, thus the use of default EF seems appropriate
(Table 3.2.52). The GHG emissions are presented in the Table 3.2.53 and on the Figure
3.2.20.
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Figure 3.2.20: GHG emissions from Other Sectors.
Table 3.2.53: GHG emissions from Other Sectors in kt CO. eq.
1986 | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2017 | 2018
4. Other Sectors 2440 | 1867 | 2501 | 3127 | 2677 | 2268 | 1486 | 1425 | 1307
a. Commercial/lInstitutional 646 525 712 915 722 653 393 364 307
b. Residential 1315 971 1507 | 1952 | 1697 | 1380 850 819 759
c. Agriculture/Forestry/Fisheries | 479 371 283 261 258 234 243 241 242

3.2.7.1 Commercial / Institutional and Residential Sector (CRF categories
1.A4.aand 1.A.4.b)

3.2.7.1.1 Category description

Emissions from these two subsectors were in 2018 for 45.7 % lower than in 1986 despite
that the energy of the fuel used was lower by 12.0% only. The reason for this is the shift in
the fuel mix from solid fuels to natural gas and in the last years to biomass. Since 2010 the
emissions have decreased also due to the warmer winters and due to an improved thermal

insulation of the buildings.

3.2.7.1.2 Methodology issues

To estimate the emissions from these categories, the following methodology has been

adopted:

Emissions = Quantity of Fuel used x Net Calorific value x EF per energy of Fuel
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The data on the fuel used in these two sectors have been obtained from the SORS.

Before 2005 the consumption of fuels in the commercial sector and households has been
combined under “Siroka potro$nja” in our basic source of data (Statistical Yearbook of
Electricity Generating Industries). The disaggregation into these two categories has been
done within the framework of the research project done at the end of the year by the Institute
of Energy Industries (Gasperi¢, Dornik 1998).

Data from that research project have been corrected in the following points:

e Quantities of fuel oil which have been consumed in the road transport as gas oil and
which have been estimated in the research project "Assessment of Emissions of
Greenhouse Gases in Road Traffic” (Institute of Transport Technology, 1999) are
subtracted from the sector “Siroka Potro$nja”, namely 80 % from sector Consumption
in Households and 20 % from Consumption in Commercial Sector (see Table 3.2.54).

e All quantities of residual fuel oil, reported as consumed in Other consumption in LEG,
are presented as consumption in the commercial/institutional sector in this report. In
the energy statistics of Slovenia, this item is a balance category; consequently, it will
be positive in some years, negative in other years. The quantities used in the
calculating of emissions for this report (either positive or negative values) have been
taken from LEG.

Table 3.2.54: Estimates of Inappropriate Consumption of Fuel Oil in Commercial Sector and

Households
Year Other |Estimate of Other Split of Actual Consumption
Consu. |“Inappropriate” Consumption |“Inappropriate” Use |of Res. Fuel Oil in
(LEG) |Use of Res.Fuel Qil. |(NIR) of Fuel Oil Other Consumption
subtracted from Resid. Comm./ |Resid. Comm./In
Other Cons (LEG) & Institution |(NIR) st
added to Road (NIR)
Transport
A B C=A-B D=0.8xB | E=0.2 x B F+G=C
(tonnes) (tonnes) (tonnes) 80% 20% (tonnes) | (tonnes)
1986 | 157835 36121 121714 28897 7224 72117 49597
1990 | 310342 96020 214322 76816 19204 | 121803 92519
1991 | 327577 80733 246844 64586 16147 145063 | 101781
1992 | 300726 59608 241118 47686 11922 144779 | 96339
1993 | 411782 744 411038 595 149 262945 | 148093
1994 432591 1141 431450 913 228 275945 155505
1995 | 512171 -23212 535383 - - 342645 | 192738
1996 | 625621 -79731 705352 - - 451425 | 253927

Since 2005, the data on the fuel used in commercial and residential sector have been
available from Joint questionnaires.
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The net calorific values have been taken from SORS. The values for solid fuel varies from
year to year but for the liquid and gaseous fuel almost the same values have been used for
the entire period, as these types of fuel don’t change a lot from year to year. All NCVs are
presented in the Table 3.2.55.

Table 3.2.55: NCVs for the fuel used in Commercial Sector and Households.

Sub- Sub- Wood
bituminous | bituminous and
Lignite Coal - Coal - Residual Natural | Other
Year (Velenje) | domestic | imported Fuel Oil Fuel Oil LPG Gas Biomass
TJ/kt TJ/kt TJ/kt TJ/kt TJ/kt TJ/kt TJ/Mm3 | TJ/kt
1986 9.390 11.880 41.82 39.74 46.00 33.500 14
1987 9,650 11.820 41,78 39.80 46.00 33.500 14
1988 9,440 12.000 41,71 39.80 46.00 34.080 14
1989 9,820 12,050 41,85 39.90 46.00 34.100 14
1990 9.810 12.760 41.87 39.80 46.00 34.100 14
1991 9.980 12.879 41.88 39.80 46.00 34.100 14
1992 10.260 12.589 41.90 39.90 46.00 34.100 14
1993 10.070 13.351 41.90 39.80 46.00 34.100 14
1994 9.960 12.666 41.90 39.86 46.00 34.100 14
1995 10.220 17.404 41.90 40.00 46.00 34.100 14
1996 9.690 16.353 41.90 40.00 46.00 34.100 14
1997 9.610 18.203 41.90 40.00 46.05 34.080 14
1998 10.010 18.531 41.90 40.00 46.05 34.080 14
1999 9.690 18.563 41.90 40.00 46.05 34.080 14
2000 10.170 17.983 41.90 40.00 46.05 34.080 14
2001 10.660 18.834 41.90 40.00 46.05 34.080 14
2002 10.350 19.000 41.90 40.00 46.05 34.080 14
2003 10.138 19.000 41.90 46.05 34.080 14
2004 10.301 19.000 41.90 46.05 34.080 14.04
2005 10.803 17.000 42.60 46.05 34.080 14.07
2006 17.318 41.90 46.05 34.072 14.11
2007 16.863 42.60 46.05 34.076 14.15
2008 16.407 42.60 46.05 34.096 14.19
2009 15.952 42.60 46.05 34.080 14.74
2010 16.155 42.60 46.05 34.080 14,75
2011 15.985 42.60 46.05 34.087 14,78
2012 16.032 42.60 46.05 34.093 14,80
2013 16.457 42.60 46.05 34.079 14.81
2014 15.734 42.60 46.05 34.083 14.81
2015 16.360 42.60 46.05 34.086 14.81
2016 16.575 42.60 46.05 34.087 14.82
2017 16.000 42.60 46.05 34.087 14.82
2018 17.647 42.600 46.050 | 34.087 15.80
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Emission factors

Emission factors are mainly taken from the 2006 IPCC Guidelines, Vol. 2 Table 2.4 and
Table 2.5. with the following exceptions. Country specific CO, EFs have been used for
domestic lignite and natural gas, and country specific CH4 emissions factor for wood biomass
combustion in the residential sector. Emission factors are presented in the Table 3.2.56-58.

Table 3.2.56: EFs for the fuel used in Commercial Sector.

Sub- . Wood
L . . Residual
T ngnlt'e bituminous Fu'el Fuel e Natural |and o'ther G.aseous
(Velenje) Coal - Oil oil Gas solid biomass
domestic biomass
CO: EF t/T) Table 101 74.0 77.1 63.1 Table 112 54.6
3.2.1 3.2.2
CH4 EF t/T) 0.01 0.01 0.01 0.03 0.005 0.005 0.3 0.005
N20 EF t/T) 0.0015 0.0014 0.0006 | 0.0006 0.0001 0.0001 0.0040 0.0001
Table 3.2.57: EFs for the fuel used in Residential Sector if different from Commercial.
Sub-
T Lignite | bituminous Wood
(Velenje) Coal - biomass
domestic
CH4 EF t/T) 0.3 0.3 Table 3.2.58
Table 3.2.58: CS EFs in t CH4 /TJ for wood biomass combustion in the Residential Sector

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956 0.2956

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
0.2947 0.2939 0.2930 0.2921 0.2912 0.2904 0.2895 0.2886 0.2877 0.2869

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
0.2823 0.2884 0.2785 0.2723 0.2647 0.2652 0.2611 0.2600 0.2490 0.2499

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
0.2484 0.2431 0.2380

The country specific CH4 emission factors for biomass combustion in the residential sector
have been calculated using EFs from the study made by expert in the Institute Jozef Stefan
— Energy Efficiency Centre (Cesen, 2020) and are presented on the table 3.2.59. The same
Institute also provide us the data on different types of technologies for wood combustion in
residential sector for the period 2005 — 2018, while for years before data was estimated
taking into account, that in 1986 only conventional boilers and stoves have existed.
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Table 3.2.59: CH4 EFs for wood biomass combustion for different combustion technologies.

Device label Name of the boiler according to the EMEP/EEA GL 2019 gccl-|l-:4l/521
STD_BOILER Conventional boilers <50kW 345
STD_BOILER_PEL Conventional boilers <50kW 4.4
ECOD_BOILER Advanced eco-labelled stoves and boilers 17.25
ECOD_BOILER_PEL Pellet stoves and boilers 2.8
ECOD_BOILER_CHIP Pellet stoves and boilers 28
OPN_FIREP Open fireplaces 238
H_STOVE Conventional stoves 98
C_STOVE Conventional stoves 98
H_STOVE_IMPR High efficient stoves 108
H_STOVE_ECOD Advanced eco-labelled stoves and boilers 108

3.2.7.1.3 Uncertainty and time —series consistency

The uncertainty estimates for residential and institutional/commercial sector are mostly
based on tan expert judgement. To determine the uncertainties of the AD, consultations with
experts from SORS were performed, while values from the 2006 IPCC GL have also been
taken into account for the uncertainties of EF.

Table 3.2.60: Uncertainties of activity data and emission factors as used in the 2019 submission for the
base year and the last reporting year in per cents.

1986 and 2018
AD CO, EF CH; EF N,O EF
Liquid 5 2 150 150
Solid 10 6.4 135 150
Gaseous 5 2.5 135 135
Biomass 20 NA 150 170

The uncertainty of the activity data is a combination of systematic and random errors. The
statistical data which are obtained from the obligatory reporting are usually within 3%. In
addition, the activity data are subject to the random errors in the data collection. Countries
with good data collection systems may keep the random error to about 2-3%. The experts
believe that for most developed countries the total uncertainties of the activity data are in the
range of 5%. After consultation with SORS and taking into account levels of uncertainties
associated with stationary combustion recommended in the 2006 IPCC GL, we have used
different uncertainties for different types of fuel as presented in the Table 3.2.60.

3.2.7.1.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3 while QA is applied with the comparison with the energy balance data in RA. In this
case the RA is the best verification cross-check as no other data are available for this sector.
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In addition every year the energy of fuel consumption in the commercial/institutional and
residential sectors is compared with the value of Heating Degree Days (HDD). HDD is a
measurement designed to quantify the demand for energy needed to heat a building. The
heating requirements for a given building at a specific location are considered to be directly
proportional to the number of HDD at that location. By default, the duration is limited to days
when the outdoor temperature (threshold) is lower than 12 ° C. For a given place, therefore,
we take the average outdoor temperature during the heating season and subtract it from the
agreed 20 ° C and multiply it by the number of heating days. This comparison is presented
on the Figure 3.2.21. In the recent years, this correlation is very obvious, while In the past,
however, this was not the case, since the heating method at that time was significantly
different (lower heating temperature and fewer heated rooms).
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Figure 3.2.21: Heating degree days and energy of fuel used in the commercial/institutional and
residential sectors.

3.2.7.1.5 Category-specific recalculations

GHG emissions from the biomass combustion in the residential sector in the period 1986-
2008 have been recalculated due to the updated NCV values. These data will be included in
the Official energy statistics for the next reporting cycle.

In addition CH4 emissions from the biomass combustion in the residential sector have been
calculated with Tier 2 methodology with the country specific EF for the first time, therefore
emissions of CH4 have been recalculated for the entire period 1986-2017.

3.2.7.1.6 Category-specific planned improvements

No improvements are planned for this category.
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3.2.7.2 Agriculture and Forestry (CRF category: 1.A.4.c)

3.2.7.2.1 Category description

This chapter should present all consumption of fuel in agriculture, forestry, and fishing.
However, only the consumption of fuel for mobile sources in this sector is presented here.
Not enough data are available for the consumption of fuel in stationary sources in Slovenia;
consequently, these quantities are included in the Commercial / Institutional sector while
emissions from fishing are included in the Road transport.

3.2.7.2.2 Methodology issues

To estimate emissions from these categories, the following methodology has been adopted:
Emissions = Quantity of Fuel used x Net Calorific value x EF per energy of Fuel

Activity data

The consumption of fuels until year 2000 has been calculated from the data on fuel
consumption in state owned agriculture enterprises and corresponding agriculture land. The
same energy intensity have been used to calculate the fuel used on the total agricultural land.
For estimation of the fuel consumption in Agriculture from year 2000 onwards, we used the
same energy intensity (fuel consumption/ha of land) as observed in 2000. The results of the
calculation are presented in the Table 3.2.61 for gasoline and Table 3.2.62 for diesel.

Table 3.2.61: Estimation of the Consumption of Gasoline in Agriculture.
1986 1990 1995 | 2000 | 2005 | 2010 | 2015 | 2018

Cultivated Land in State owned
Agriculture ent. (1000 ha)

Total Cultivated Land (1000 ha) 647 653 634 509 485 483 477 477
Consumption of Gasoline in State

70 77 62 31 - - - -

. 13 1.1 0.7 0.4 - - - -
owned Agriculture ent. (1000 t)

Consumption of Gasoline per ha of
Cultivated Land (t/1000 ha)
Estimated Consumption of Gasoline
in Total Agriculture (1000 t)

18.6 141 10.5 7.1 7.1 7.1 7.1 7.1

12.016 | 9.227 | 6.647 | 3.626 | 3.458 | 3.440 | 3.397 | 3.400

Table 3.2.62: Estimation of the Consumption of Diesel in Agriculture.
1986 1990 | 1995 2000 | 2005 | 2010 | 2015 | 2018

Consumption of Diesel in State owned
Agriculture ent. (1000 t)

Consumption of Diesel per Hectare of
Cultivated Land in State owned| 167.4 | 130.6 | 103.1 123 123 123 123 123
Agriculture ent. (t/1000 ha)

Estimated consumption of Diesel
Fuels in Total Agriculture (1000 t)

11.7 10.1 6.4 3.5 - - - -

108.326 | 85.255 | 65.353 | 62.596 |59.702| 59.364 | 58.648 | 58.702
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The consumption of fuels in the entire forestry is estimated on the basis of the consumption
of fuel in state-owned logging enterprises. The data used are presented in the Table 3.2.63.

Table 3.2.63: The Calculation of the Consumption of Fuels in State Owned Forest

1986/ 1990| 1995 2000( 2005 2010/ 2015 2018

Consumption of Fuel in State owned
Forest (1000 t)

Cut in State owned Forest (1000 m3) 1438 1230 862 907 919 | 1138 | 2116 | 2210
Consumption of Fuel per Cut
Quantities (tons per 1000 m3)

6.902 | 5.922 | 3.680| 2.808

4.8 4.8 43 3.1

Consumption of gasoline per Cut

. 0.28 0.18 0.20 0.22
Quantities (tons per 1000 m3)

Consumption of diesel per Cut

- 3 2.95 1.03 1.02 0.93
Quantities (tons per 1000 m?)

Total Cut (1000 m?3) 3501 2435 2092 2609 | 3236 | 3374| 6031 | 6061
Total Consumption of Fuel in Forestry

16.804 | 11.720 | 8.931| 8.077
(1000 t)
Gasoline (1000 tonnes) 1.680| 1,172 | 0.893 | 0.808 | 0.917 | 0.616 | 1.198 | 1.309
Diesel (1000 tonnes) 15.124 | 10.548 | 8.038 | 7.272| 9.536 | 3.486 | 6.135| 5.650

For the state-owned sector, data are available for the consumption of fuel and cut, for the
private sector only data on cut are available. Firstly; the consumption per m?® of cut in the
state-owned logging enterprises is estimated. Based on these estimates and the data on the
total cut, an estimation of the consumption in the whole of forestry is calculated. Before 2005
there were no separate data on the consumption of gasoline and diesel, only the total
consumption. Consequently, the split is done considering the split in agriculture (10 %
gasoline, 90 % gas oil), presuming that the same amount of fuels is consumed per m® of
felled wood in the private forestry as in the state forestry. The data needed for the estimation
of the consumption of fuels in Agriculture and Forestry is available for all years and are
obtained from the SORS.

Net calorific values
We have used value 43.850 TJ/1000t for gasoline and 42.6 TJ/1000t for gas diesel oil as
reported by SORS.

Emission factors

For calculation of emissions, the emission factors, recommended in 2006 IPCC Guidelines,
Vol 2, Table 3.3.1, Agriculture were used. We have assumed that mostly 4-stroke gasoline
motors have been used. EFs are presented in the Table 3.2.64.

Table 3.2.64: Default EFs for gasoline and diesel oil used in the agriculture and forestry.

Diesel Motor gasoline
t/T) t/T)
CO: EF 74.1 69.3
CH4EF 0.00415 0.08
N20 EF 0.0286 0.002
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3.2.7.2.3 Uncertainty and time —series consistency

The uncertainty estimates for this category are the same as for residential and
commercial/sector, because the same estimates have been used for whole “Other Sectors”
(Table 3.2.65).

Table 3.2.65: Uncertainties of activity data and emission factors as used in the 2020 submission for the
base year and the last reporting year in per cents.

1986 and 2018
AD CO, EF CH4 EF N,O EF
Liquid 5 2 150 150

3.2.7.2.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3 while QA is applied with the comparison with the energy balance data in RA

3.2.7.2.5 Category-specific recalculations

No recalculations have been performed for this category.

3.2.7.2.6 Category-specific planned improvements

No improvement is planned for this category.
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3.2.8 Other (CRF 1A5)

3.2.8.1.1 Category description

This chapter presents the consumption of fuels and emissions of greenhouse gases in:
» Other mobile (CRF 1A5b)

The emissions from jet kerosene in Slovenian Army and Police have been included in this
category. The fuel used (TJ) and GHG emissions are presented in the Table 3.2.66.

Table 3.2.66: GHG Emissions in the period 1986-2018.

1986 1990 1995 2000 2005 2010 2015 2016 2017 2018
fuelinTJ 575 444 19 43 46 40 51 50 57 54
Gg CO:2 eq. 41 32 1 3 3 3 4 4 4 4

3.2.8.1.2 Methodology issues

To estimate the emissions from these categories, the following methodology has been
adopted:

Emissions = Quantity of Fuel used x Net Calorific value x EF per energy of Fuel

Activity data

Since 2008, the consumption of jet kerosene in Slovenian army and police has been
obtained. These data are not available for the period 1986-2007. Following the
recommendation from ARR 2011, the fuel used in Slovenian army and Police has been
estimated using correlation with the number of aircrafts in the Slovenian army. To estimate
emissions in the period 1986-1990/91, when Slovenia was still part of Yugoslavia, the fuel
used for the international aviation has been estimated taking into account the correlation with
the number of passengers on commercial flights and the remaining amount of jet-kerosene
was counted as fuel used in the Yugoslavian army on Slovenian territory.

Net calorific values

We have used value 43.54 TJ/1000t for jet kerosene. This value was obtained from SORS.

Emission factors

For the calculation of emissions and individual gases, the emission factors from 2006 IPCC
Guidelines, Vol 2, Table 3.6.4 and 3.6.5 for jet kerosene were used as presented on the
Table 3.2.67.
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Table 3.2.67: Default EFs for jet kerosene used in the Slovenian Army and Police.

Jet kerosene

t/T)
CO: EF 715
CH4EF 0.0005
N20 EF 0.002

3.2.8.1.3 Uncertainty and time —series consistency

The high uncertainty of the AD for the base year is due to the unavailability of data. The
uncertainties of the EFs are from the 2006 IPCC GL (Table 3.2.68).

Table 3.2.68: Uncertainties of activity data and emission factors as used in the 2018 submission for the
base year and the last reporting year in per cents.

1986

2018

AD

CO: EF

CH4 EF

N2O EF

AD

CO: EF

CHa EF

N2O EF

liquid

30

3

150

150

10

3

150

150

3.2.8.1.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3 while QA is applied with the comparison with the energy balance data in RA.

3.2.8.1.5 Category-specific recalculations

No recalculations have been performed for this category.

3.2.8.1.6 Category-specific planned improvements

No improvement is planned for this category.
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3.3 Fugitive emissions from solid fuels, oil, natural

This chapter presents the fugitive emissions of greenhouse gases from:

» Solid fuels
» Oil and natural gas

(CRF 1.B.1)
(CRF 1.B.2)

gas and other emissions from energy production,
(CRF 1.B)

Coal mining and handling is a key category and the emissions have been calculated using
Tier 3 methodology with EFs specific for each mine. For the methane emissions from
abandoned and close coal mines we have used Tier 2 approach.

Emissions of CO due to the flue-gas desulfurization in coal power plants have been also
reported in this category under 1.B.1.c Other. They were calculated using Tier 3 methodology

and PS data.

Fugitive emissions from oil and natural gas are not a key category and have been calculated

using Tier 1 approach and default EFs as indicated on the Table 3.3.1 below.

Table 3.3.1: Method, EF used and key categories indications for the year 2018 in the Fugitive emissions

sectors.
CO: CHa N20
Key Key
Fuels Method EF Method EF Method EF
category category category
Coal Mining
' T3 PS T T2, T3 D, PS NO NO NA
and Handling
S02 scrubbing T3 PS LT NO NO NO NO NA
Oil and Natural
T1 D - T1 D T1 D -
Gas

GHG emissions in kt of CO; equivalent for each category are presented in the table 3.3.2
and on the Figure 3.3.1.

Table 3.3.2: Fugitive emissions of GHGs in kt CO, eq.

in kt CO2 eq. 1986| 1990| 1995| 2000| 2005 2010 2015, 2017| 2018
Total 593 512 487 472 526 522 370 408 390
Solid Fuels 551 461 442 424 474 474 335 369 351
Oil and Natural gas 42 50 45 48 53 48 36 40 39
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3.3.1 Solid Fuels (CRF 1.B.1)

3.3.1.1 Category description

This sub-chapter presents the fugitive emissions of greenhouse gases from:

» 1.B.l.a.i Coal mining and handling / Underground mines
o Mining activities
o Post-mining activities
o Abandoned underground mines
» 1.B.1.c Other
o SO: scrubbing

This chapter encompasses emissions arising from underground coal mines due to the
production, processing, and storage of coal. The most important component of those
emissions are CH4 emissions that arise during mining and post-mining activities although
CO, emissions occur as well. In 2015 submission CH4 emissions from abandoned coal mines
have been estimated for the first time following methodology described in 2006 IPCC GL.
The emissions due to the flu-gases desulphurization have been reallocated from the IPPU
sector to the energy sector as recommended in the 2006 ICC GL and reported under 1.B.1.c
Other. The emissions from these categories are presented in the Table 3.3.3 and Table 3.3.4.

Table 3.3.3: Emissions from Coal mining and handling 1986 — 2018 in kt CO- eq.

1986 | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2017 | 2018
Mining (CHa) 103.3 53.1 | 256.0 | 200.4 | 208.2 | 208.6 | 159.2 | 168.6 | 161.6
Mining (CO,) 123.1 | 100.6 | 88.1 80.7 83.1 82.4 61.4 65.1 62.4

Post-Mining (CHs) | 324.0 | 307.4 67.9 99.7 96.0 88.3 53.1 56.1 53.9
/Abandoned coal
mines (CH.)

0.2 0.4 0.2 6.7 4.0 2.8 5.8 4.7 4.3

Total 550.6 | 461.4 | 412.2 | 387.6 | 391.2 | 382.1 | 279.5 | 294.6 | 282.2

Table 3.3.4: Emission of CO, from SO, scrubbing 1986 — 2018 in kt CO..
1986 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2017 | 2018

SO, scrubbing NO NO 30.0 36.7 82.3 915 55.3 74.0 68.4

3.3.1.2 Methodology issues

Mining and post mining

Methane emissions (t) = (EF1+ EF,) * excavated coal (t) * 0.67(kg/m?)
CO; emissions (t) = EFs (m® CO2/t) * excavated coal (t )* 1.84(kg/m?)

EF1 = Methane emission factor in coal excavation (m? CHa/t)
EF2 = Methane emission factors in post-mining activities for coal (m® CHa/t)
EF3 = CO2 emission factor in coal excavation (m® CO2/t)
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The methodology follows Tier 3 approach as the EFs in the equation above are specific for
each mine.

Activity data

The data on excavated quantities of coal according to the individual coalmines are taken
from SORS and are presented in the Table 3.3.5.8

Table 3.3.5: Excavation of Coal in Slovenia 1986 — 2017

Pit 1986 | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2017 | 2018 Closed in

Velenje 5,001 | 4,210 | 3,917 | 3,743 | 3,945 | 4,011 | 3,168 | 3,356 | 3,217

Trbovlje - Hrastnik| 1,242 | 905 812 737 594 419 2013
Zagorje 315 244 75 1997
Senovo 120 108 45 1996
Kanizarica 126 94 35 1996
Lasko 25 1990
Total Coal

Excavation (Gg) 6,828 | 5,561 | 4,883 | 4,480 | 4,540 | 4,430 | 3,168 | 3,356 | 3,217

Emission factors

The estimates of the emission factors for the individual coalmines in Slovenia were done at
the Ecological Research Institute (ZapuSek A., Orednik K., AvberSek F: Assessment of
methane emission factors in coal excavation in 1986 and in the period 1990-1996, Velenje:
ERICO - Ecological Research Institute, 1999).

Since 1997, the emission factors recommended in the study have been assumed.

Details from the ERICO study:

The data on the amount of exhaust air used for ventilation of the mines and methane content
in the outlet air was obtained from the technical services in each mine. For the coal mines
with more ventilation stations, the data from each ventilation station was considered. The
chemical analysis of all samples was done in Chemical-technological laboratory in the coal
mine Trbovlje-Hrastnik. Air sampling at the exit valves was held once a month in the middle
of the month and in the middle of the working week, when the CH, concentrations are
generally the highest. The air flow was measured with congestive pressure (Pittot Prandt
tube). The proportions of CH4 were determined on the basis of IR detection. The range of
the uncertainties of EFs for mining was from 8 to 100%, it depended on the amount of
methane in the air.

From the measurement of methane de-sorption in samples it was found that, after long
enough period, all methane is released. It was assumed that the total EF for the type of coal
or for the coal from the particular mine was constant. The total EF was determined as EF
from mining plus EF from post-mining activities. For Velenje and Trbovlje coal mine the total
EF was determined to be 4 m®/t coal. Methane emission factors for mining and post-mining
activities for each particular coal mine are presented in the Table 3.3.6 and 3.3.7,
respectively.

111



SLOVENIA'S NATIONAL INVENTORY REPORT 2020

In 1994, the new method of excavation has been introduced in the Velenje Coal mine which
affected EFs from mining activities. Due to the new technology of mining, the coal is broken
into smaller pieces what causes more methane to be released from the coal during mining
and, consequently, less methane is available for the emissions during post-mining activities.
This excavation methodology in the Velenje coal mine has been applied until now, while no
major changes of mining practice have occurred in the Trbovlje-Hrastnik coal mine in the
reporting period.

In the same study, the CO; EFs for mining activities have been determined using the same
sampling method. Due to a large variation between years, the average value for 1986-1996
has been used for all reporting years (Table 3.3.8)

Table 3.3.6: Emission Factors for CH, in Coal Excavation 1986 — 2018 (m® CHa/t coal)

Pit 1986 1990 1995 1997-2018
Velenje 0.95 0.33 3,56 3.00

Trbovlje - Hrastnik 0.62 0.88 0,46 1.00 (Closed since 2013)
Zagorje 1.39 3.59 11.30 Closed since 1997
Senovo 0.57 0.63 1.53 Closed since 1996
Kanizarica 0.33 0.45 1.21 Closed since 1996
Lasko 3.82 Closed since 1990

Table 3.3.7: Emission Factors for CH, in Post Mining Activities 1986 — 2018 (m® CHa/t coal)

Pit 1986 1990 1995 1997-2018
Velenje 3.05 3.67 0.44 1.00

Trbovlje - Hrastnik 2.38 2.12 2.54 3.00 (Closed since 2013)
Zagorje 1.61 2.00 2.00 Closed since 1997
Senovo 2.43 2.37 1.47 Closed since 1996
Kanizarica 2.67 2.52 1.79 Closed since 1996
Lasko 0.18 Closed since 1990

Table 3.3.8: Emission Factors for CO. in Coal Excavation 1986 — 2018 (m? COx/t coal)

Pit 1986-2018
Velenje 10.54
Trbovlje - Hrastnik 6.03
Zagorje 9.51
Senovo 16.16
Kanizarica 8.21
Lasko 30.80

Abandoned underground mines

The data on abandoned and close mines have been obtained from the study made by
Geological Institute of Slovenia in 2004 for coordination with activities of the European Union
(Budkovi€, 2005). This study contained register of 44 opened, closed and abandoned coal
mines in Slovenia. From this list we have chosen 7 closed gassy coal mines which are not
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fully flooded. For 4 closed mines data on measured emissions on the last year of operation
are available, while for other 3 these emissions have been estimated with correlation with
the data on probable coal reserve. All data from this registry are available in the Table 3.3.9.

Table 3.3.9: Closed and abandoned coal mines —data from the registry.

Measured
. Average ..
Maximal emissions
Opened . . probable
. type of . Closed in yearly in the on the last
Coal mine in the L. reserves
coal the year | productionin| year | . year of
year in million L.
tonnes operation in
tones
kt CHa
Trbovlje-Hrastnik brown 1804 2013 1,000,000 1929 35 0.22
Zagorje brown 1736 1997 685,000 1960 18.5 0.39
Senovo brown 1819 1995 250,000 1943 4.65 0.07
Kanizarica brown 1854 1995 143,000 1969 4.35 0.04
Lasko brown 1800 1989 132,000 1962 1.2 0.01
Sega brown 1863 1963 18,000 1957 0.8 0.01
Krmelj brown 1809 1962 11,.000 1950 3.6 0.043
LeSe brown 1824 1936 4,.000 1850 0.5 0.006

Table 3.3.10: EFs used for calculating emissions from Closed and abandoned coal mines in 2018.

Measured T
emissions on the (years since EF
type of last year of abandonment)

Coal mine coal operation in kt CH,

Trbovlje-Hrastnik brown 0.22 5 0.426
Zagorje brown 0.39 21 0.150
Senovo brown 0.07 23 0.139
Kanizarica brown 0.04 23 0.139
Lasko brown 0.01 29 0.113
Sega brown 0.01 55 0.063
Krmelj brown 0.043 56 0.062
Lese brown 0.006 82 0.043

The emissions are calculated using Tier 2 equation 4.1.12 from 2006 IPCC GL, and
coefficients have been taken from the Table 4.1.9 from 2006 IPCC GL. All mines were sub-
bituminous coal mines (A =0.27, b =-1)

CHa4 emissions = CH4 emissions prior to abandonment * EF

EF=(1+a*T)P

a and b are constants determining the declining curve
T = years elapsed since abandonment and inventory year

T and EFs calculated from equation above for 2018 are presented in the Table 3.3.10.
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SO, scrubbing

Using a technology for reduction of SO, emissions in the process of consumption of coal is
causing the emissions of CO.. CO2 emissions from the SO, scrubbing have been calculated
from consumption of additive CaCO3z and the appropriate emission factor.

The activity data on CaCO3s consumption for the period 1995-2004 have been taken from the
documents of Milan Vidmar Electro-institute. Prior to 1995, there were no wet flue gas
desulphurisation units installed for reducing emission of SO- in Slovenia. The data on CaCOs3
and MgCOsfor the period 2005-2018 have been obtained from the verified ETS reports. The
default emission factors, 439.71 kg COa/ton limestone and 521.97 kg COz/ton magnesium
carbonate, have been applied for the whole period.

3.3.1.3 Uncertainty and time — series consistency

The uncertainties have been taken from 2006 IPCC Guidelines, while for other the other
sources (SO; scrubbing) are based on an expert judgement. They are presented in the Table
3.3.11.

Table 3.3.11: Uncertainties of activity data and emission factors as used in the 2020 submission for the
base year and the last reporting year.

1986 2018

AD CO, EF CH; EF N,O EF AD CO, EF CH; EF N,O EF
Coal Mining 10 150 30 NA 10 150 30 NA
and Handling
Other =30 NO NO NA NA 5 2 NA NA
scrubbing

3.3.1.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3.

In addition, for 1B1 Mining activity methane emissions for the only operational coal mine in
Velenje as reported to the E-PRTR have been compared to emissions from GHG inventory.
The results are presented on the Figure 3.3.2. EFs calculated from emissions reported to E-
PRTR fluctuates a lot, but the average methane EFs is almost the same as EF used in the
inventory, 2.06 and 2.01 t/kt respectively. As the total methane emissions from mining
activity are calculated in the way that the total emissions (mining + post-mining emissions)
per excavated kt of coal are constant, these fluctuations have not been taken into account.
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Figure 3.3.2: CH4 EF in t CH4/ kt of excavated coal from Velenje coal mine as calculate from emissions
reported to E-PRTR and EF used in GHG inventory.

CO2 emissions from 1B1c Other / SO, scrubbing were a key source in 2018. Due to the fact,
that AD are obtained from the verified ETS reports, additional QA is not necessary. We have
compared the final CO, emissions from ETS report and from GHG inventory and the
difference in 2018 was 0.065%. The reason is a different EFs used: in ETS the EF factors

are rounded and are 440 instead of 439.71 kg CO./t CaCOs and 522 instead of 521.97 kg
CO2/t MgCO:s.

3.3.1.5 Category-specific recalculations

No recalculations have been performed for this category.

3.3.1.6 Category-specific planned improvements

No improvement is planned for this category.
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3.3.2 Oil and natural gas (CRF 1.B.2)

3.3.2.1 Category description

Fugitive emissions of GHG from Oil and Natural Gas in the period 1986-2018 are presented
in the Table 3.3.12. Methane emissions from the production of crude oil and refined
petroleum products were insignificant in the period 1986-2002 and have not occurred since
2003. There was also one oil refinery in Slovenia which was closed in 2002. Since then no
oil is refined in the country. According to the 2006 IPCC GL fugitive CH4 emissions due to
transport of LPG have been also reported under this category.

Table 3.3.12: Fugitive emissions of GHG from Oil and Natural gas in 1986 — 2018 (kt CO2 eq.)

1986 1990 1995 2000 2005 2010 2015 2018

Production | 0.00004 | 0.00004 | 0.00003 | 0.00001 NO NO NO NO
Transport 0.032 0.025 0.026 0.059 0.065 0.062 0.060 0.069

8‘ Refining 0.341 0.341 0.331 0.093 NO NO NO NO

Venting 0.065 0.063 0.047 0.020 NO NO NO NO

Flaring 0.149 0.145 0.108 0.050 NO NO NO NO
Production 2.247 7.204 4.141 0.968 0.142 0.224 0.101 0.538
g Transmission | 9.980 10.705 9.814 11.300 12.654 11.178 7.747 8.335
g Distribution | 22.911 24.576 24.052 27.937 31.436 29.185 22.482 24.526
E Venting 6.655 7.139 6.545 7.536 8.439 7.455 5.166 5.559
= Flaring 0.011 0.034 0.025 0.010 0.005 0.008 0.004 0.020
TOTAL 42.391 50.232 45.090 47.974 52.741 48.112 35.559 39.046

Natural gas transmission and distribution is the main source of emissions in this category
while fugitive emissions from natural gas production are less important. The gasification of
Slovenia began in the early 1970s and in 1978 the newly constructed pipeline system
enabled the transportation of Russian natural gas for Croatia and delivered gas to the first
two consumers in Slovenia. Today, the total length of the gas pipeline transport network in
Slovenia, which is constantly growing, exceeds 1150 km.

Besides Russia, in 1992, natural gas deliveries from the second source, namely, from
Algeria, started, which essentially increased the reliability of the supply and enabled the
growth of natural gas consumption also in households and for commercial use. Since 2001,
natural gas from a third source, Austria, has been delivered.

There is no processing of natural gas in Slovenia. A very small amount, which is produced,
is transported directly without processing to the chemical plant nearby the production place.
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3.3.2.2 Methodology issues

GHG emissions in this category include:

e emissionsl: venting, flaring and fugitive GHG emissions from crude oil production,
emissions2: fugitive CO, and CH, emissions from crude oil refining,
emissions3: CO, emissions from the transport of LPG
emissions4: flaring and fugitive GHG emissions from natural gas production,
emissions5: venting and fugitive CO, and CH4 emissions from NG transmission,
emissions6: fugitive CO, and CH, emissions from NG distribution.

The emissions have been calculated using Tier 1 approach as describe in 2006 IPCC GL
with the equations below:

emissions1= crude oil produced (ton) x density (/1000 m®) x EFs (Gg/1000 m®)
emissions2= oil refined (ton) x density (/1000 m®) x EFs (Gg/1000 m?)
emissions3= LPG consumed (ton) x density (/1000 m?) x EFs (Gg/1000 m?)
emissions4= natural gas production (1000 m®) x EFs (Gg/10°® m®)

emissions5= marketable gas (1000 m®) x EFs (Gg/10° m®)

emissions6= natural gas utility sale (1000 m®) x EFs (Gg/10° m®)

Activity data

The data on the amount of crude oil produced and refined and LPG consumed have been
obtained from SORS. As all data are available in tonnes the following densities have been
used to transform ton to m3: crude oil: 0.85 t/m® and LPG: 0.58 t/m?3,

The data on the natural gas production and amount of marketable gas / utility sale are also
from SORS and are available in the standard m2. In Slovenia the amount of marketable gas
is the same as utility sale, because no export of natural gas has occurred in the reporting
period and there is no storage facility.

For the better estimation of EFs used we have also used the yearly data on length of
transmission and distribution pipelines. From 1986 to 1996 the data on the length of
transmission pipelines have been taken from the research project of the Institute of Energy
Industries (Gasperi¢ M., Dornik M.: Determining the CO; Emission Factor in Energy Use and
CH4 Emission Factor in Transport and Distribution of Natural Gas, Ljubljana: Institute of
Energy Industries, 1998). For the period 1997 - 2007, the data have been obtained directly
from the company Geoplin Plinovodi, and since 2008 from the Energy Agency. The data are
presented in Table 3.3.13 and the transmission network is presented on Figure 3.3.2.

Table 3.3.13: Length of transport pipelines in km and share with regard to the year of construction.

1986 1990 1995 2000 2005 2010 2015 2018
Length (km) 740 784 927 948 960 1,018 | 1,155 1,175
Built before 1992 100% 100% 85% 83% 82% 78% 68% 67%
Built between 1992 and 2004 15% 17% 18% 17% 15% 14%
Built since 2005 6% 17% 18%

117




SLOVENIA'S NATIONAL INVENTORY REPORT 2020

Murfeld
Cersak
Slovenia/Austria

(GCA)

KP Kidricevo &+ .-* /
-0

- R

o\\ Rogatec
Slovenia/Croatia
(Plinacro)

°
® 0

7/ : 5. €  Existing compressor stations
&  Planned compressor stations
mm) Existing flow directions
mmp Planned flow directions (PCl)

Source: Plinovodi

Figure 3.3.3: Network of pipes for transportation of natural gas.

In 2018, a company Plinovodi d.o.o0. operates and owns 1175 kilometres of the Slovenian
gas transmission network which is a part of the European gas network. The network is
composed of longitudinally welded steel pipes, which are protected with anticorrosive
isolative material and dug in the ground approximately 1.5 m deep. It has a nominal pressure
between 50 and 67 bar. As the demand for natural gas is increasing, the compressor station
in Kidri¢evo began to work in 2002 and in 2010 the other one in Ajdovs&ina. GHG emissions
from natural gas used on these two compressor stations are reported under the Fuel
consumption sector under category 1.A.3.e Other transportation.

Table 3.3.14: Distribution pipelines in km and share with regard to the year of construction.

1986 1990 1995 2000 2005 2010 2015 2018
Length (km) 401 514 903 2,079 3,413 4,246 4,633 4,827
Built before 1992 100% 100% 61% 26% 16% 13% 12% 11%
Built between 1992 and 2004 39% 74% 75% 60% 55% 53%
Built since 2005 9% 27% 33% 35%

The activity data for the period 1986 to 2005 for the distribution of natural gas have been
taken from the research project, prepared by the Economic Interest Association of Natural
Gas Distributors. Since 2008 the data on distribution pipelines are available from the Energy
Agency, while for 2006 and 2007 this data have been interpolated (Table 3.3.14).
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Emission factors

The emission factors have been taken from 2006 IPCC GL, Vol. 2, Chapter 4, partly from the
Table 4.2.4 which is relevant for developed countries and partly from the Table 4.2.5 which
is appropriate for the countries with the economy in transition.

For the calculation of fugitive emissions from oil production and refining as well as
corresponding emissions from venting and flaring the default values for counties with the
economy in transition have been used. In case the range was available, the average values
have been taken into account. As these emissions are not occurring any more since 2002
the EFs used seem appropriate. For the fugitive emissions from LPG transport only one
default value is available for developed which is the same as for counties with the economy
in transition thus there was no dilemma which EF should be chosen. EFs used are presented
in the Table 3.3.15.

Table 3.3.15: EFs used in Fugitive emissions from oil in g/m?3.

CO: EF CH4 EF N20 EF Source, 2006 IPCC GL
Oil Production | Fugitives 0.043 0.59 Table 4.2.5
Venting 112.50 855 Table 4.2.5, average
Flaring 48,500 29.50 0.76 Table 4.2.5, average
Oil Refining Fugitives 21.80 Table 4.2.4
LPG Transport  |All 430 (0.0022)* Table 4.2.4

*N2O emissions from transport of LPG have not been reported because CRF tables do not enable to
import N>O emissions under relevant category 1.B.2.a.iii.3 Transport.

To better estimate the fugitive emissions from natural gas 3 different periods have been
introduced:

1986 — 1991: Slovenia is part of Yugoslavia

1992 — 2004: independent Slovenia, before joining EU

Since 2005: Slovenia is part of EU

The first period covers the time when Slovenia was still part of Yugoslavia. Slovenia was
always the most developed and west oriented Yugoslav republic but despite this fact the
system of control wasn’t as rigorous as it is nowadays. After the separation we have started
to change the Slovenian legislation to be in line with the EU. For this time period an important
fact is that the consciousness of the people, involved in the building and maintenance of the
pipelines was on a higher level in independent Slovenia than it was in the past. Since 2005
in Slovenia all legislation and relevant standards are the same as in other EU countries,
additionally the system of control is on the highest level possible.

For the calculation of fugitive emissions from natural gas, except for natural gas production
EFs for developed countries have been used. Despite the fact that we were not developed
country in the past, the complete natural gas network has been build according to the West
European standards. Before 1974, the companies used different standards. The material for
pipelines was made according to the JUS (Yugoslav standard), which was transferred from
DIN (West Germany standard) to a high degree. In some domains also East German
standard TGL (Technische Gute und Lieferbedingungen) was used. In 1974, all companies
together with body of inspectors made an agreement to use west German standards (DVGW,
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DIN, VDI), because more than 90% gas devices were made according to these standards,
particularly DVGW standard (Deutsche Vereinigung des Gas und Wasserfaches e.V.). Until
2002, when a new regulation was passed, DVGW had been the main directive for planning,
construction, operation and maintenance of the pipeline system. Today standard SIST EN
12007, completely in line with CEN (standard of European Committee for Standardization),
is used in Slovenia.

On the following tables EFs used for the calculation of fugitive emissions, and emissions due
to the venting and flaring from natural gas are presented. For the natural gas production the
average value for countries with economy in transition was used for the first period and
average value for developed countries for the last period, while EFs in between have been
interpolated following linear decreasing trend (Table 3.3.16).

Table 3.3.16: EFs used for emissions from Natural gas production in g/m?.

gas 1986-1991 1992-2004 2005-2018
Gas production |Fugitives CO2 0.097 interpolation 0.048
Flaring CO2 14 interpolation 1.2
Gas production |Fugitives CH4 12.19 interpolation 134
Flaring CH4 0.00088 interpolation 0.00076
Gas production |Fugitives N20 NO NO NO
Flaring N20 0.000025 interpolation 0.000021
2006 IPCC Table 4.2.5,
Source o Table 4.2.4, average
Guidelines average

Table 3.3.17: EFs used for emissions from Natural gas transmission and distribution in g/m3.

. Built between 1992 Built since
gas Built before 1992 and 2004 2005

Transmission Fugitives CO2 0.00088 0.00088 0.00088

Venting CO2 0.0031 0.0031 0.0031
ITransmission Fugitives CH4 0.48 0.273 0.066

Venting CHs 0.32 0.182 0.044
Distribution All CO2 0.051 0.051 0.051

All CHa 1.1 1.1 1.1
Source 2006 IPCC Table 4.2.4, the Table 4.2.4, Table 4.2.4, the

Guidelines highest value average lowest value

For the natural gas transmission and distribution the default values from 2006 IPCC GL,
Table 4.2.4 for developed countries have been used, except for calculation of CH4 emissions
from natural gas transmission, for which a range of Tier 1 EF is available. For this cases it
has been taken into account the length of transmission pipelines built in the each period (see
Table 3.3.13). For the pipelines, which were built in the first period the highest values from
the range of EFs has been taking into account, for the pipelines which were built in the last
period the lowest EFs has been used, while for the time in-between the average value from
the range has been used. EFs used are presented in the table 3.3.17 above.
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3.3.2.3 Uncertainty and time — series consistency

The uncertainty are based on an expert judgements taking into account suggested values
from 2006 IPCC GL for default values. They are presented on the Table 3.3.18.

Table 3.3.18: Uncertainties of activity data and emission factors as used in the 2020 submission for the
base year and the last reporting year in per cents.

1986 and 2018

AD CO, EF CH4 EF N,O EF
Oil 5 100 100 NA
Natural gas 2 200 200 NA
Venting and Flaring 3.5 50 50 50

3.3.2.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3. In addition the verification of the fugitive emissions (including venting and flaring) from
natural gas have been performed and the results are presented in the Table 3.3.19 below.
In these calculations the low emission factors from the 2006 IPCC GL from Table 4.2.8 have
been used to calculate the emissions from the production and transmission and use of natural
gas. The CH; emissions for 2018 from GHG inventory are 40% higher than the total
emissions calculated by this simplified method using low EFs.

Table 3.3.19: Data used for verification of fugitive emissions from natural gas.

CH,
AD unit EF unit (1000 m3)
production 16,027 1000 m?3 0.05 % of net prod. 8
transmission 1,175 km 200 m3/km 235
Compressor stations 19.5 MW 6000 m3/MW 117
MRS 254 stations 1000 m3/station 254
distribution 4,827 km 100 m3/km 483
gas use 269,284 appliances 2 m3/appliance 539
TOTAL 1,639
TOTAL CH, emissions in 2018 from NIR (1.5563 kt CH,, density: 0.6788 t/1000m?3) 2,293

It is important to know that the Slovenian distribution network is very new. More than two
thirds of the network has been built in the last 20 years and all old steel and cast iron pipes
were replaced with the new PE or PVC pipes with very low leakages. In addition, the reasons
for low emissions is also the strict EU legislation in this field which requires good maintenance
and, last but not least, the high price of natural gas, which is almost entirely imported.

3.3.2.5 Category-specific recalculations

Fugitive emissions from transport of LPG have been recalculated for the entire period 1986-
2017 due to the error in the calculation formula.
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3.3.2.6 Category-specific planned improvements

No improvement is planned for this category.

3.4 COq capture from flue gases and subsequent CO>
storage

There are no plants for recovery and storage of CO- in Slovenia.
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4 INDUSTRIAL PROCESSES AND PRODUCT USE
(CRF sector 2)

4.1 Overview of Sector

This chapter presents the processes emissions of greenhouse gases in:
» Mineral industry (CRF 2.A) ,
» Chemical industry (CRF 2.B),
» And Metal Industry (CRF 2.C),

and emissions due to the product use:
» Non-energy products from fuels and solvent use (CRF 2.D),
» Product uses as substitutes for ODS (CRF 2.F),
» and Other product manufacture and use (CRF 2.G).

The processes emissions from electronic industry have not occurred in the country.

Industrial activities unrelated to energy produce various GHG emissions. The emission
sources are the industrial production processes in which raw materials are chemically or
physically transformed. In this transformation, many different GHGs can be released, such
as CO,, CHa, N2O, and PFCs. Some industrial sources also produce NOy, NMVOCs, CO,
and SO..

Some fluorinated compounds (Hydro-fluorocarbons (HFCs), Perfluorocarbons (PFCs), and
Sulphur Hexafluoride (SFe)) are consumed in industrial processes or used in different
applications as substitutes for ozone depleting substances (ODS). They have also been
considered in the inventory.

Further, this sector comprises emissions from other product manufacture and use. An
evaporative emissions of nitrous oxide (N2O) can arise from various types of product use.
Medical applications and use as a propellant in aerosol products, primarily in food industry
are likely to be dominant sources.

Due to the intertwined nature of procedures in the industry and the characteristics of the
individual reported units, it is in some cases difficult to distinguish if certain emissions
originate from the consumption of fuels for energy purposes or from the consumption of raw
materials in the industrial processes. The main criterion is the purpose for which a raw
material or fuel is used.

An overview of the methods and EFs used as well as an indication whether a category is a
key are presented in the Table 4.1.1.
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Table 4.1.1: Method, EF used and key categories indications for the year 2018 in the IPPU sector.

use

CO2
Method | EF Key category
A. Mineral industry 1. Cement production T3 PS L
2. Lime production T3 PS T
3. Glass production T3 D -
4. Other process uses of
carbonates 12 P )
B. Chemical industry 6. Titanium dioxide production T3 D -
C. Metal industry 1. Iron and steel production T2 PS -
3. Aluminium production T2 D, PS LT
5. Lead production T1 D -
6. Zinc production T1 D -
7. Other T2 D -
D. Non-energy products from fuels... | 1. Lubricant use M M -
2. Paraffin wax use T1 D -
3. Other M M -
N20
Method | EF Key category
G. Other product manufacture and 3. N20 from product use b b T
use
HFC
Method | EF Key category
F. Product uses as substitutes for ODS | 1. Refrigeration and AC T2 CS,D LT
2. Foam blowing agents T2 CS,D -
3. Fire protection T2 CsS,D -
4. Aerosols T1 D -
PFC
Method | EF Key category
C. Metal industry 3. Aluminium production T3 D, PS T
SF6
Method | EF Key category
G. Other product manufacture and 1. Electrical equipment - cs )

The emissions from Industrial processes and product use (CRF sector 2) in Slovenia account
for 6.8% of the total national GHG emissions, excluding LULUCF. They amounted to 1,408
kt CO: equivalents in 1986 and 1,187 kt CO: equivalents in 2018. The main source of
emissions is mineral industry with 45.6% of emissions, followed by consumption of F-gases
(product uses as substitutes for ODS) with 24.7% and metal industry with 18.3%. Significantly
smaller are the contributions from chemical industry (4.9%) and from other product
manufacture and use (3.7%), while use of non-energy products from fuels and solvent
contributes 2.7% to the total emissions from this sector.
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The main source of emissions from industrial processes and product use sector is cement
industry, which is responsible for 37.9% of the GHG emissions from this sector Due to the
global financial crises and lower industrial production, emissions in 2009 were 28.2% below
the 1986 emissions but in the period 2010 — 2018 slowly increased by 17.4%. The process
emissions of GHG (in kt CO; eq.) for 1986-2018 are shown in Figure 4.1.1.
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Figure 4.1.1: Process emissions of GHG from different types of industries and product use.
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4.2 MINERAL INDUSTRY (CRF 2.A)

4.2.1 Cement Production (CRF 2.A.1)

4.2.1.1 Category descriptions

Carbon dioxide emissions arising in the production of cement are a major industrial process
source of emissions of greenhouse gases.

The basic raw material for the production of cement is marl, which is a homogeneous mixture
of limestone and clay and which was formed in the past geological periods through
sedimentation. As there is no longer enough natural marl for a mass production, a cement
production mix, which must contain 75-78% of calcium carbonate (CaCOs), is prepared by
mixing limestone and clay components: from such with 35% of CaCOs to limestone with more
than 95% of CaCOs. The limestone, which is a source of CaO, normally has an admixture of
dolomite, which introduces MgO into the system. The clay components are bearers of SiO»,
AlO3 and Fe;Os. Blast furnace slag, silica sand, bauxite, and gypsum are added to the
homogenized mix during grinding.

Raw meal powder is fed into the cement kiln through a heat exchange unit. Natural gas, fuel
oil, petroleum coke, coal dust, waste oils, and tyres are used as fuels in the clinker calcination
process.

Carbon dioxide emissions from cement production result from the conversion of CaCOs, the
main constituent of limestone, to lime (Ca0O), while CO; as a by-product is let out into the
atmosphere.

4.2.1.2 Methodological issues

CARBON DIOXIDE EMISSIONS

Separate emissions are estimated from carbon originally present in the fuel and carbon
present in the raw materials, although they are in fact emitted at the same place and are
inseparable in concept. CO, from carbon in the fuel has been estimated from the fuel
consumption for each fuel type. Emissions of this kind have already been included in the
sector Manufacturing Industries and Construction (CRF code: 1A2).

CO. emissions from carbon present in the raw materials is reported under category Cement
Production (CRF code: 2A1) and described in the following paragraph. In Slovenia, there
have been two cement producers until 2015. In the year 2018 only one cement plant has
been in operation. The activity data are data on the annual amount of clinker produced. The
clinker production data have been obtained from the Statistical Office of the Republic of
Slovenia (SORS) for the period 1986-1998, and directly from the two plants producing
cement for the period 1999-2004. The activity data on clinker produced in the period 2005-
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2018 have been obtained from these cement plants in the scope of GHG Emission Trading
System (ETS) delivered in verified reports.

For national allocation plan purposes linked to the ETS more detailed data have been
obtained for the period 1999-2004. The data on the fraction of CaO and MgO in clinker from
both cement plants for the period 1999-2004 enabled us to determine our own emission
factor. The average implied emission factor for the period 1999-2004 is 528 kg CO./t of
clinker. As the location of quarries is the same as in the base year, we have applied this
emission factor for calculating emissions from the base year 1986 to 1998. For calculating
emissions for the years 1999-2004, we have used year-specific EFs obtained from these
two plants. For the period 2005-2018 we have obtained plants data on CaO and MgO
composition of clinker and EFs from verified ETS reports. Country specific EFs from these
reports have been used to calculate CO; emissions using IPCC methodology. In the year
2018 only one plant has been in operation.

EFs from both periods before and after 2005 are based on plant specific production
conditions. There have been two producers of cement in Slovenia and the data for both
periods were obtained from these two cement plants. The same sources of raw material and
methodology were used for calculation of EFs both before and after 2005. Detailed data on
EFs is presented in Table 4.2.1. Inter-annual variations of EFs are due to a different annual
ratio of CaO and MgO in clinker.

Table 4.2.1: Emission factors used for calculation emissions from cement production.

Year Implied emission factor (t CO2/t of clinker)
Producer 1 Producer 2 TOTAL
1986 - 1998 0.528
1999 0.520 0.544 0.528
2000 0.518 0.544 0.528
2001 0.518 0.544 0.528
2002 0.518 0.544 0.527
2003 0.519 0.544 0.529
2004 0.517 0.541 0.527
2005 0.518 0.542 0.528
2006 0.517 0.539 0.526
2007 0.517 0.545 0.528
2008 0.518 0.545 0.527
2009 0.517 0.549 0.526
2010 0.516 0.549 0.526
2011 0.517 0.531 0.519
2012 0.520 0.547 0.522
2013 0.518 0.547 0.526
2014 0.512 0.546 0.518
2015 0.514 0.547 0.515
2016 0.515 - 0.515
2017 0.515 - 0.515
2018 0.515 0.515
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Cement kiln dust (CKD) is not included in the emission calculation as in both cement plants
CKD is returned into the process. A group of experts had visited both cement plants in the
process of acquisition of the permits for greenhouse gas emissions and accompanied
monitoring plans. Together with experts from the plants they defined a method for calculation
of CO2 emissions. It is in accordance with methods from Guidelines for the monitoring and
reporting. For both plants it was confirmed that CKD is 100% returned to the process. This
is also evident from plant specific monitoring plan which has been issued by the competent
authority.

To calculate emissions from cement production after 2005 we have been using data obtained
by ETS. The data on clinker production and plant specific emission factors for both cement
factories have been annually verified by independent verifiers. The expert review team (ERT)
recommended showing that the estimated CO; process emissions from cement production
are comparable and consistent with the emissions reported under the ETS. ETS reports
cannot be publicly revealed due to the sensitivity of the information. All documentation is
available for internal communication with ERT only. However, the total emissions from
cement production, that is sum of process emissions and emissions from fuel combustion,
reported under the ETS, are publicly available on the web site of Environment Agency of the
Republic of Slovenia.

https://www.gov.si/assets/organi-v-sestavilARSO/Podnebne-spremembe/Porocilo-o-
izpolnitvi-obveznosti-za-leto-2018.pdf

The annual amount of clinker produced and CO- emissions arising from cement production
are shown in Figures 4.2.1 and 4.2.2.
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Figure 4.2.1: Clinker production in kilotons/year.
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Figure 4.2.2: CO; emissions from cement production.

4.2.1.3 Uncertainties and time-series consistency

The uncertainty estimates are based on an expert judgement.
The uncertainty of the activity data amounts to 10%.
The uncertainty of the emission factor amounts to 10%.

4.2.1.4 Category-specific QA/QC and verification

QC procedures for the two plants data collected under the ETS have been performed. In the
year 2018 only one cement factory has been in operation. The amount of clinker produced,
composition of clinker and calculated EFs for the whole period have been thoroughly
examined. The activity data on clinker production obtained from verified ETS reports were
cross checked through a direct communication with plant representatives. We also compared
data on cement production and clinker production. The clinker production does not entirely
track cement production due to additional clinker imports. Cement has been produced not
only from domestically produced clinker but also from imported clinker.

4.2.1.5 Category-specific recalculations

No recalculations have been performed since last submission.

4.2.1.6 Category-specific improvements

No improvements are planned for next submission.
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4.2.2 Lime Production (CRF 2.A.2)

4.2.2.1 Category descriptions
CO; emissions from the production of lime are reported under Lime Production (CRF Code:
2A2). In Slovenia, there have been three lime producers until 2013. One of the lime plants
had been closed down in the end of 2012. In the year 2018 therefore only two lime plants
have been in operation.

Lime is generated by heating the input raw material (limestone and dolomite) to a high
temperature (900°C-1200°C). During this process, limestone is converted into CaO and
emits CO..

4.2.2.2 Methodological issues
CARBON DIOXIDE EMISSIONS

The estimation of CO, emissions for the period 2005-2018 have been based on the data
provided by the lime plants in the scope of ETS scheme delivered in verified ETS reports.
The amount of CaO and MgO in the lime produced or the amount of carbonates from the raw
material were used as an activity data for the emission calculations. The emission factors
used for emission calculation are based on stoichiometric ratio of CO, and CaO, CO, and
MgO or CO, and CaCO:..

An annual implied emission factor was then calculated from the total CO, emissions for all
plants, and the total amount of lime produced in these plants. A detailed description of the
emissions calculation is presented in the following paragraph. The data used for the emission
calculations are shown in the Tables 4.2.2-4.2.5. One of the lime plants (producer 3) had
been closed down in the end of 2012 (Table 4.2.4).

The monitoring and reporting guidelines for EU ETS installations were adopted in the
Commission decision 2004/156/EC. Activity-specific guidelines for installations for the
production of lime are in Annex VIII.
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32004D0156

On installation level, calcination CO; can be calculated in two ways:

(1) based on the amount of carbonates from the raw material (mainly limestone, dolomite)
converted in the process (calculation method A),

(2) based on the amount of alkali oxides in the lime produced (calculation method B). The
two approaches are considered to be equivalent.

Producer 1 and producer 2 have chosen the calculation method B, while producer 3 had
chosen calculation method A. The annual implied emission factor (IEF) was then derived
from the total emissions from all plants and the activity data on annual production of quicklime
in these lime plants (Table 4.2.5).
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Table 4.2.2: Lime production emissions from producer 1.

Year Cao (t) MgO (t) EF (t CO2/t Ca0) EF (t CO2/t MgO) Emissions CO: (t)
2005 87142 1597 0.785 1.092 70150
2006 105200 1885 0.785 1.092 84641
2007 94178 1291 0.785 1.092 75340
2008 90633 1393 0.785 1.092 72668
2009 65411 1257 0.785 1.092 52721
2010 87423 1463 0.785 1.092 70225
2011 80298 6471 0.785 1.092 70101
2012 55425 5456 0.785 1.092 49467
2013 53670 4065 0.785 1.092 46570
2014 52889 3063 0.785 1.092 44863
2015 52419 5201 0.785 1.092 46828
2016 51421 4318 0.785 1.092 45081
2017 51539 4175 0.785 1.092 45017
2018 51714 4345 0.785 1.092 45340

Table 4.2.3: Lime production emissions from producer 2.

Year CaO (t) MgO (t) EF (t CO2/t CaO) EF (t CO2/t MgO) Emissions CO (t)
2005 13869 249 0.785 1.092 11159
2006 13788 228 0.785 1.092 11072
2007 17222 332 0.785 1.092 13882
2008 9256 215 0.785 1.092 7500
2009 8733 213 0.785 1.092 7089
2010 11504 333 0.785 1.092 9394
2011 12230 291 0.785 1.092 9918
2012 15737 343 0.785 1.092 12729
2013 14781 322 0.785 1.092 11955
2014 14073 316 0.785 1.092 11393
2015 16281 360 0.785 1.092 13173
2016 19167 425 0.785 1.092 15509
2017 16558 367 0.785 1.092 13398
2018 19610 433 0.785 1.092 15867

Table 4.2.4: Lime production emissions from producer 3.

Year CaCoOs (t) EF (t CO2/t CaCOs) | Emissions CO2 (t)
2005 90993 0.43971 40037
2006 88068 0.43971 38750
2007 77738 0.43971 34205
2008 67816 0.43971 29839
2009 25432 0.43971 11190
2010 24156 0.43971 10629
2011 24355 0.43971 10716
2012 26831 0.43971 11806
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Table 4.2.5: Total CO, emissions of all three producers, total lime production and calculated
implied emission factor for the last few years.

Year 2005 2010 2012 2014 2015 2016 2017 2018

Lime Produced (t) 165125 | 125117 | 99528 76019 79507 80060 77591 81214

Total emissions CO2 (t) | 121346 | 90248 74001 56256 60001 60591 58415 61207

Implied emission factor

(kg CO/t of lime) 735 721 743 740 755 757 753 754

CO; emissions for the period 1986-2004 have been calculated using the average implied
emission factor for the period 2005-2012 and data on annual production of lime obtained
from SORS. The average emission factor for the period 2005-2012 is 728 kg CO /t of lime.
Data on implied emissions factors is presented in Table 4.2.6.

Table 4.2.6: Emission factors used for calculation emissions from lime production.

Implied emission factor
Year .
(t CO2/t of lime)
1986-2004 0.728
2005 0.735
2006 0.726
2007 0.724
2008 0.723
2009 0.725
2010 0.721
2011 0.730
2012 0.743
2013 0.736
2014 0.740
2015 0.755
2016 0.757
2017 0.753
2018 0.754
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Figure 4.2.3: Lime production in kilotons/year.

132



SLOVENIA'S NATIONAL INVENTORY REPORT 2020

The limestone used for lime production contains mostly CaCOs. In the limestone there is also
a small amount of dolomite, which, in addition to CaCOs, consists also of MgCOs. A high-
calcium lime is the main type of lime. Quicklime and hydrated lime are the main types of lime
produced in Slovenia. The lime kiln dust (LKD) is included in the final amount of the lime
produced and therefore included in the calculation of the CO, emissions.

Annual amount of lime produced and CO, emissions arising from the lime production are
shown in Figures 4.2.3 and 4.2.4.
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Figure 4.2.4: CO, emissions from lime production.

4.2.2.3 Uncertainties and time-series consistency

The uncertainty estimates are based on expert judgement.
The uncertainty of the activity data amounts to 15%.
The uncertainty of the emission factor amounts to 5%.

4.2.2.4 Category-specific QA/QC and verification

QC procedures for the three lime plants data collected under the ETS have been performed.
In the year 2018 therefore only two lime plants have been in operation. The amount of lime
produced and the composition of lime and the raw material have been thoroughly examined.
The methodology of emission calculation was checked. To calculate emissions from lime
production after 2005 we have been using the data obtained by ETS. These data have been
annually verified by independent verifiers.

Thorough examination of the activity data and emission factors were performed also for the

data before entering the ETS scheme. Time series consistency was assured since the same
lime plants with the same raw material were taken into account in both periods. To ensure
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the completeness of activity data by including also emissions from other industries we have
performed thorough examination of all potential sources. We checked all data collected by
SORS. We also performed personal communication with persons involved in environmental
permit issues. No other lime production activity was identified.

4.2.2.5 Category-specific recalculations

No recalculations have been performed since last submission.

4.2.2.6 Category-specific planned improvements

No improvements are planned for the next submission.

4.2.3 Glass Production (CRF 2.A.3)

4.2.3.1 Category description

This chapter comprises CO, emissions from glass manufacturing and from the production of
glass wool, where the production process is similar to glass making. The emissions are
reported under Glass Production (CRF Code: 2A3). There are five glass and glass wool
producers in Slovenia.

CO; is emitted during the melting process of glass raw materials. The calcination of
carbonates at high temperatures yields CO,. Major raw materials in the glass production
which emit CO, during the melting process are limestone, dolomite and soda ash.

4.2.3.2 Methodological issues

CO; emissions from glass production for the period 1999-2018 have been calculated taking
into account the consumption of all carbonates in the glass production. The data on the
carbonate use in the glass production have been obtained from glass producers. The amount
of all carbonates used in the glass production is included in this sector. Those carbonates
are: limestone (CaCOs), magnesium carbonate (MgCOs), soda ash (Na.COs), potash
(K2COs3) and barium carbonate (BaCOs3).
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Figure 4.2.5: CO; emissions from glass production.

Default 2006 IPCC emission factors have been used for the calculation of CO, emissions
from calcium carbonate, magnesium carbonate and sodium carbonate (Chapter 2: Mineral
Industry Emissions, Table 2.1, pg. 2.7). They are 0.43971 t CO»/t calcium carbonate, 0.52197
t CO/t magnesium carbonate and 0.41492 t CO./t sodium carbonate.

The emission factors for potassium carbonate and barium carbonate are based on
stoichiometric ratio of CO2 and K,CO3 and CO; and BaCOs. They are 0.318 t CO,/t potassium
carbonate and 0.223 t CO»/t barium carbonate.

The calculation of CO; emissions from the glass production for the period 1986-1998 has
been performed in another way due to a lack of data on carbonate consumption. The average
implied emission factor for the years 1999-2013 has been multiplied with the annual glass

production data. The data on glass production have been obtained from glass producers.

CO; emissions arising from glass production for the whole period are shown in Figure 4.2.5.

4.2.3.3 Uncertainties and time-series consistency

The uncertainty estimates are based on expert judgement.
The uncertainty of the activity data amounts to 20%.
The uncertainty of the emission factor amounts to 10%.

4.2.3.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3.
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4.2.3.5 Category-specific recalculations

No recalculations were performed since the last submission.

4.2.3.6 Category-specific planned improvements

No improvements are planned for the next submission.

4.2.4 Other Process Uses of Carbonates

4.2.4.1 Category description
Carbonates are used in many industries. During heating to a high temperature, carbonates
convert to oxides, emitting CO,. Most limestone and dolomite are thus consumed in the
production of cement and lime, as described above. Along with other carbonates, they are
also used in the other production of mineral products.

This sector comprises use of carbonates in Ceramics (CRF code: 2A4a), Other Uses of Soda
Ash (CRF Code: 2A4b) and Other (CRF Code: 2A4d). CRF Code: 2A4d, Other comprises
emissions from mineral wool production.

4.2.4.2 Methodological issues

Ceramics

Ceramics include the production of bricks and roof tiles, household ceramics, sanitary ware
and technical ceramics. Process related CO, emissions from ceramics result from the
calcination of carbonates in the clay, as well as the addition of carbonate additives.

CO; emissions for the period 2005-2018 have been calculated from the use of CaCOs,
MgCOsz and BaCOs in ceramics production. The data on carbonates used have been
obtained from verified ETS reports. Default 2006 IPCC emission factors have been used for
the calculation of CO, emissions from calcium carbonate and magnesium carbonate. They
are 0.43971 t COg/t calcium carbonate and 0.52197 t CO,/t magnesium carbonate. The
emission factor for barium carbonate based on stoichiometric ratio of CO, and BaCOa. It is
0.223 t CO2/t barium carbonate.

CO. emissions for the period 1995-2004 have been estimated in another way due to a lack
of data on carbonate consumption. There are no detailed data on the use of carbonates
before entering the ETS scheme. An estimation of emissions based on parameter “Gross
value added - glass, pottery and buildings materials industry, Bio Euro (EC95)” obtained from
SORS. The data for 2005 were used as a reference year.

136



SLOVENIA'S NATIONAL INVENTORY REPORT 2020

Estimated emission for 1995 was applied for the period 1986-1994 as well due to a lack of
data on carbonate consumption and statistical parameter which was used for the emission
estimation for the period 1995-2004.

Other Uses of Soda Ash

Soda ash is used as a raw material in humerous industrial processes: production of glass,
soap and detergent, production of paper, chemicals and other common consumer products.
This sector comprises all uses of soda ash except use in the glass production. Use of soda
ash in the glass production is reported in sector Glass Production (CRF Code: 2A3).

CO; emissions for the period 1986-2018 have been calculated from the difference in the
amount of total soda ash consumed and soda ash consumed in the glass production. The
data on the total consumption of soda ash for the period 1986-1997 was obtained from
SORS. Later on those data were not available anymore. The consumption of the total soda
ash for the period 1998-2018 was calculated from the data on import and export published
by SORS as well. The use of soda ash in glass production has been subtracted. The default
emission factor from 2006 IPCC GL has been used for the calculation of CO, emissions for
the whole period (0.41492 t CO./t Na,COs3).

Other

This sector comprises CO2 emissions arising from mineral wool production. Dolomite is used
as a raw material in mineral wool production. The activity data have been obtained from the
producer of mineral wool used for insulation purposes. The default 2006 IPCC emission
factor 0.47732 t CO,/t dolomite has been used for the whole period 1986-2018.
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Figure 4.2.6: CO; emissions from other process uses of carbonates.

Figure 4.2.6 shows CO; emissions from ceramics, other uses of soda ash and mineral wool
production.
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4.2.4.3 Uncertainties and time-series consistency

The uncertainty estimates are based on an expert judgement.
The uncertainty of the activity data amounts to 10%.
The uncertainty of the emission factor amounts to 10%.

4.2.4.4 Category-specific QA/QC and verification

We carried out a survey to determine that all carbonates use in the country was accounted
for. We approached Tax administration of the Republic of Slovenia and The Agency of the
Republic of Slovenia for Public Legal Records and Related Services to examine other
potential carbonate users. No new sources were found. Completeness in emission
estimation was confirmed.

4.2.4.5 Category-specific recalculations

No recalculations were performed since the last submission.

4.2.4.6 Category-specific planned improvements

Considering UNFCCC ERT recommendation we will try to estimate CO; emissions from
ceramics for the period 1990-1994 in another way as they are estimated in present
submission.
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4.3 CHEMICAL INDUSTRY (CRF 2.B)

4.3.1 Nitric Acid Production (CRF 2.B.2)

4.3.1.1 Category description

The production of nitric acid (HNOs) generates nitrous oxide (N2O) as a by-product of the
high temperature catalytic oxidation of ammonia (NH3). N2O emissions from nitric acid
production are reported under Nitric Acid Production (CRF code: 2B2).

4.3.1.2 Methodological issues

Nitric acid production existed in Slovenia in the period 1997-2005. Since 2006 there is no
production of nitric acid in Slovenia. No emissions of N>.O have originated from this sector
since 2006. N.O emissions have been calculated from the amount of nitric acid produced.
Nitric acid production data was obtained from SORS. Following the ERT recommendations
an examination of the emission factor used was performed. We used 2006 IPCC emission
factor for the emission calculations. The emission factor of 7 kg N.O/ton nitric acid was used
since the production based on medium pressure combustion process.

4.3.1.3 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3.

4.3.1.4 Uncertainties and time-series consistency

The uncertainty estimates are based on an expert judgement.
The uncertainty of the activity data amounts to 10%.
The uncertainty of the emission factor amounts to 10%.

4.3.1.5 Category-specific recalculations

No recalculations were performed since the last submission.

4.3.1.6 Category-specific planned improvements

No improvement is planned for this category.
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4.3.2 Carbide Production (CRF 2.B.5)

4.3.2.1 Category description

The greenhouse gas emissions are associated with a production of silicon carbide (SiC) and
calcium carbide (CaC;). The production of carbide can result in emissions of carbon dioxide
(CO) and methane (CHa). Silicon carbide is a significant artificial abrasive. It is produced
from silica sand or quartz and petroleum coke. Calcium carbide is made from two carbon-
containing raw materials: calcium carbonate and petroleum coke. It is mostly used as a
reductant in electric arc steel furnaces.

There had been only one carbide producer in Slovenia. This factory was closed down in the
first quarter of 2008. The production of calcium carbide was discontinued in 2008, while the

production of silicon carbide had been discontinued as early as in 1995. CO, and CH4
emissions from carbide production are reported under Carbide Production (CRF code: 2B5).

4.3.2.2 Methodological issues

Silicon carbide production

Silicon carbide (SiC) is produced from silicon dioxide and petroleum coke. Petroleum coke
is used as a source of carbon. CO: is released as a by-product. CO, emissions had been
estimated for the period 1986-1994. From 1995 onwards there has been no production of
silicon carbide in Slovenia. CO, emissions had been calculated from the amount of petroleum
coke consumed. The data on the consumption of petrol coke was provided by the factory.
The 2006 IPCC emission factor of 2.3 t CO./t petroleum coke had been used for the CO;
emission calculations.

The petroleum coke used in the process may contain volatile compounds which will form
methane. CH,4 emissions had been calculated from the amount of petroleum coke consumed
obtained from the producer. The 2006 IPCC emission factor of 10.2 kg CH./t petroleum coke
had been used for the CH4 emission calculations.

Calcium carbide production

Calcium carbide (CaC;) is produced by heating calcium carbonate and subsequently
reducing CaO with carbon (petroleum coke). Both steps lead to emissions of CO,. In
Slovenia, calcium carbide was not produced from limestone but from lime, hence CO
emissions arose only in the reduction with carbon.

CO. emissions had been estimated for the period 1986-2008. Since the only carbide factory
had been closed down in 2008, there was no production of calcium carbide from this year
onwards. CO; emissions had been calculated from amount of calcium carbide produced. The
data on CaC; production was obtained from the carbide producer. The 2006 IPCC emission
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factor of 1.09 t COy/t calcium carbide produced had been used for the CO, emission
calculations.

To avoid double counting of CO;, emissions all the quantities of petroleum coke used in
calcium carbide production were subtracted from the energy sector.

4.3.2.3 Uncertainties and time-series consistency
The uncertainty estimates are based on an expert judgement.

The uncertainty of the activity data amounts to 10%.
The uncertainty of the emission factors amounts to 10%.

4.3.2.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3.

4.3.2.5 Category-specific recalculations

No recalculations were performed since the last submission.

4.3.2.6 Category-specific planned improvements

No improvements are planned for this category.

4.3.3 Titanium dioxide production (CRF 2.B.6)

4.3.3.1 Category description

Titanium dioxide (TiOy) is one of the most commonly used white pigments. The main use is
in paint manufacture followed by paper, plastics, rubber, ceramics, fabrics, floor covering,
printing ink, and other miscellaneous uses. In Slovenia there is one producer of TiO,. The
production of TiO; is based on the sulphate route process. The CO, emissions from titanium
dioxide production are reported under Titanium Dioxide Production (CRF code: 2B6).

4.3.3.2 Methodological issues

According to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories sulphate
route process does not give rise to the process greenhouse gas emissions. But in the
manufacturing of TiO- limestone has been used for neutralization of sulphuric acid used in
sulphate process. The use of limestone is a source of CO; emissions.
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CO; emissions have been estimated for the period 1986-2018. The CO, emissions have
been calculated from the amount of calcium carbonate consumed. The data on the
consumption of CaCOs3; has been provided by the producer. The 2006 IPCC emission factor
of 0.43971 t CO./t of calcium carbonate has been used for the CO, emission calculations for
the whole period (Figure 4.3.1).
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Figure 4.3.1: CO; emissions from titanium dioxide production.

4.3.3.3 Uncertainties and time-series consistency

The uncertainty estimates are based on an expert judgement.
The uncertainty of the activity data amounts to 20%.
The uncertainty of the emission factor amounts to 10%.

4.3.3.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3.

4.3.3.5 Category-specific recalculations

No recalculations were performed since the last submission.

4.3.3.6 Category-specific planned improvements

No improvements are planned for this category.
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4.3.4 Petrochemical and carbon black production (CRF 2.B.8)

4.3.4.1 Category description

This category includes emissions arising from production of petrochemicals (methanol,
ethylene and propylene, ethylene dichloride, ethylene oxide, acrylonitrile). The petrochemical
industry uses fossil fuels (e.g., natural gas) or petroleum refinery products (e.g., naphtha) as
feedstock. In Slovenia, there was only production of methanol. There is no other production
of other petrochemicals in the country. CHs and CO, emissions from methanol production
are reported under subcategory Methanol (CRF code: 2B8a).

4.3.4.2 Methodological issues

CH4 and CO; emissions had been estimated for the period 1986-1991 and 1994-2010. For
the years 1992, 1993 and from 2010 onwards there was no production of methanol in
Slovenia. CHs and CO; emissions had been calculated from the amount of methanol
produced. The production data of methanol had been obtained from SORS. The 2006 IPCC
emission factors of 2.3 kg CH4/t methanol produced and 0.267 t CO»/t methanol produced
had been used for the emissions calculations.

4.3.4.3 Uncertainties and time-series consistency

The uncertainty estimates are based on an expert judgement.
The uncertainty of the activity data amounts to 30%.
The uncertainty of the emission factors amounts to 10%.

4.3.4.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3.

4.3.4.5 Category-specific recalculations

No recalculations were performed since the last submission.

4.3.4.6 Category-specific planned improvements

No improvements are planned for this category.
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4.3.5 Other - Hydrogen production (CRF 2.B.10)

4.3.5.1 Category description

This category includes emissions arising from production of hydrogen by the steam reforming
of natural gas. During this process, CO; is produced and capture with 70% efficiency and
then sold to the other users. However, this CO; is considered to be released somewhere
else within the country in the same year and therefore they are included in the inventory.

4.3.5.2 Methodological issues

Data on non-energy use of natural gas have been obtained from SORS. In addition to amount
use for hydrogen production, very small amount was used also for production of organic
chemical and some other productions. Due to completeness reason emissions from these
source have been also included in this category.

CO- emissions are calculated using the same data on NCV and CO; EF as in energy sector.

4.3.5.3 Uncertainties and time-series consistency

The uncertainty estimates are based on an expert judgement.
The uncertainty of the activity data amounts to 5%.
The uncertainty of the emission factors amounts to 2.5%.

4.3.5.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3.

4.3.5.5 Category-specific recalculations

No recalculations were performed since the last submission.

4.3.5.6 Category-specific planned improvements

No improvements are planned for this category.
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4.4 METAL PRODUCTION (CRF 2.C)

4.4.1 Iron and Steel Production (CRF 2.C.1)

4.4.1.1 Category description

Iron is produced through the reduction of iron oxide (ore) using metallurgical coke as the
reducing agent in a blast furnace. Steel is subsequently made from iron and scrap in other
furnaces.

In the production of iron CO, emissions are associated with the use of carbon to convert iron
ore to iron. Carbon is supplied to the blast furnace mainly in the form of coke. Carbon serves
a dual purpose in the iron making process, primarily as a reducing agent to convert iron
oxides to iron, but also as an energy source to provide heat when carbon and oxygen react
exothermically. The process emissions of carbon dioxide in the production of iron take place
as a result of coke oxidation.
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Figure 4.4.1: Production of steel in ton/year.

The production of steel is a multiphase process and some phases give rise to emissions of
CO.. Most emissions occur in smelting iron scrap in electric arc furnace (EAF). The furnace
is first filled with steel scrap then limestone and/or dolomite are added to allow the slag to
form. The furnace utilizes electric heating through graphite electrodes. For an increased
productivity in the initial phase of melting, oxygen lances and a carbon injection system are
used. From a metallurgical point of view, oxygen is used to reduce the carbon content in the
molten metal and for removing other undesired elements. Decarburising is performed also in
secondary phases in a ladle furnace. During steel production, the CO, emissions take place
as a result of graphite electrode consumption in the EAF. CO, emissions originate also in
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consumption of limestone and dolomite and carbon containing additives. In Slovenia, there
are three steel production plants.

In accordance with 2018 UNFCCC ERT recommendation description of production process
of pig iron produced from iron ore was added. Primary production of iron from ore existed
only in the 1986 and 1987. Pig iron was produced in blast furnaces directly from iron ore and
coke. No other production steps were included in pig iron production process. Pig iron (hot
metal) was produced from pre-treated ore in ordinary blast furnace. Coke was the only
reducing agent. Blast furnace cowpers provided hot blast for the blast furnace operation. Iron
ore was transported from other parts of our former common state Yugoslavia. Also coke used
for reduction of ore was delivered from former Yugoslavian republics in that period. CH,4
emissions from pig iron production were not calculated since 2006 IPCC Guidelines do not
provide CH. emission factor for this type of production process.

CO; emissions from iron and steel production are reported under Iron and Steel Production
(CRF code: 2C1). Annual amount of steel produced is shown in Figure 4.4.1.

4.4.1.2 Methodological issues

CO; emissions from iron production were calculated for the years 1986 and 1987. CO;
emissions had been calculated from the amount of pig iron produced. The production data
were obtained from the producers. The emission factor used for emission calculation was
calculated from carbon content data obtained from the 2006 IPCC Guidelines. The emission
factor applied was 0.146 t CO>/t pig iron produced.

The CO; emissions from steel production for the period 2005-2018 have been calculated
from the amount and carbon content of input and output materials. In our case, the input
materials were mostly graphite electrodes, coke, carburizing agents, scrap iron and steel,
metal and non-metal additions, limestone and dolomite. The output material is the amount of
steel produced. An individual data for all three steel producers have been obtained from the
verified ETS reports. Figure 4.4.2 shows CO; emissions contributed by the different input
materials and steel produced for 2005-2018.

The calculation of CO, emissions from steel production for the period 1988-2004 has been
performed in another way due to a lack of precise data on the amount and carbon content of
the input materials. We calculated an average implied emission factor for the years 2005-
2013. This emission factor was then multiplied with the annual steel production data. This
emission factor was not appropriate for the base year because of a different type of steel
production (from ore). The data on steel production have been obtained from the producers.

In the period 1986—1987 production of pig iron from ore still occurred. The disaggregation
into the consumption of fuel as an additive and the consumption of fuel as an energy product
was impossible. Consequently, for these two years a decision was made to attribute all coke,
which is consumed in the production of iron and steel, to the energy sector as fuel
consumption. When this production was discontinued and a new electric arc furnace started
production in 1988, the only source of process emissions in this category was the production
of steel from scrap iron in the EAF. We assumed that the energy source in this type of industry
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is only electricity and the emissions from coke and other material are all process emissions.
The consequence is that all coke consumption for the years 1986-1987 is allocated to the
energy sector, whereas for the period 1988 - 2018 all coke consumption is included in the
industrial processes sector. The CO; emissions from steel production for the years 1986 and
1987 were therefore calculated from the amount of electrodes consumed only. Coke was not
taken into account for the process emissions calculation for that period. The emission factor
used for the emission calculation was calculated from carbon content data obtained from the
2006 IPCC Guidelines. The emission factor applied was 3.006 t CO,/t carbon electrodes.
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Figure 4.4.2: CO; emissions contributed by different input material in steel production.

4.4.1.3 Uncertainties and time-series consistency

The uncertainty estimates are based on an expert judgement.
The uncertainty of the activity data amounts to 10%.
The uncertainty of the emission factor amounts to 10%.

4.4.1.4 Category-specific QA/QC and verification

This category has been checked by the general QC procedures described in the Chapter
1.2.3.

4.4.1.5 Category-specific recalculations

No recalculations were performed since the last submission.
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4.4.1.6 Category-specific planned improvements

Consideri