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AAVININNS JAILNOIXT



EXECUTIVE SUMMARY

Republic of North Macedonia has an emission inventory reporting obligation towards the Convention
on transboundary air pollution (CLRTAP) and its eight protocols as well as to the international
organizations such as the European environmental agency (EEA). The reporting obligations to the
relevant international organizations and to the Executive body (EB) of the LRTAP convention are set
down in Article 27-d of the Law on ambient air quality (LAAQ)®.

As a party to the UNECE/LRTAP convention and its protocols Republic of North Macedonia is required
to annually report data on emissions of air pollutants covered by the Convention and its protocols.
These are the main pollutants: nitrogen oxides (NOx), sulfur dioxide (SO,), non-methane volatile
organic compounds (NMVOC), ammonia (NHs), persistent organic compounds (POPs) and heavy
metals (HM). To be able to meet the obligations, Republic of North Macedonia compiles annually an
emission inventory and reports the base year emissions (1980, 1987, 1988 and 1990) in accordance
with the protocols’ obligations.

This report is compiled according to the Revised 2014 Reporting guidelines (ECE/EB.AIR.125) under
the UNECE/CLTRAP convention and its protocols, which define the standards for the national emission
inventory?. The country has also used the latest emissions reporting template for this reporting round.

The report contains twelve chapters, two appendixes and referces. The chapter introduction provides
general information on the inventory preparation background, key source analysis, methodology and
data sources used, QA/QC and completeness. The chapter Trend presents trends on different
pollutants and discusses the main reasons for incline and decline of the values. Chapters 4-8 include
detailed information on activity data emission factors used per Nomenclature for reporting (NFR)
source category. This report contains subchapters on source-specific uncertainty analysis, QA/QC,
recalculations and planned improvements. The chapter Projections gives information on the current
situation and planned activities regarding the obligation set down in the current Gothenburg protocol.
Two chapters on reporting LPS and gridded data and adjustment chapter are introduced for the first
time. Sources used for the gathering of the activity data and information are presented in Reference
chapter. The Appendix chapter has two Appendixes; the first one is on Energy balance for 2018 and
the second one on 2018 reported NFR. Key category analysis and Analysis on completeness are
incorporated in the IIR itself. The country uses mostly default emission factors. Summary information
on condensable PM is not provided.

1.1. Summary of the main differences in the inventory since the last
submission

This report contains emissions of the whole time series 1990-2018. The submissions prior to 2004 and
some of the following years included data on emissions of the basic pollutants as the country was not
in position to report for the whole reporting period.

For the preparation of the 2016 and 2017 emission inventory submission and Informative Inventory
Reports (lIRs) in those years, the Ministry of Environment and Physical Planning (MEPP) was supported
by Austrian experts engaged within the framework of the EU funded Twinning Project “Further

1Law on Ambient Air Quality (Official Gazette of RM No. 67/2004, 92/2007, 83/2009, 35/10,47/11, 100/12, 163/13)
2http://www.ceip.at/fileadmin/inhalte/emep/2014 Guidelines/ece.eb.air.125 ADVANCE VERSION reporting guidelines 2013.pdf
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strengthening the capacities for effective implementation of the acquis in the field of air quality” (MK
12 IB EN 01) which was finalized in January 2017. Starting from 2018, the reporting has been
conducted by an established national expert emission inventory team. However, in comparison to the
previous IR, the quality control of the inventory has been improved in general. Additionally, the
inventory has been improved since emissions’ new categories were introduced such as 1.A.4.aii and
5.D.2-Industrial wastewater treatment plants and additionally due to the available revised and activity
data in MAKSTAT data® base, as the population data and data in the energy sector and the industry
sector. In some cases, recalculations were done due to clarification of the type of industrial processes
and the available activity data from the industrial capacities. Additionally, EF from EMEP Guidebook
2019 were introduced in this submission.

1.2. Explanation of significant changes in the emission trends

The report presents trend analysis of the country’s data for the period 1990 — 2018. The evaluation of
the status of the emission trends is based on emission inventories and key source analysis. Generally,
the main reason for reduction of the main pollutants is reduced use of coal for electricity production,
as well as closure of installations or reduced production in the sector industry. Furthermore, emission
reduction is also due to the introduction of BAT in major installations as well as the increase of use of
gas and pellets and decrease of solid fuels in the category 1.A.4.

A decreasing trend is noticed for NOx and SOx emissions starting from 2011. The reduction of NOx is
a result of the modernization of plants and extended working lifetime. Additionally, the reduced
operating hours of the power plant REK Oslomej from 12 to few months per year, and the decrease in
coal consumption including gasification of the heating plant Toplana Zapad has supported the
reduction of NOx. With regards to SO« emissions, the trends vary and depend on the coal consumption
considering that electricity production is the main source for SO emissions. Desulfurization units are
still not in place in this installation, so mainly SOx emissions depend on the content and quantity of
the consumed coal. The decreasing trend of SOx emissions is due to the reduced amount of burnt coal
in REK Bitola and reduced operation of REK Oslomej.

The trend on NMVOC emissions is variable. These emissions are coming from different sectors but
mainly Industry and Other sector, and there is slight reduction and stable trend in the last few years.

The trend of ammonia emissions is constantly decreasing, which is related to decreasing livestock
numbers due to the trend of moving of people from rural to urban areas and implementation of BAT
in the bigger farms.

3 MAKSTAT database - http://makstat.stat.gov.mk/PXWeb/pxweb/en/MakStat/?rxid=46ee0f64-2992-4b45-a2d9-cb4e5f7ec5ef
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Table 1 Emission trends 1990 — 2018 for the main air pollutants and CO

Emission in kt

Year
NOx NMVOC SO; NH: co
1990 45.47 48.21 110.54 15.80 132.46
1991 37.63 42.39 89.54 14.83 111.59
1992 39.46 44.56 86.85 14.94 123.49
1993 40.93 46.55 89.47 15.26 133.33
1994 36.74 41.58 89.03 15.20 120.88
1995 39.29 44.25 95.22 14.99 125.25
1996 38.57 44.00 88.82 13.95 123.20
1997 37.89 45.07 93.07 13.53 126.31
1998 43.18 45.00 107.67 13.23 128.76
1999 40.43 45.86 97.88 13.41 131.78
2000 43.76 48.04 106.28 13.49 144.19
2001 40.76 40.35 108.33 12.74 113.29
2002 40.81 39.44 96.25 12.12 115.13
2003 35.82 39.14 94.89 12.06 116.22
2004 37.14 39.51 96.17 12.16 121.31
2005 39.52 37.86 96.56 11.57 114.75
2006 37.73 39.42 94.19 11.92 117.27
2007 40.54 39.66 99.23 11.57 112.52
2008 36.01 43.47 77.99 11.74 123.24
2009 39.40 44.02 104.53 11.06 132.95
2010 41.35 36.74 86.53 11.30 113.74
2011 43.65 39.17 106.15 11.61 120.25
2012 39.49 34.69 91.56 10.31 89.96
2013 33.37 33.55 82.68 10.33 90.03
2014 20.33 29.30 83.19 10.28 62.00
2015 20.29 29.91 76.79 10.34 64.58
2016 20.84 29.10 64.62 10.41 67.15
2017 19.54 30.07 55.92 10.21 56.66
2018 18.51 28.95 60.95 9.79 56.05
Trend 1990-2018 -59% -40% -45% -38% -58%

The trend of the particulates is variable with inclines and declines due to variable operation of the
installations for ferroalloys production as one of key sources in the national total particulates’
emissions. The contribution from the 1.A.4 Other Sectors (residential heating) has changed due to
introduction of clean fuel, however biomass remains the main fuel used for household heating. The
main reason for the decreasing trend and the reduction of around 70% in total of the particulates in
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2018 compared to 1990, is the reduced production of ferroalloys in the country. The calculated
emissions in 2018 are similar to those in 2017.

Table 2 Emission trends for particulate matter 1990-2018

Emissions
Year
PM10 [kt] PM2.5 [kt] TSP [kt] BC [kt]
1990 48.28 32.70 57.66 3.02
1991 42.34 28.65 50.23 2.63
1992 50.63 34.99 59.34 3.29
1993 45.03 31.33 52.81 2.92
1994 42.62 29.30 50.23 2.66
1995 43.25 29.58 51.17 2.69
1996 47.20 32.45 55.86 3.01
1997 45.86 31.53 53.86 2.86
1998 52.36 35.94 62.10 3.29
1999 45.13 31.16 53.68 2.82
2000 43.62 30.05 54.01 2.72
2001 27.69 18.25 34.08 1.46
2002 28.01 18.72 33.87 1.63
2003 41.87 29.00 49.91 2.60
2004 45.48 31.47 54.51 2.86
2005 41.25 28.03 50.24 2.59
2006 38.84 26.62 46.88 2.43
2007 31.14 20.84 38.14 1.85
2008 34.20 23.88 41.70 2.20
2009 29.49 19.97 37.72 1.71
2010 36.00 23.57 41.17 2.18
2011 42.29 28.53 52.86 2.59
2012 32.77 20.69 42.05 1.85
2013 37.70 24.40 48.74 2.23
2014 26.13 16.65 33.39 1.49
2015 22.26 13.29 25.11 1.32
2016 19.61 11.81 21.81 1.18
2017 13.66 8.60 14.85 0.76
2018 14.27 8.64 15.66 0.77
Trend 1990-2018 -70% -74% -73% -74%

The concentrations of Pb have decreased significantly starting from 2003, mainly as a result of the
closure of the smelter company “Zletovo” — Veles and the use of unleaded gasoline in transportation.

Republic of North Macedonia INFORMATIVE INVENTORY REPORT Page
34



The closure of the smelter company is also manifested in declined emissions of Hg, Cd and PCBs.
Additionally, the reduction of these pollutants emissions have been positively influenced with the
introduction of unleaded petrol and BAT in the installations.

Table 3 Emission trends for heavy metals 1990-2018

Emissions
Year
Cd [Mg] Pb [Mg] Hg [Mg]
1990 1.60 232.48 0.62
1991 1.50 196.68 0.57
1992 1.45 227.56 0.53
1993 1.06 212.76 0.50
1994 1.01 203.76 0.42
1995 2.11 222.26 0.44
1996 2.31 229.64 0.50
1997 1.14 244.66 0.53
1998 1.39 259.95 0.60
1999 1.07 208.29 0.53
2000 0.93 195.45 0.54
2001 0.81 172.34 0.56
2002 0.80 170.77 0.59
2003 0.60 132.00 0.44
2004 0.53 45.74 0.43
2005 0.33 23.52 0.31
2006 0.35 8.61 0.31
2007 0.32 9.18 0.33
2008 0.37 6.51 0.32
2009 0.38 5.91 0.29
2010 0.39 6.23 0.30
2011 0.39 6.95 0.34
2012 0.29 5.29 0.30
2013 0.27 4.18 0.26
2014 0.24 4.54 0.26
2015 0.24 4.50 0.26
2016 0.48 2.64 0.22
2017 0.60 2.47 0.21
2018 0.60 2.59 0.22
Trend 1990-2018 -62% -99% -65%

With regard to PCDD/F and PAHSs the trends are variable, but still decreasing trend can be noticed
from 2011 onwards. The largest source of emissions for these pollutants is the energy sector (mainly
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residential heating) with a share of 73% and 75% respectively. Regarding PCB and HCB we can notice
decreasing trend due to emission reduction coming from the metal production.

Table 4 Emission trends for POPs 1990-2018

Emissions
Year
PCDD/F [g-I1TEQ] PAHs [t] HCB [kg] PCB [kg]
1990 19.82 6.54 44.29 179.33
1991 17.63 5.86 39.22 180.15
1992 17.70 6.27 25.83 178.25
1993 17.29 6.74 24.18 164.21
1994 15.87 6.20 25.04 145.84
1995 18.92 6.33 18.63 159.26
1996 18.73 6.06 19.70 186.03
1997 16.00 6.17 27.89 196.97
1998 17.61 6.69 29.34 202.65
1999 17.18 6.64 53.97 165.29
2000 19.35 7.65 38.32 140.88
2001 16.14 6.11 34.15 129.39
2002 17.08 6.22 52.68 128.61
2003 17.82 6.97 42.98 85.39
2004 17.83 7.13 8.51 38.07
2005 16.52 6.88 7.56 4.22
2006 17.74 7.34 11.70 4.60
2007 16.32 6.75 8.90 4.88
2008 17.90 7.48 7.78 4.44
2009 18.52 7.58 8.32 3.98
2010 19.57 8.17 9.63 4.41
2011 19.53 8.14 10.54 4.79
2012 13.28 5.63 9.47 3.68
2013 12.45 5.38 6.36 3.24
2014 10.66 435 4.18 3.10
2015 11.26 4.74 0.95 9.99
2016 10.19 4,52 0.84 13.63
2017 8.41 3.55 2.19 20.96
2018 8.65 3.77 1.66 29.02
Trend 1990-2018 -56% -42% -96% -84%

The main inconsistency of the trends origin from the Transport sector is due to the use of different
calculation methodology (Tier 1 for the calculation of emissions in the period 1990-2013 and Tier 2 for
the calculation of emissions in the period 2014-2018). A high level of uncertainty brought the used
mileage data per vehicle category, for which there is no detailed scientific research evidence, and the
different categorization over the years of the vehicles in the statistical publications and the MOI
database. This issue is being resolved and eliminated with the introduction of the COPERT V model.
Tier 2 results and COPERT V results for 2014-2016 showed minor differences in the results, but the
emissions calculated with Tier 1, might be overestimated.
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1.3. Priorities for improvement

Due to the fact that emissions from the Transport sector have been calculated using the Tier 2 method
only for the last four years, the major priority is the establishment of Copert V model for calculation
of emissions coming from this sector for the whole reporting period. This is important since the
Transport sector is one of the key sources of CO and NOx national emissions. National experts have
participated in two trainings for use of COPERT V model.

The transport emissions were calculated for the period 2014-2018 for the purpose of GHG inventory
but unfortunately, 2017 and 2018 emission calculations were finalized after the reporting deadline.
These calculations will be reported in the next submission, and if necessary, will be available for the
ERT during the stage 3 review. Therefore, in this submission emissions from transport are calculated
by use of Tier 1 methodology for the period 1990-2013 and Tier 2 for the period 2014-2018. Reporting
only 2014-2016 emissions with COPERT calculations and going back on Tier 2 for 2017-2018 seemed
more complicated for the trend consistency. However, there is methodology inconsistency in this
sector, but we have already applied for Taeix expert mission, to overcome the problem. The
application has been improved by the European commission, but the missions will be carried out at
the end of this year and the beginning of next. The aim of the mission is to acquire the means and
know-how to incorporate COPERT V methodology for at least the period 2005-2018 for which there is
an available car fleet data and possibly apply extrapolation method for the years up to 1990.

The second national priority is the use of Tier 2 in 1.A.4 sector. The combustion in households and
administrative capacities is one of the major emission sources for several pollutants especially for
particulate matter, which in itself is a critical pollutant in the country. However, use of Tier 2 will be
possible after carrying out of the national census planned for 2021. We have discussed a possible
national survey on this issue but still due to financial limitation nothing has been done up to now.

QA/QC procedures are continuously implemented but there is a need of further trainings,
improvement of the implementation of these procedures as well as the use of uncertainty analysis.

1.4. Information on recalculation — main reasons for recalculations

— In the Energy sector, the emissions for the year 2018 (and even several years before) were
recalculated, using final activity data from the energy balance and disaggregated activity data
regarding fuel consumption. This recalculation did not result in some major changes.
Additionally, revised activity data available in the MAKSTAT database were used. EF from GB
2019 were introduced. In Transport sector, recalculations have been made due to the final
energy consumption.

— Inthe Solvent sectors, NFRs were recalculated in some cases up to 2006 in order to improve
the consistency of the time serial and reduce overestimation; additionally, the population
number used as activity data was replaced using revised data from the MAKSTAT database.

— In the Industry sector recalculations were done due to use of Tier 2 method for calculations
of historical emissions and clarification of activity data. In this sector also calculations were
done using available data from installations or revised data in the MAKSTAT database.
Detailed information on the recalculations per category can be found in the sector chapters.
In this sector also GB 2019 emission factors were used.
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— Inthe Waste sector available activities were introduced and updated, while in the Agriculture
sector only minor corrections were introduced in one NFR category. No recalculations were
carried out in 1.B.

1.5. Explanation of differences between reported national totals

National totals are reported for the entire territory. There are no differences in national totals
reported in the NFR tables.

1.6. Clarification of the reason for differences in reported national totals for
the entire territory with NECD reports

As we are not a Member of the European Union, we are not obliged to report emissions under the
EU’s National Emissions Ceiling Directive (NECD). However, the NEC directive 2001/81/EC has been
transposed in the national legislation and national emission ceilings for NOx, NMVOC, SOx and NHj3
have been defined. The new NEC Directive (2016/2284/EU) on the reduction of national emissions of
certain atmospheric pollutants, amending Directive 2003/35/EC and repealing Directive 2001/81/EC
will be transposed in the Law on ambient air quality and sub legislation as part of a technical project,
which is programed in IPA 2 program “Support in implementation of the air quality directives”,
planned to start at the end of 2020. However, on the basis of the regular preparation of the emission
inventory, the gridded data starting from 2017, and the annual IR, it can be ascertained that several
obligations coming from the new NEC directive are already implemented in our by our country.

Republic of North Macedonia INFORMATIVE INVENTORY REPORT Page
38



NOILONAOYLNI



2. INTRODUCTION

2.1. National Inventory background

International commitments

Reporting of emission data to the Executive Body (EB) of the Convention on Long-range Trans-
Boundary Air Pollution (CLRTAP) is required in order to fulfill the obligations referring to the strategies
and policies in compliance with the implementation of Protocols under the Convention. Parties should

use the reporting procedures and are required to submit annual national emissions of SO,, NOy,
NMVOC, CO and NHs, particulate matter (PM), various HM and POPs.

The United Nations, Economic Commission for Europe (UNECE), adopted the LRTAP Convention in
1979. The LRTAP Convention came into force in 1983 and it has been extended by eight specific
protocols. The status of ratification to LRTAP Convention and its Protocols for the Republic of North

Macedonia, is shown below:

— Convention on Long-Range Transboundary Air Pollution (LRTAP) (Geneva, 1979). The
Convention was ratified by means of the Law on Ratification (,,Official Gazette of the SFRY”
No. 11/86). The Convention was taken over by the Republic of North Macedonia by means of
succession with the date of effect of 30.12.1997.

Law on Ratification of the Protocol to the 1979 Convention on Long-Range
Transboundary Air Pollution on long-term financing of the Cooperative Program for
Monitoring and Evaluation of the Long-range Transmission of Air Pollutants in Europe
(EMEP) (“Official Gazette of the Republic of Macedonia” No.24/2010);

Law on Ratification of the Protocol to the 1979 Convention on Long-Range
Transboundary Air Pollution on reduction of sulfur emissions or their transboundary
transmission by at least 30 percentages (“Official Gazette of the Republic of Macedonia”
No.24/2010);

Law on Ratification of the Protocol to the 1979 Convention on Long-Range
Transboundary Air Pollution on the control of nitrogen oxides or their transboundary
fluxes (“Official Gazette of the Republic of Macedonia” No. 24/2010);

Law on Ratification of the Protocol to the 1979 Convention on Long-Range
Transboundary Air Pollution on the control of volatile organic compounds or their
transboundary fluxes (“Official Gazette of the Republic of Macedonia” No. 24/2010);
Law on Ratification of the Protocol to the 1979 Convention on Long-Range
Transboundary Air Pollution concerning further reduction of sulfur emissions (“Official
Gazette of the Republic of Macedonia” No.24/2010).

Law on Ratification of the Protocol to the 1979 Convention on Long-Rang Transboundary
Air Pollution on heavy metals emissions (“Official Gazette of the Republic of Macedonia”
No.135/2010).

Law on Ratification of the Protocol to the 1979 Convention on Long-Rang Transboundary
Air Pollution on persistent organic pollutants (“Official Gazette of the Republic of
Macedonia” No.135/2010).

Law on Ratification of the Protocol to the 1979 Convention on Long-Rang Transboundary
Air Pollution to abate acidification, eutrophication and ground-level ozone (“Official
Gazette of the Republic of Macedonia” No.135/2010).

= Regarding the Gothenburg Protocol, negotiations were ongoing in the period 2011-2014, on the
proposed figures on the base year emission levels (1990 national emissions) and national emission
ceilings (2010 national emissions). The Executive Body of the Convention on its 32nd Meeting,
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decided to accept the last proposed figures for Annex Il of the Gothenburg Protocol and Annex Il
of the Protocol on sulfur of 1994. With the adoption of the proposed amendments to Annex Il of
the Gothenburg Protocol, in September 2014, Republic of North Macedonia became a full Party to
these protocols as well as first Party to the among developed countries. Republic of North
Macedonia will consider ratification of the amendments of the protocol after calculation of
emission reduction commitments which activity is planned to be carried out in the same project.

Status of ratification of the protocols under CLRTAP are presented in the table below.

Table 5 Status of ratification of the protocols under CLRTAP

1979

1984

1985

1988

1991

1994

1998

1998

1999

Tools of UNECE Convention on Long-Range

Transboundary Air Pollution (LRTAP)

Geneva Convention on Long-Range Transboundary
Air Pollution

Geneva Protocol on Long-term Financing of the
Cooperative Programme for Monitoring and
Evaluation of the Long-Range Transmission of Air
Pollutants in Europe (EMEP)

Helsinki Protocol on the Reduction of Sulfur
Emissions or their Transboundary Fluxes by at least
30 per cent

Sofia Protocol concerning the Control of Emissions
of Nitrogen Oxides or their Transboundary Fluxes

Geneva Protocol concerning the Control of
Emissions of Volatile Organic Compounds or their
Transboundary Fluxes

Oslo Protocol on Further Reduction of Sulfur
Emissions

Aarhus Protocol on Heavy Metals

Aarhus Protocol on Heavy Metals,
as amended on 13 December 2012

Aarhus Protocol on Persistent Organic Pollutants
(POPs)

Aarhus Protocol on Persistent Organic Pollutants,
as amended on18 December 20095

Gothenburg Protocol to Abate Acidification,
Eutrophication and Ground-level Ozone

Gothenburg Protocol to Abate Acidification,
Eutrophication and Ground-level Ozone,
as amended on 4 May 20126

Parties

47

25

35

24

29

31

33

31

entered into

force

16.03.1983

28.01.1988

02.09.1987

14.02.1991

29.09.1997

05.08.1998

29.12.2003

23.10.2003

17.05.2005

4https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg no=XXVII-1&chapter=27&clang=_en

Shttp://www.unece.org/fileadmin/DAM/env/Irtap/full%20text/ece.eb.air.104.e.pdf

Shttp://www.unece.org/fileadmin/DAM/env/documents/2013/air/eb/ECE.EB.AIR.114 ENG.pdf
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Signed (S) /
Ratified (R) /
Succession (d) /
Accession (a) by
North Macedonia
30 Dec 1997 (d)4

10 Mar 2010 (a)

10 Mar 2010 (a)

10 Mar 2010 (a)

10 Mar 2010 (a)

5Jun 2014 (a)

1 Nov 2010 (a)

1 Nov 2010 (a)

5Jun 2014 (a)
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In the context of air pollution and Climate Change the Republic of North Macedonia has ratified the
following conventions:

United National Framework Convention on Climate Change (UNFCCC) (New York, 1992). The
Convention was ratified by means of the Law on Ratification (,,Official Gazette of RM” No.
61/97) and entered into force in Republic of North Macedonia on 28.04.1998.

= Kyoto Protocol under the United Nations Framework Convention on Climate Change the
Republic of North Macedonia. The Protocol was ratified by means of the Law on
Ratification (,,Official Gazette of RM” No. 49/04).

Stockholm Convention on Persistent Organic Pollutants. Republic of North Macedonia signed
the Convention in Stockholm, Sweden, on 22.05.2001. The Convention was ratified by means
of the Law on Ratification (,,Official Gazette of R.M. No.17/04).

Vienna Convention for the Protection of the Ozone Layer (Vienna, March 1985). The
Convention was ratified by means of the Law on Ratification (,Official Gazette of SFRY
No.1/90). Republic of North Macedonia has taken over by means of succession on 10.03.1994.

®=  Montreal Protocol on Substances that Deplete the Ozone Layer (Montreal, September
1987). The Protocol was ratified by means of the Law on Ratification (,,Official Gazette of
SFRY N0.16/90). Republic of North Macedonia has taken over by means of succession on
10.03.1994.
= The Amendment to the Montreal Protocol on Substances that Deplete the
Ozone Layer-London. The Protocol was ratified by means of the Law on
Ratification (,,Official Gazette of R.M. No0.25/98).
= The Amendment to the Montreal Protocol on Substances that Deplete the
Ozone Layer-Copenhagen. The Protocol was ratified by means of the Law
on Ratification (,Official Gazette of R.M. No0.25/98).
= The Amendment to the Montreal Protocol on Substances that Deplete the
Ozone Layer-Montreal. The Protocol was ratified by means of the Law on
Ratification (,,Official Gazette of R.M. No.51/99).
= The Amendment to the Montreal Protocol on Substances that Deplete the
Ozone Layer-Beijing, 1991. The Protocol was ratified by means of the Law
on Ratification (,,Official Gazette of R.M. No.13/02).

Convention on Environmental Impact Assessment in a Transboundary Context (Espoo,
February 1991). The Convention was ratified by means of the Law on Ratification (,,Official
Gazette of R.M. No.44/99).

Convention on Access to Information, Public Participation in Decision-Making and Access to
Justice in Environmental Matters (Aarhus Convention). The Convention was ratified by means
of the Law on Ratification (,,Official Gazette of R.M. No.40/99).

Basel Convention on the Control of trans-boundary Movements of Hazardous Wastes and
Their Disposal. The Convention was ratified by means of the Law on Ratification (,,Official
Gazette of R.M. N0.49/97).

Minamata convention on mercury. The convention has been signed on 24.07.2014

At its thirty-second session”’ (Geneva, 9-13 December 2013), the Executive Body (EB) for the LRTAP
Convention adopted revised guidelines for reporting emissions and projections data under the
Convention (ECE/EB.AIR/122/Add.1, decisions 2013/3 and 2013/4). Revised 2014 Reporting guidelines
(ECE/EB.AIR.125) are adopted for application in 2015 and subsequent years.

7http://www.unece.org/index.php?id=33605#/
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This informative report has been prepared according to Annex Il of the Revised 2014 Reporting
guidelines.

National legislation

In accordance with the Law on ambient air quality Article 27-g (2), the Air Pollutant Emissions
inventory for the territory of Republic of North Macedonia is performed through:

1) Calculation of emission quantities of pollutants in the air in Republic of North Macedonia;
2) Preparation of report on the annual emission inventory with emission projections;

3) Preparation of report on implementation of emission reduction measures in order to fulfill
the requirements toward the 1979 Convention on Long-Range trans-boundary Air Pollution
and its amendments (hereinafter: LRTAP convention).

The reporting obligations to the European Environmental Agency and other relevant international
organizations and to the Executive body of the LRTAP convention are set down in Article 27-d of the
LAAQ.

The methodology for preparation of the inventory is prescribed in the Rulebook on the methodology
for inventory and establishment of the levels of polluting substances emission into the atmosphere in
tons per year concerning all types of activities, as well as other data to be submitted to the European
Monitoring and Evaluation Program (EMEP), Official Gazette of the Republic of Macedonia No.
142/078.

The national emission ceilings for 2010 according to the old NEC Directive are defined in the Rulebook
on the amounts of emission ceilings of polluting substances for the purpose of setting projections for
a certain period concerning the polluting substances emission reduction at annual level®.

Practical implementation and development of the inventory work

In 2005 Republic of North Macedonia via the Ministry of Environment and Physical Planning (MEPP)
established a National Methodology for Air pollutants emission inventory. This was part of the
implementation of the EMEP Program, for the purpose of the implementation of the CLRTAP in the
Republic of North Macedonia, carried out through European Topic Centre on Air and Climate Change
(ETC/ACC) with financial support by the Community Assistance for Reconstruction Development and
Stabilization (CARDS) Program. The objective of the project was to establish an air pollutant emission
inventory and reporting system for Republic of North Macedonia that complies with the international
requirements of the European Union (EU) and adaptation towards comparability with the data of the
EU Member States. In 2006, the consulting company TEHNOLAB Ltd authorized by the MEPP, has
prepared the first Air pollutant emission Inventory and Informative Inventory Report (IIR) which
covered information on air pollutant emissions for year 20041° and has been based EMEP/EEA

8 Rulebook on inventory making and establishment of the level of polluting substances emission in ambient air in tonnes per year for all
types of activities, as well as other data to be delivered to the EMEP (Official Gazette of RM no.142/2007)

9 Rulebook on the amounts of emission ceilings of polluting substances for the purpose of setting projections for a certain period concerning
the polluting substances emission reduction at annual level (Official Gazette of RM No.2/2010,156/11)

10 CLRTAP- Macedonia’s Informative Inventory Report, 2004, MEPP, March 2006
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Guidebook!! for 2006 (in the further text GB 2006). The history of the development of the inventory
is described below.

For the 2005, 2006, 2007, 2009 inventory years, according to the requirements of CLRTAP, MEPP has
updated the air pollutant emission data only for the three main SNAP!? sectors (1, 2 and 3), without
submitting an IIR Report.

In 2007 Republic of North Macedonia complying with CLRTAP as part of the national legislation has
enforced the “Rulebook on inventory making and establishment of the level of polluting substances
emission in ambient air in tons per year for all types of activities, as well as other data to be delivered
to the Environmental Monitoring Program of Europe (EMEP)“.

In 2010, MEPP engaged the second time TEHNOLAB Ltd, a consulting company, to prepare a complete
Air pollutant emission inventory and IIR for year 2008 emissions®3.

In 2011 air pollutant emissions data (only for the three main SNAP sectors (1, 2 and 3)) for 2009 were
updated without submission of an IIR Report.

Republic of North Macedonia, in 2011 participated in Stage 3 in depth review!* of Air Emission
Inventories and replied promptly on the questions sent by the Expert review team (ERT).

Review made by ERT, as well as the sent questions, were of great use and importance for further
development and improvement of the Macedonian air pollutant emission inventory in accordance
with GB 2009 '*. Hence, recommendations from Stage 3 review were taken into account in the
Inventory submissions in the following years.

In relation to air pollutant emissions inventory submission in 2012, MEPP secured financial resources
for both a full inventory and preparation of the report, improved in line with the Stage 3 Review report
recommendations. MEPP involved Tehnolab Ltd, to carry out the inventory and the preparation of IIR
for 2010. This Inventory was improved in accordance with some remarks given in the Stage 3 review
report, including full series of heavy metal emissions.

In 2013, the air pollutant emission inventory for 2011 was extended for the first time to cover
emissions of PM2.5, PM10, dioxins and furans. Emissions for the baseline years 1980 (SOx), 1987
(NOx), 1988 (NMVOC) and 1990 (POPs) were delivered to the Convention on Long-range trans-
boundary Air Pollution in accordance with the requirements of particular protocols.

In 2014 and 2015 the air pollutant emission inventory for all pollutants was prepared. A calculation
for the missing years and recalculation for the previously reported years was carried out, including
calculation of the emissions in the baseline years of 1980 (SOx), 1987 (NOx), 1988 (NMVOC) and 1990
(POPs) due to improved activity data, as well as in accordance with the updated version of the
EMEP/EEA Emission Inventory Guidebook 2013 ® for most of the source categories.

11 EMEP/CORINAIR Emission Inventory Guidebook - 2006

12SNAP Selected Nomenclature on Air Pollutants

B3CLRTAP- Macedonia’s Informative Inventory Report, 2008, MEPP, March 2010
http://www.ceip.at/fileadmin/inhalte/emep/pdf/2011/MK_Stage3 Review Report 2011.pdf;
15 EMEP/EEA air pollutant emission inventory guidebook - 2009

16 EMEP/EEA air pollutant emission inventory guidebook - 2013

Republic of North Macedonia INFORMATIVE INVENTORY REPORT Page
44


http://www.eea.europa.eu/www/SITE/publications/emep-eea-guidebook-2016
http://www.eea.europa.eu/www/SITE/publications/emep-eea-guidebook-2016

The IR submitted in 2016 covered information on anthropogenic emissions of air pollutants for 2014
for all pollutants, the entire time series starting from 1990, and it included documentation of methods,
data sources, completeness of the Inventory, quality assurance and quality control (QA/QC) activities
carried out, as well as sectorial methodologies for emission estimations by category (NFR). Emission
data, activity data and emission factors are presented in separate chapters of this IIR. NFR 14-2 tables
are used to report the emissions.

In 2016, Republic of North Macedonia again participated in a Stage 3 in depth review of Air Emission
Inventories. Based on this review, additional improvements were made in the inventory. The IIR,
submitted in 2017 described these improvements and for the first time contained a quantitative
uncertainty assessment. Furthermore, in most of the categories updated emission factors from the
EMEP/EEA Emission Inventory Guidebook 20167 were used. For this reporting round additionally in
most of the categories, EMEP/EEA Emission Inventory Guidebook 2019'® and 2016 has been used,
while older versions were rarely used due to limitation of activity data. The present IIR submitted in
2020 contains improved activity data and the editing has also been improved.

The overall view of the gradual improvement of the inventory work is presented in the following
table.

Table 6 Development of the inventory work in North Macedonia

Submission
Year Inventory Pollutant Tm.1e Based on Implemented 5 8 3
eries by & & o &
(T (T o -
2 2 2
2005 e National Methodology = Basic 2003 EMEP/CORINAIR MOEPP X
for Air pollutants pollutants Emission
emission inventory /SNAP Inventory
e Establishment of an sector Guidebook - 3rd
emission inventory and = 1,2,3 edition October
reporting system 2002 UPDATE
Emission
measurements
2006 | First Air pollutant Basic 2004 EMEP/CORINAIR ETC/ACC X X
emission Inventory pollutants Emission (EMEP Program)
according CORINAIR /all Inventory TEHNOLAB Ltd
methodology and sectors Guidebook - 3rd
Informative Inventory edition October
Report (IIR) 2002 UPDATE
Emission
measurements
2007 = Rulebook on inventory Basic 2005 MEPP X
making and pollutants

establishment of the level
of polluting substances
emission in ambient air in
tons per year for all types
of activities, as well as
other data to be
delivered to the EMEP

17 EMEP/EEA air pollutant emission inventory guidebook - 2016

18 EMEP/EEA air pollutant emission inventory guidebook - 2019
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Year

2008
and
2009

2010

2011

2012

2013

2014
2015

2016
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Inventory

Update

Air pollutant emission
Inventory and IIR
Stage 3 in depth review

Update

Inventory and
preparation of the report

e Air pollutant emission
Inventory

e Emissions for the
baseline years 1980
(SOx), 1987 (NOx),
1988 (NMVOC) and
1990 (POPs)

Recalculation including

baseline years

e Recalculation of all
pollutants, time series
starting from 1990

e documentation of
methods, data sources,
completeness of the
Inventory, QA/QC,
sectorial
methodologies for
emission estimations
by category (NFR)

Pollutant

Basic
pollutants
SNAP
sector 1, 2
and 3

Basic
pollutants
Basic
pollutants

SNAP
sectorl, 2
and 3

All
including
heavy
metals
(HM)

All + HM
including
PM2.5,
PM10,
dioxins
and
furans

All with
exception
of BC

All with
exception
of BC

Time
series

On
yearly
base
accordin
g the
rule n-2

2008

Full
time
series

Baseline
years +
2012
and
2013
1990 -
2014

Based on

EMEP/CORINAIR

Emission
Inventory

Guidebook - 3rd

edition October
2002 UPDATE

Emission
measurements

EMEP/EEA GB
2009

EMEP/EEA GB
2009

EMEP/EEA
Emission
Inventory
Guidebook -
2009, 2013
EMEP/EEA
Emission
Inventory
Guidebook -
2009, 2013

Submission

Implemented

N o 3
by 2 8 z £
[ [ w -
2 2 2
MEPP X
TEHNOLAB Ltd X X
MEPP & X
TEHNOLAB Ltd
MEPP & X X
TEHNOLAB Ltd
MOEPP X
MEPP X
MEPP X X
Twinning
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Submission

Year Inventory Pollutant T|n_1e Based on Implemented 5 8 3
series by & & e &=
[ [ w -
2 2 2
2017 e Introduction of All + BC 1990- EMEP/EEA MEPP X X
uncertainty trend 2015 Emission Twinning
analysis and key source Inventory
analysis as well as Guidebook -
QA/QC procedures 2009, 2013 and
implemented and 2016
improved, most of the
Stage 3 review
comments1?
implemented
2018 e Data quality Emission 1990- EMEP/EEA MEPP X X
improvement, inventory 2016 Emission
introduction of new experts Inventory
QA/QC procedures Guidebook -
2009, 2013 and
2016
2019 e Data quality Emission 1990- EMEP/EEA MEPP X X
improvement, inventory = 2017 Emission
introduction of new experts Inventory
QA/QC procedures Guidebook -
2009, 2013 and
2016
2020 e Data quality Emission 1990- EMEP/EEA MEPP X X
improvement, inventory = 2018 Emission
introduction of new experts Inventory
QA/QC procedures, Guidebook -
Several NFR sectors 2009, 2013 and
added for first time, 2016, 2019
use of Tier 2

methodology in several
categories, use of EF
from 2019 GB

2.2. Institutional arrangements

According to the Article 40 of the Law on environment (LE)?°, the Macedonian Environmental
Informative Center (MEIC), a department within the Ministry of Environment and Physical Planning
(MEPP) is the Single National Entity (SNE) responsible for the preparation of emission inventories.
MEIC within the MEPP has the overall responsibility and submits the inventory report to CLRTAP.
Within the MEIC, experts from four different departments are contributing, whereby experts from the
division of Analysis and Reporting are compiling and reporting the inventory.

Data needed for the preparation of the inventory are provided by either industrial operators, State
statistical office (S50), Ministry of Economy (MOE), Ministry of defense (MOD), Ministry of agriculture,
forestry and water supply (MAFWS), or Ministry of Interior (MOI) etc. MEPP has signed memorandum
of understanding for data exchange with the SSO and starting from 2016 with MOI on detailed vehicles

19 UNECE/CEIP/S3.RR/2016/Macedonial9/10/2016

20 Law on environment Official Gazette of RM num. 53/2005, 81/2005, 24/2007, 159/2008, 83/09, 48/10, 124/10, 51/11,123/12, 93/13,
44/15
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fleet data. MOI during 2019 has provided activity data per vehicle category for the 2018. Therefore,
Tier 2 calculation methodology has been implemented for the period 2014-2018 data.

The other ministries / institutions mentioned above are delivering the data on voluntary basis and

upon MEIC requirements. The plant operators are reporting the data due to their obligation under
PRTR and national sub legislation under the Law on ambient air quality.

The institutional arrangements for the inventory system currently used in Republic of North
Macedonia are presented in Figure 1. The Macedonian Environmental Informative Center (MEIC)
within the MEPP has the overall responsibility and submits the inventory report to CLRTAP.

Ministry of Environment and Physical Planning (MEPP)

Sector — Macedonian Environmental Information Center (MEIC)

Unit for analysis and - Air quality
. IT unit R
reporting monitoring u

Unit for cadastres
and modeling

Data providers

Figure 1 Institutional arrangements
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2.3. Inventory preparation process

The preparation of the Inventory includes the following stages:
a) Planning

b) Preparation

c) Data management

d) Reporting

INVENTORY PREPARATION PROCESS

eresponsibilities/team scollecting data sarchiving «Emission in NFR_14 reporting
*QA/QC Plan eemission estimation sinternal documentation, inc. template
«time-schedule erecalculations on QA/QC «lIR acording to Annex Il of the
«quality objectives ereport writing ereviev cooperation Guidelines Recommended
eestablished processes (official «QC 'St'm"| L2 fgzmlargrnam
Sopronul, etc.) FOAees Renay oLPS an?:lrrsNFR on every five

sImprovement plan s

*EEA

*UNECE Secretariat

Figure 2 Scheme of inventory preparation process
a) Inventory planning

The planning of the Inventory includes organizational aspects, related to: appointment of the team of
key and deputy key experts within the department, description of specific tasks and responsibilities,
development of operational procedures with regard to data collection and data calculation on the
activity rate and emission factors included in the database of the National Emission Inventory.
Currently, seven persons are involved in the inventory work, but for only two of them the preparation
of the emission inventory is primary task. Five of them are distributed as key experts and deputy
experts between sectors, but due to the fact that preparation of the inventory is not their main task,
they need further training in order to be independent in the preparation of the sector inventory, which
is currently done with the support of Energy expert acting as emission inventory coordinator. The IT
expertis responsible for update of the NFR reporting tool, KCA, Trend analysis and NFR reporting table
on yearly base. Further improvement and safe sustainability of the inventory will be entirely ensured
by increasing of the trained staff and dedication of the experts to inventory work as their primary task.
A document for the timeline of the inventory preparation have been prescribed and has been used by
the experts within preparation of this inventory round.

b) Inventory preparation
In the context of this Inventory preparation, each of the experts are involved in the identification of
the sources of pollution, definition of the relevant data sources and data collection (activity data). All
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other activities concerning the Inventory preparation and development have been organized through
this approach.

During the Inventory preparation, recommendations given from Stage 3 review were followed and
were of great use regarding the improvements made in the NFR, this [IR and improvements in general.

An expert mission on Improvement of the QA/QC procedures in the emission inventory process Within
the project,”Capacity building on climate change mitigation and adaptation for western Balkan”
Program for 2017, financed by the Austrian government, has been held in December 2017. During the
mission a Workflow matrix for preparation of IR and emission inventory has been developed and it is
partially implemented.

In the last reporting round deputy experts per sectors have checked in more detail activity data and
emissions calculations done by the nominated key experts per sector according the work flow matrix.

e Identification of sources of pollution
In the framework of the Inventory preparation, great attention has been devoted to the identification
of the sources of pollution. This was necessary for two basic reasons: the first is based on the
geographical position of the Republic of North Macedonia (e.g.: there are no sources of pollution of
marine or river traffic), and the second on the level of industrial and economic development of the
country (there are no nuclear power plants, gas turbines, etc.).

e Data sources

Data from several sources have been used on the different sectors, including:

— Statistical Yearbooks of Republic of North Macedonia 1990-2018;

— MAKSTAT DATABASE from SSO

— Publications published by SSO in different areas (Transport, Industry in the Republic of North
Macedonia, Industry and Energy, Livestock, Agriculture and Forestry);

— Energy Balance of the Republic of North Macedonia by Ministry of economy

— Measurements data from the industrial operators and waste incineration plant

— International web page databases (FAO, Eurostat and etc.).

— Data from relevant national ministries and agencies (MOD, PEMF, MAFWS and others)

c) Data management and processing
Emission factors and activity data for different source categories are collected and calculated in
separate NFR excel tables, for the period from 1990 to 2018. NFR tables are categorized in separate
folders (ENERGY, INDUSTRY and SOLVENT PRODUCT USE, AGICULTURE, WASTE, TRANSPORT,
NATURAL SOURCES).

During each inventory preparation cycle, evaluation and update of selected emission factors of
previous years is conducted, if there is an available updated version of EMEP/EEA Guidebook. In this
reporting round EF from GB 2019 were checked and excel calculations sheets and IIR tables were
updated.

QA/QC activities include comparison of the value of input data with the previous year’s value. If there
are large deviations, the value was checked for errors such as typing or unit errors. If necessary, the
primary data providers were contacted for an explanation.
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The basic approach in the selection of the methodology used in the calculation of emissions and
selection of emission factors for each source, is driven by availability of activity data. The availability
of data and possible time series inconsistencies are described for each source category in the sectoral
chapters, further below. Mainly the problem is coming from the fact that data coming from the
Statistical publications are not detailed enough, and the fact that the last Census was carried out in
2002. Additionally, compared to the other European countries, we have started with preparation of
whole time series emission inventory for all pollutants only in 2014. This effects in use of different
methodology in the older statistical yearbook, and higher use of data gap filling methods that result
with trend inconsistency in some sectors, as well as higher uncertainty. However lately with
introduction of MAKSTAT database the activity data are revised, more detail and historical data are
introduced, which enable us to improve in this field.

Taking into account such difficulties in the collection of data on activity rates, as well as the fact that
Republic of North Macedonia does not yet have national emission factors with exception of those
provided for the major industries, Tier 1 methodologies and the corresponding emission factors from
GB 2009, GB 2013 in several categories and mainly GB 2016 and GB 2019 were used to estimate
emissions from most sources in this Inventory. Only in 1.A.1.a and 2.C.2 implied emission factors are
used. These factors were calculated based on emissions reported in the previous years and fuel
used/production. The factors are used in case when these plants do not report measured data, or the
reported data are not approved by MEPP.

Calculation of emissions with use of Tier 2 method was carried out in the following sources: NFRs
1.B.1.a (Fugitive emission from solid fuels), 2.A.3 (Glass production), 2.D.3.g (Chemical products) and
2.H.2 (Food and beverages industry). 1.A.3.b for 2014-2018 and in 5.A and 5.D.2, for the whole
reporting period. Implied emission factors (IEFs) have been used in NFR categories 1.A.1.a (Public
electricity and heat production), 2.A.1 (Cement production) 2.C.1 (Metal production) and 2.C.2
(Ferroalloys production). Tier 2 has been also introduced in 2.C.5 (Lead production) and 2.C.6 (Zinc
Production).

With regard to the specification of emission factors for certain number of emission sources, mainly
for point sources (Facilities), data from the manual monthly and yearly emissions measurements of
pollutant, measurements done with automated systems, carried out at the various facilities, has been
used (see chapter References).

Detailed overview and explanation of activity data and emission factors for each of the NFR sectors
are presented in Chapters 4.0 to 8.0.

d) Reporting

For reporting of emissions, data from separated calculated sheets tables per NFR, containing EFs,
activity data and calculated emissions per pollutant, were linked to the NFR table for reporting. This
was carried out with the help of a NFR Reporting Tool, which was developed within the EU Twinning
project and implemented by an IT expert from MEPP. The NFR Reporting Tool transposes columns to
rows, includes data analysis and provides emission trends. NFR Reporting tool is linked with the
NFR_14 reporting template and reporting towards UNECE and EEA is carried out within the given
deadline.
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During the preparation of the current submission of Informative Inventory Report in 2018, the below
listed guidelines were followed:

— Revised 2014 Reporting guidelines (ECE/EB.AIR.125);

— Annex |l of the Guidelines Recommended structure for the Informative Inventory Report (lIR)
- Documentation of methods, trends, recalculations, activity data and other information
relevant for understanding the inventory;

— EMEP/EEA air pollutant emission inventory guidebook - 2009;

— EMEP/EEA air pollutant emission inventory guidebook — 2013;

— EMEP/EEA air pollutant emission inventory guidebook — 2016;

— EMEP/EEA air pollutant emission inventory guidebook — 2019;

The structure of the above-mentioned guidelines was followed by the authors, in order to achieve
transparency, consistency, completeness, comparability and accuracy of reported emission data. This
lIR as the previous one, was reported after the given deadline, namely in the beginning of May due to
the expert’s engagement in other duties. It is planned from the next submission to respect the given
reporting deadline also for the IIR, but this is difficult due to the face that experts are involved in other
tasks than inventory.

2.4. Methods and data sources

Methodology

The methodology of the Macedonian air pollutant emission inventory is based on the UNECE CLRTAP
Reporting Guidelines and the EMEP/EEA Emission Inventory Guidebook 2016 and now mainly 2019,
targeting on transparency, completeness, consistency, comparability and accuracy of emissions data.
In cases where we are limited with activity data, emission factors from EMEP/EEA Emission Inventory
Guidebook 2013 and 2009 have been used.

The calculation of emissions is based on activity data (AD), which represents the magnitude or volume
of an activity generating emissions, while an emission factor (EF) is the mass of emissions per unit of
activity. Activity data is either available from official statistics, from the industry of from special
studies, inquiries or e.g. from the literature. Default emission factors presented in the Guidebook have
been used in the calculation of emissions. In the future there is a need to develop national emission
factors in some key sectors that would more accurately correspond to the Macedonian conditions.

Data sources

Activity data needed for emissions calculation are extracted from regular publications and databases
of the State Statistical Office and other relevant governmental organizations and ministries, or also
from the industry and inquiries carried out by MEIC. For particular sub-sectors and source categories,
more detailed data are required than those published in official statistical reports, such as
disaggregated energy balance, vehicle fleet etc. Table 7 presents the official activity data sources in
relation to the NFR sectors. The web pages for those data that are available are given in the chapter
references. Data requested upon official letters or e-mails, but are not available publicly are reported
only here in the following table.
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Table 7 Activity data sources

NFR Data source Data provider
Sector
Energy Statistical Yearly reports 1990-2018 [21] Ministry of
Energy balance 2009-2018 [22] economy
Energy statistics for 2000-2010 [23] MEPP
MAKSTAT database-Energy [24] State statistical
office
Transport State Statistical Office of the Republic of North Macedonia, Transport and other Ministry of
communications, 2007-2015 [25], Interior
MAKSTAT database data on transport [26] State statistical
MOI car fleet database 2014-2018 office
Industrial Industry in the Republic of North Macedonia, 2002-2007,2003-2003-2008,2004- State statistical
Processes 2009,2005-2010,2006-2011,2007-2012,2008-2013,2009-2014, 2010-2015 [27] office
MAKSTAT database industrial data [28]
Statistical Yearly reports 1990-2018 [21] MEPP
Questionnaire for emissions in environment 2014-2018
http://minerals.usgs.gov/minerals/pubs/country/europe.html#mk [29]
Solvent and = State Statistical Office of the Republic of North Macedonia. Commodity international State statistical
Other exchange in the Republic of North Macedonia, 2006-2015 [30] office
Product Industry in the Republic of North Macedonia, 2002-2007,2003-2003-2008,2004-
Use 2009,2005-2010,2006-2011,2007-2012,2008-2013,2009-2014, 2010-2015 [27]
MAK STAT database on solvent [28] MEPP
Statistical Yearly reports 1990-2018 [21]
Questionnaire for emissions in environment -2014-2018
Data required from SSO for activity data through info email
Agriculture | State Statistical Office of the Republic of North Macedonia, Field crops, orchards and State statistical
vineyards, 2007-2017 [31] office
Statistical Yearly reports 1990-2018 [21] MAKSTAT
State Statistical Office of the Republic of North Macedonia, Livestock, 2007-2015 [32] database
MAK STAT database agriculture [34] MAFWS
State Statistical Office of the Republic of North Macedonia, Forestry, 2000-2015 [35], @ FAO
Census of agriculture, 2007, Individual agricultural holdings grouped by total available
land, by regions, 2008 [36]
Waste Statistical Yearly reports 1990-2018 [21] State statistical
Feasibility study on Drisla landfill, book 1of 2, General overview, Final report, August, office
2011 [37] Public
“Drisla” landfill web page [38] enterprise
Drisla, Yearly environmental reports, 2013, 2014, 2015, 2016,2017,2018 “Drisla” landfill
Data on treated communal water 1990-2017 reported by 7 waste water treatment EUROSTATE
plants Waste water
PRTR database in MEPP [39] treatment
plants
Natural State Statistical Office of the Republic of North Macedonia, Forestry, 2007-2014 [32] State statistical
sources Data on fires (burned area, burned forests) reported by Macedonian forest fires 1990- = office
2018 Public
enterprise
Macedonian
forests
2.5. Key Categories

Following the encouragement from the last Stage 3 review, the update of the Key Category Analysis
(KCA) was prepared on NFR subcategory basis for all pollutants and therefore is fully consistent with
the analysis done by CEIP. The trend analysis was carried out as recommended in the Stage 3 review
carried out last year for the first time and also carried out during this year.
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According to the UNECE CLRTAP Reporting Guidelines sources contributing to an accumulated 80% to
total emissions are defined as key sources.

Furthermore, the section on emission trends (see chapter 3) has been included to the Macedonian IIR.
Description of trends and main emission sources are available for all pollutants.

Identification of key source categories of individual pollutant was made using methodology that
follows the quantitative Approach 1, described in “EMEP/EEA air pollutant emission inventory
guidebook 2016”. As described in Approach 1, key categories are identified using a predetermined
cumulative emissions threshold. Key categories are those which when summed together cumulatively
add up to 80% of the total level.

The analysis of key sources in Republic of Macedonia includes pollutants under CLRTAP: pollutants
which cause acidification, eutrophication and Ground-level ozone (NOx, NMVOC, SOx, NH3 and CO),
Particles (TSP) and heavy metals (Pb, Cd, Hg, As, Cr, Cu, Ni, Se and Zn). Cumulative Table 8 presents
the key sources for all reported pollutants. The key category analysis are is in compliance with the KCA
table sent by CEIP with exception with PM2.5* due to the fact that for this pollutants KCA has been
corrected in compliance with NFR reporting table version 2 which has been attached to CDR. Eionet
web page in beginning of April. Corrections on the emissions of PM2.5 from 1.A.1a were made which
effect on the KCA for this pollutant.

Table 8 Key categories for all air pollutants

Pollutant Key categories 2018 (sorted from high to low contribution from left to right) Total %
NOX 1Ala 1A3biii 1A2gviii  1A3bi 1A2a 1A%gv 81.3%
1
NMVOC 1A4bi 5A 2D3d 2D3a 2D3e 1B2av  3B1 1A3 3Da 1B1  3B1 80.4%
a bv 1 a b
SO, 1Ala 88.4%
NHs 3B1la 3Da2a 3Da3 3B3 3Dal 3B1b 81.1%
PM2,5*% 1A4bi 1Ala 1A2a 82.1%
PM10 1A4bi 1Ala 3Dal 1A2a 81.7%
TSP 1A4bi 1Ala 2A5a 1A2a 1Bla 81.9%
co 1A4bi 1A3bi 1A3biii 1A2a 5A 84.3%
Pb 1Ala 2C1 1A4bii 1A2a 1A%gvi 83.8%
1
Cd 2C1 1A4bi 85.0%
Hg 1Ala 5C1biii 2C1 1A2a 88.1%
As 1Ala 88.8%
Cr 1A3bi 1A3biii 1Ala 1A4bi 87.7%
Cu SCZ.Lbii 1A4bi 2G 1A2a lAzgvi 1A.2.gv 1A1 81.4%
| 1 1 a
Ni 1A4bi 1Ala 1A4ai 88.6%
e 1An2.gv 98.8%
11
Zn 5C2 1A4bi 1A2a 84.4%
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Pollutant Key categories 2018 (sorted from high to low contribution from left to right) Total %

DIOX 1A4bi 1A2a 2C1 87.1%
PAH 1A4bi 1A2a 88.7%
HCB 2C3 83.9%
PCBs 2C5 94.7%

In the process of key categories identification each pollutant was analyzed separately. The results of
the level and trend assessment for each pollutant are presented in the following Tables.

Table 9 Key source categories for emissions of NOxin Gg
Level Assessment 2018

NFR NFR sector 2018 % %cum
Code
1Ala Public electricity and heat production 5.12 27.7% 27.7%
1A3Dbiii R.T., Heavy duty vehicles 4.38 23.6% 51.3%
1A2gviii = Other Stationary Combustion in Manufacturing Industries and 1.98 10.7% 62.0%
Construction
1A3bi R.T., Passenger cars 1.63 8.8% 70.8%
1A2a Iron and Steel 1.12 6.0% 76.8%
1A2gvii Mobile Combustion in Manufacturing Industries and Construction 0.83 4.5% 81.3%
Trend Assessment 1990-2018
NFR
NFR sector 1990 2018 TA % %cum
Code
1Ala Public electricity and heat production 23.77 5.12 0.605 36.2% 36.2%
1A3Dbiii R.T., Heavy duty vehicles 3.00 4.38 0.418 25.0% 61.2%
1A2gviii | Other Stationary Combustion in Manufacturing 2.00 1.98 0.154 9.2% 70.4%
Industries and Construction
1A2gvii Mobile Combustion in Manufacturing Industries and 3.70 0.83 0.090 5.4% 75.8%
Construction
1A3bi R.T., Passenger cars 5.28 1.63 0.069 4.1% 79.9%
1A4ai Commercial/Institutional: Stationary 0.14 0.55 0.065 3.9% 83.8%

Table 10 Key source categories for emissions of NMVOC in Gg
Level Assessment 2018

NFR Code NFR sector 2018 % %cum
1Ala Public electricity and heat production 5.12 27.7% 27.7%
1A3biii R.T., Heavy duty vehicles 4.38 23.6% 51.3%
1A2gviii Other Stationary Combustion in Manufacturing Industries and 1.98 10.7% 62.0%
Construction
1A3bi R.T., Passenger cars 1.63 8.8% 70.8%
1A2a Iron and Steel 1.12 6.0% 76.8%
1A2gvii Mobile Combustion in Manufacturing Industries and Construction 0.83 4.5% 81.3%
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Trend Assessment 1990-2018
NFR Code NFR sector

1Ala Public electricity and heat production
1A3biii R.T., Heavy duty vehicles
1A2gviii Other Stationary Combustion in Manufacturing

Industries and Construction

1A2gvii Mobile Combustion in Manufacturing Industries
and Construction

1A3bi R.T., Passenger cars

1A4ai Commercial/Institutional: Stationary

1990

23.77

3.00

2.00

3.70

5.28
0.14

Table 11 Key source categories for emissions of SO, in Gg

Level Assessment 2018

NFR Code NFR sector

1Ala Public electricity and heat production
Trend Assessment 1990-2018

NFR Code NFR sector

1Ala Public electricity and heat production

1A2gviii Other Stationary Combustion in Manufacturing
Industries and Construction

1A2a Iron and Steel

1A2b Non-ferrous Metals

1990
102.15
0.41

1.40
2.10

Table 12 Key source categories for emissions of NH; in Gg

Level Assessment 2018
NFR Code NFR sector

3Bla Dairy cattle

3Da2a Animal manure

3Da3 Urine and dung deposited by grazing animals
3B3 Swine

3Dal Inorganic N-fertilizers

3B1b Non-dairy cattle

Trend Assessment 1990-2018
NFR Code NFR sector

3Bla Dairy cattle

3Da3 Urine and dung deposited by grazing animals
3B4gi Laying Hens

3B3 Swine

3B2 Sheep

3Dal Inorganic N-fertilizers

1990

2.07
2.93
1.76
0.84
0.92

0.91

2018

5.12

4.38

1.98

0.83

1.63
0.55

2018
53.85
2.60

3.03
0.00

2018

2.19
1.21
0.56
0.90
0.29

0.81
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TA

0.605

0.418

0.154

0.090

0.069
0.065

2018
53.85

TA
0.073
0.071

0.067
0.034

2018
2.19
2.04
1.21
0.90
0.81
0.79

TA
0.150
0.099
0.089
0.063
0.046

0.041

%

36.2%

25.0%

9.2%

5.4%

4.1%
3.9%

%
88.4%

%
25.1%
24.2%

23.0%
11.8%

%
22.4%
20.9%
12.4%
9.2%
8.3%
8.0%

%
25.0%
16.6%
14.8%
10.6%
7.7%
6.9%

%cum

36.2%

61.2%

70.4%

75.8%

79.9%
83.8%

%cum

88.4%

%cum
25.1%
49.3%

72.3%
84.0%

%cum
22.4%
43.2%
55.6%
64.8%
73.1%
81.1%

%cum
25.0%
41.6%
56.3%
66.9%
74.6%
81.4%
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Table 13 Key source categories for emissions of CO in Gg

Level Assessment 2018

NFR Code NFR sector 2018 % %cum
1A4bi Residential: stationary 31.21  55.7%  55.7%
1A3Dbi R.T., Passenger cars 6.08 10.8%  66.5%
1A3Dbiii R.T., Heavy duty vehicles 4.27 7.6% 74.1%
1A2a Iron and Steel 3.17 5.7% 79.8%
5A Solid waste disposal on land 2.53 4.5% 84.3%
Trend Assessment 1990-2018

NFR Code NFR sector 1990 2018 TA % %cum
1A3bi R.T., Passenger cars 46.34 6,08 0.571 42.9% 42.9%
1A4bi Residential: stationary 64.14  31.21 0.171 12.9%  55.8%
1A3Dbiii R.T., Heavy duty vehicles 2.74 4.27 0.131  9.9% 65.7%
1A2a Iron and Steel 1.50 3.17 0.107  8.0% 73.7%
1A2gviii Other Stationary Combustion in Manufacturing 0.32 2.46 0.098 7.4% 81.1%

Industries and Construction

Table 14 Key source categories for emissions of TSP in Gg

Level Assessment 2018

NFR Code NFR sector 2018 % %cum
1A4bi Residential: stationary 6.21 39.7% | 39.7%
1Ala Public electricity and heat production 4.98 31.8% @ 71.4%
2A5a Quarrying and mining of minerals other than coal 0.80 5.1% 76.5%
1A2a Iron and Steel 0.43 2.7% 79.3%
1Bla Coal Mining and Handling 0.41 2.6% 81.9%
Trend Assessment 1990-2018

NFR Code NFR sector 1990 2018 TA % %cum
2C2 Ferroalloys Production 24.52 0.05 1.554 46.6% | 46.6%
1A4bi Residential: stationary 12.74 6.21 0.647 19.4% @ 66.1%
1Ala Public electricity and heat production 12.78 4.98 0.353 10.6% @ 76.7%
2A5a Quarrying and mining of minerals other than coal = 0.62 0.80 0.149 4.5% 81.1%

Table 15 Key source categories for emissions of PM2.5 in Gg

Level Assessment 2018

NFR Code NFR sector 2018 % %cum
1A4bi Residential: stationary 5.74 66.5%  66.5%

1Ala Public electricity and heat production 0.97 11.2%  77.7%

1A2a Iron and Steel 0.38 4.4% 82.1%

Trend Assessment 1990-2018

NFR Code NFR sector 1990 2018 TA % %cum
2C2 Ferroalloys Production 14.71  0.03 1.690  49.3% @ 49.3%

1A4bi Residential: stationary 11.78 5.74 1.154  33.7% 82.9%
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Table 16 Key source categories for emissions of PM10 in Gg

Level Assessment 2018
NFR Code NFR sector

1A4bi Residential: stationary

1Ala Public electricity and heat production

3Dal Inorganic N-fertilizers

1A2a Iron and Steel

Trend Assessment 1990-2018

NFR Code NFR sector 1990 2018
2C2 Ferroalloys Production 20.84 0.04
1A4bi Residential: stationary 12.10 5.90
3Dal Inorganic N-fertilizers 2.06 1.97
1Ala Public electricity and heat production 8.63 3.39

Table 17 Key source categories for emissions of BC in Gg
Level Assessment 2018
NFR Code NFR sector

1A4bi Residential: stationary
1A2a Iron and Steel
1A2gviii Other Stationary Combustion in Manufacturing Industries and

Construction
Trend Assessment 1990-2018

NFR Code NFR sector 1990 2018
2C2 Ferroalloys Production 1.47 0.00
1A4bi Residential: stationary 1.18 0.57

Table 18 Key source categories for emissions of Pb in Mg
Level Assessment 2018

NFR Code NFR sector

1Ala Public electricity and heat production

2C1 Iron and Steel Production

1A4bii Residential: Household and gardening (mobile)

1A2a Iron and Steel

1A2gviii Other Stationary Combustion in Manufacturing Industries and

Construction
Trend Assessment 1990-2018

NFR Code NFR sector 1990 2018
2C5 Lead Production 131.06 0.03
1A3bi R.T., Passenger cars 89.09 0.05
1Ala Public electricity and heat production 0.89 0.48
1A2a Iron and Steel 0.19 0.44
1A4bii Residential: Household and gardening (mobile) 0.63 0.45
2C1 Iron and Steel Production 4.07 0.46
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2018
5.90
3.39
1.97
0.41

TA
1.450
0.550
0.323
0.197

2018
0.57
0.03
0.03

TA
1.885
1.370

2018
0.48
0.46
0.45
0.44
0.34

TA
49.65
32.54
16.13

15.317
15.291

14.478

%
41,.3%
23.7%
13.8%
2.9%

%
48.4%
18.4%
10.8%
6.6%

%
74.1%
4.3%
4.2%

%
47.3%
34.4%

%
18.4%
17.9%
17.3%
17.1%
13.1%

%
29.9%
19.6%

9.7%
9.2%
9.2%
8.7%

%cum
41.3%
65.0%
78.9%
81.7%

%cum
48.4%
66.7%
77.5%
84.1%

%cum
74.1%
78.4%
82.7%

%cum
47.3%
81.7%

%cum
18.4%
36.2%
53.5%
70.7%
83.8%

%cum
29.9%
49.6%
59.3%
68.5%
77.7%
86.5%
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Table 19 Key source categories for emissions of Cd in Mg

Level Assessment 2018

NFR Code NFR sector 2018 % %cum
2C1 Iron and Steel Production 0.41 67.8% 67.8%
1A4bi Residential: stationary 0.10 17.2% 85.0%
Trend Assessment 1990-2018
NFR Code NFR sector 1990 2018 TA % %cum
2C1 Iron and Steel Production 0.02 0.41 1.770 67.1% 67.1%
2C5 Lead Production 0.35 0.00 0.580 22.0% 89.0%
Table 20 Key source categories for emissions of Hg in Mg
Level Assessment 2018
NFR Code NFR sector 2018 % %cum
1Ala Public electricity and heat production 0.09 42.6% @ 42.6%
5C1biii Clinical waste 0.04 18.1% @ 60.6%
1A2gviii Other Stationary Combustion in Manufacturing Industries and Construction = 0.03 15.1%  75.7%
1A2a Iron and Steel 0.03 12.4%  88.1%
Trend Assessment 1990-2018
NFR Code NFR sector 1990 2017 TA % %cum
1Ala Public electricity and heat production 0.17 0.09 0.440 38.3% | 38.3%
1A2a Iron and Steel 0.01 0.03 0.304 26.4%  64.8%
1A2gviii Other Stationary Combustion in Manufacturing 0.00 0.02 0.262 22.8%  87.6%
Industries and Construction
Table 21 Key source categories for emissions of As in Mg
Level Assessment 2018
NFR Code NFR sector 2018 % %cum
1Ala Public electricity and heat production 0.45 88.8% 88.8%
Trend Assessment 1990-2018
NFR Code NFR sector 1990 2018 TA % %cum
1Ala Public electricity and heat production 0.84 0.45 2.474 47.1% 47.1%
2C5 Lead Production 1.03 0.00 1.991 37.9% 84.9%
Table 22 Key source categories for emissions of Cr in Mg
Level Assessment 2018
NFR Code NFR sector 2018 % %cum
1A3bi R.T., Passenger cars 0.49 30.0% 30.0%
1A3biii R.T., Heavy duty vehicles 0.45 27.3% 57.3%
1Ala Public electricity and heat production 0.29 17.7% 74.9%
1A4bi Residential: stationary 0.21 12.8% 87.7%
Trend Assessment 1990-2018
NFR Code NFR sector 1990 2018 TA % %cum
2C1 Iron and Steel Production 3,98 0,00 2,435 49,3% 49,3%
1A3bi R.T., Passenger cars 0.01 0.49 0.917 18.6% 67.9%
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1A3biii R.T., Heavy duty vehicles 0.00 0.45
Table 23 Key source categories for emissions of Cu in Mg
Level Assessment 2018
NFR Code NFR sector
5C1biii Clinical waste
1A4bi Residential: stationary
2G Other product manufacture and use
1A2a Iron and Steel
1A2gviii Other Stationary Combustion in Manufacturing Industries and
Construction
1A2gvii Mobile Combustion in Manufacturing Industries and Construction
1Ala Public electricity and heat production
Trend Assessment 1990-2018
NFR Code NFR sector 1990 2018
1A3bi R.T., Passenger cars 0.30 0.01
1A2a Iron and Steel 0.03 0.06
1A2gviii Other Stationary Combustion in Manufacturing 0.00 0.04
Industries and Construction
1A3biii R.T., Heavy duty vehicles 0.12 0.01
1A2gvii Mobile Combustion in Manufacturing Industries 0.19 0.04
and Construction
1A3bii R.T., Light duty vehicles 0.06 0.00
Table 24 Key source categories for emissions of Niin Mg
Level Assessment 2018
NFR Code NFR sector
1A4bi Residential: stationary
1Ala Public electricity and heat production
1A4ai Commercial/Institutional: Stationary
Trend Assessment 1990-2018
NFR Code NFR sector 1990 2018
1A4bi Residential: stationary 0.13 0.49
1A4ai Commercial/Institutional: Stationary 0.05 0.21
1A4ci Agriculture/Forestry/Fishing: Stationary 0.16 0.02
Table 25 Key source categories for emissions of Se in Mg
Level Assessment 2018
NFR Code NFR sector
1Ala Public electricity and heat production
Trend Assessment 1990-2018
NFR Code NFR sector 1990 2018
1Ala Public electricity and heat production 2.63 1.42
2C1 Iron and Steel Production 0.02 0.11
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0.838

2018
0.09
0.06
0.06
0.06
0.04

0.04
0.03

TA
0.537
0.248
0.224

0.182
0.175

0.114

2018
0.49
0.44
0.21

TA
0.934
0.400
0.087

2018
Se

TA
0.124
0.111

17.0%

%
18.4%
12.9%
12.8%
12.0%

9.2%

8.9%
7.1%

%
29.2%
13.5%
12.2%

9.9%
9.5%

6.2%

%
38.1%
34.3%
16.2%

%
53.2%
22.8%

4.9%

%
1.42

%
47.1%
42.1%

84.9%

%cum
18.4%
31.4%
44.2%
56.2%
65.4%

74.3%
81.4%

%cum
29.2%
42.7%
54.9%

64.8%
74.3%

80.5%

%cum
38.1%
72.4%
88.6%

%cum
53.2%
75.9%
80.9%

%cum

90.2%

%cum

47.1%

89.2%
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Table 26 Key source categories for emissions of Zn in Mg

Level Assessment 2018
NFR Code NFR sector

5C2 Open burning of waste
1A4bi Residential: stationary
1A2a Iron and Steel

Trend Assessment 1990-2018

NFR Code NFR sector 1990

5C2 Open burning of waste 6.67
1A4bi Residential: stationary 8.14
1A2a Iron and Steel 0.37
1A2gviii Other Stationary Combustion in Manufacturing 0.13

Industries and Construction

Table 27 Key source categories for emissions of DIOX in g I-TEQ

Level Assessment 2018
NFR Code NFR sector

1A4bi Residential: stationary
1A2a Iron and Steel
2C1 Iron and Steel Production

Trend Assessment 1990-2018

NFR Code NFR sector 1990

1A4bi Residential: stationary 12.80

1A2a Iron and Steel 0.29

2C1 Iron and Steel Production 2.66

1A2gviii Other Stationary Combustion in Manufacturing 0.03
Industries and Construction

1A2b Non-ferrous Metals 0.47

Table 28 Key source categories for emissions of PAHs in Mg

Level Assessment 2018
NFR Code NFR sector

1A4bi Residential: stationary

1A2a Iron and Steel
Trend Assessment 1990-2018

NFR Code NFR sector 1990
1A4bi Residential: stationary 5.63
1A2gviii Other Stationary Combustion in Manufacturing 0.07
Industries and Construction
1A2a Iron and Steel 0.27
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2018
5.19
3.99
0.69
2018 TA
5.19 0491
3.99  0.119
0.69 0.110
0.57 0.105
2018
6.24
0.67
0.63
2018 TA
6.24 0.172
0.67  0.145
0.63 0.141
0.52  0.134
0.00 0.054
2018
2.84
0.50
2018 TA
2.84 0.187
0.39 0.162
0.50 0.161

%
44.4%
34.1%

5.9%

%
48.0%
11.6%
10.7%
10.3%

%
72.1%

7.8%

7.2%

%
22.8%
19.3%
18.7%
17.7%

7.2%

%
75.3%
13.4%

%
35.0%
30.2%

30.1%

%cum
44.4%
78.5%
84.4%

%cum
48.0%
59.6%
70.3%
80.6%

%cum
72.1%
79.9%
87.1%

%cum
22.8%
42.1%
60.8%
78.6%

85.7%

%cum
75.3%
88.7%

%cum
35.0%
65.2%

95.3%
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Table 29 Key source categories for emissions of HCB in kg

Level Assessment 2018

NFR Code NFR sector 2018 % %cum
2C3 Aluminum production 1.39 83.9% 83.9%
Trend Assessment 1990-2018

NFR Code NFR sector 1990 2018 TA % %cum
2C3 Aluminum production 44.21 1.39 4.256 = 60.4% 60.4%
2C1 Iron and Steel Production 0.00 0.13 2.109 30.0% 90.4%

Table 30 Key source categories for emissions of PCB in kg

Level Assessment 2018

NFR Code NFR sector 2018 % %cum
2C5 Lead Production 27.50 94.7% 94.7%
Trend Assessment 1990-2018

NFR Code NFR sector 1990 2018 TA % %cum
2C5 Lead Production 124.26 27.50 1.57 85.3% 85.3%

2.6. Quality assurance quality control

QA/QC activities are part of the annual inventory preparation process as described under this chapter.
A management process has been set up, defining roles and responsibilities. The inventory team in
North Macedonia consists of seven experts, partly having double roles. The energy expert is also
responsible for the QA/QC procedures and compiles the emissions for one sector and support industry
and solvent expert (see Figure below).

U al Approva

Head of Department

Head of Division

1

Project & QA/QC Manager Submission

- - & Industry and Other
Energy inc. l}esadenual fvents and product
heating
*key sector
+deputy key sector
Sector Experts

Figure 3 Roles in inventory preparation and submission

The sector experts are responsible for selection of methods, collection of input data, emissions
calculation as well as QC at sector level. The project Manager is in charge of coordination of activities,
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timely preparation and completeness of IIR, as well as cross-cutting tasks such as basic QC of report,
implementation and maintaining of a QA/QC plan, review coordination within the team, as well as for
key category analysis and of Review communication. The update of uncertainty analysis, KCA, trend
assessment and recalculations files are done by QA/QC Manager with support of the IT expert.

QA/QC Plan and quality objectives

A QA/QC plan still not developed due to limitation of time. The plan will lay down all procedural and
technical issues to produce an inventory that complies with the reporting obligations. It will also
include a list of data quality objectives, against which the Macedonian inventory can be measured,
such as:

— Transparency

— Accuracy

— Completeness

— Consistency

— Comparability

— Timeliness
Progress in transparency and completeness as well as timeliness is analyzed annually. The analysis is
carried out by counting the total number of data records, as well as those reported as “not estimated”
and “included elsewhere” (for all air pollutants). Then the share of “NE” and “IE” to total data records
is determined. The results of this year’s analysis and a comparison with the previous submission is
shown in Table below. As shown, completeness has been improved since last submission, since activity
data for some sectors were made available.

The timeliness parameter of the IIR containing 2018 emission data was set to 95%, as the IIR report
was submitted after the official deadline of 15" March defined in the CLRTAP Reporting Guidelines
(ECE/EP.AIR/125), due to engagement of the experts in other work overload. Submission of emission
data, i.e. NFR Tables to CEIP was however done in time on 13" February.

For next year’s submission it is planned to submit both, NFR tables and IIR by the set deadlines of the
UNECE CLRTAP Reporting Guidelines.

Table 31 Completeness Analysis 2019

Sector Submission 2019 Submission 2020 Plan Submission 2021

1990 2017 1990 2017 2018 1990 2018 2019

Transparency (IE) 98% 98% 98% 98% 98% 98% 98% 98%
88% 90% 93% 90% 95% 95%

Completeness 0 0 88% 0 93% 0 0 0

(NE)

Completeness (IIR) ~ 273 pages ~ 290 pages ~ 350 pages

- o
Tlmellr?e?s 959* 959+ 100%
(Submission)

Accuracy, consistency and comparability were checked in the course of the EMEP/EEA Reviews.
Recommendations from the Stage 3 reviews (2011, 2016), have been almost fully implemented as can
be seen from sectorial chapters. Those that have not been implemented and will be implemented in
future submission are presented in 9.2.
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The Work flow matrix has been prepared, and the following QA/QC activities were carried out in order

to ensure the quality of the inventory:

Table 32 Annual time schedule

Task

AD collection and QC
input data for all
sectors

Review results
Emissions calculation

QC (general and
category specific)

NFR compilation
NFR submission

Time series reports &
Recalculations & KCA
& UA

IIR sectoral chapters

Preparation of
“Informative
Inventory Report”

QCIR

Approval of
submission

UNECE Submission

Description
Requesting input data
Quality control (QC) input data
Implementation of review recommendations
Estimation of emissions for all sources

Quality Checks of sectoral inventories (category-specific QC):
results, emission trends, recalculations

Compilation of NFR/(aggregated) data tables

Submission of NFR tables

Recalculation Analysis, Key Category Analysis, Uncertainty
Analysis

Compilation of the IIR — updating of methodological issues
Compilation of a draft IIR report

Provide the IIR report for Peer-Review; revision of the IIR
pursuant to comments received or inclusion of
recommendations in planned improvements (both from
reviews and internal comments)

QC of IIR (requirements fulfilled, completeness, etc.)
Official approval of the IIR report

Submission of the IIR

Responsibility
Sector expert
Sector expert

Sector expert
Sector expert

Deputy  sector

expert
Data Manager

QA/QC expert

QA/QC expert

Sector expert

QA/QC expert

Head of Division

QA/QC expert
Head of Unit

NRC

Deadline
April 30
June 30

October 30
October 30

November 30
December 31
February 15

January 31

February 15
February 28

March 1

March 10
March 15

March 15

*These deadlines for preparation and reporting of the IIR will be respected from future submissions. During this reporting round we
usually postponed submission of the IIR until mid-April-beginning of May due to the workload in the Ministry.

Quality control procedures

QC activities are an important component in the annual inventory preparation process. The basic aim

is to ensure the quality of estimates and reporting and to improve the inventory. Sector related QC is

performed by sector experts during (category-specific QC) and after (general QC) the inventory

preparation. General checks relate to calculations and data processing. The completeness of the

inventory is checked to meet the current situation of sources in the country and the pollutants likely

to be emitted. Documentation/archiving of the inventory is applicable to all source categories.

Category-specific quality checks relate to input data, emission data and emission factors.

— Plausibility check of data received from operators (category-specific);
— Analysis of time series data;
— If anything is unclear, questions for clarification are sent to the data provider (category-

specific);

— Assessment of needs for recalculations (category-specific);
— Check of gap filled data/check interpolation and extrapolation methods (category-specific);
— Comparison of country specific emission factors with default values (category-specific);

— Documentation of actions taken in calculation sheets in order to ensure transparency;
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— Comparison of emissions calculated and imported to the NFR template (general);

— Check of consistency within NFR template (general);

— Correct use of notation keys;

— Check if all data sources have a reference (general);

— Correct and complete description of methods.
After finalization of the IIR report, before official approval and submission, the whole report is checked
by the QA/QC manager or some other expert appointed for:

— Completeness of reporting per sector (e.g. all sectors updated);

— Completeness of general reporting (information on recalculations, KCA, UA included);

— Complete citing of references;

— Implementation of improvements;

— Consistency data tables and text in the inventory report;

— Correct and consistent information on key category analysis;

— Explanation of significant trends in the time series.
During this year, the format, consistency and completeness of the inventory before submitted to
UNECE/CEIP tables were checked through REPDAP and corrections were made according to the
received output file from RepDab (RepDab Report). This year minor corrections were proposed by
CEIP.

Quality assurance procedures
The IIR report itself is annually sent for approval by the Head of division and one air quality expert that
have not been included in the preparation process, one week before submission.

The air emission inventory reported under the LRTAP Convention is submitted to the Center of
Emission Inventories and Projections (CEIP). Here, a technical review of national inventories is carried
out, in order to improve transparency, consistency, comparability, completeness and accuracy of
submitted data.

The review consists of three stages, whereby stage 1 and 2 are carried out annually, and the third
stage — the in-depth review — on an irregular basis. Findings in the Stage 1 and 2 review report are
elaborated in the chapter emission trends and recalculations. The Stage 3 review of the Macedonian
Inventory was carried out in 2016. The next planned stage 3 review is during this year and it the
recommendations given will be included in future submissions.

Most of the findings were addressed in the IIR prepared last year but some findings have also been
addressed in the current inventory to the extent possible. Those which were not implemented due to
not available activity data or limited time are presented in the Table for future improvements.

Archiving and documentation

The inventory team uses one server, where all the inventory related information is stored. As far as
possible, important information used as direct input data for calculation is stored electronically (scans
of hardcopies).

Each sector has a common folder system, where calculation files, raw data, references, background
material and inventory report contributions are stored. Whenever a reporting cycle has been finished,
the folders are closed. This is to ensure the reproducibility and transparency of the calculation for a
specific reporting year. Furthermore, after each reporting cycle, all data files, spreadsheets and
electronic documents are archived as ‘read-only-files’, so that they are protected against
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unintentional change and estimates, and can be clearly traced back, e.g. during the review process.

Back-up copies (DVD) of the server are made at regular intervals. Access to files is limited to the

inventory team.

In the next year, the “old” files will be copied, and used as the basis for the new inventory preparation.

This shall ensure consistency in the methods and data used.

Assumptions and methodological issues related to the calculation (e.g. extrapolation or gap filling),

are documented in the respective calculation files. All calculation files, have a sheet called “info” at

the beginning, defining the person responsibility for these calculations, noting the last update, noting

problems encountered, improvements needed, data sources and the status. This is important in order

to document the work, and keep an overview, which is especially essential when one person is
responsible for numerous sectors and categories.

.

4 . N
Requirements
» EMEP/EEA Guidebook
» COPERT Doc.
>
\ J
(" Sector specific data A
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2.6.1. Continuous improvement
The Macedonian inventory is subject to continuous improvement.

. i 1. ,Plan” — inventory planning \
4, ,Act” — inventory improvement

- QA/QC Plan under preparation
. . - Setting quality objectives
- improvements list
- Resourcesmanagement

- setting quality objectives o
. . - methodological improvements
- evaluation of effectiveness of system )
- procedural improvements

W Continuous improvement of N
the Macedonian Air Emission
& Inventory <%
3. ,,Check” — inventory evaluation 2. ,,Do" — inventory preparation
- Quality assurance (UNECE CLRTAP Review) - Data collection
- Quality objectives met? - Emission calculation

- Quality control

- KCA
\ - Documentation and Archiving /

Figure 5 Improvement Cycle

For documentation and monitoring purposes, an improvement list was introduced (updated after each
reporting cycle), where suggestions for improvements are collected and their implementation is
monitored.

The improvement list is filled by the sector experts based on their notes in the calculation sheets.
General (cross-cutting) issues are identified and collected by the project and QA/QC manager in an
own list.

Sources of improvements are CLRTAP review findings, but also improvement ideas from the inventory
experts, or suggestions from outside experts (in the frame of QA). Besides the source, the listincludes
concrete improvement measures, prioritization, and timeline for implementation of the measures as
well as a documentation field for the status of implementation (“finished”).

During an internal inventory team meeting the improvements needed are discussed and prioritized
based on KCA and UCA results.

2.7. General uncertainty evaluation

The uncertainty assessment of the main pollutants (SO,, NOy, NMVOC, NH3 and PM;5) has been carried
out. The assessment was carried out for the base year 1990 and for the year 2018. There is a need of
further trainings on this subject since now the knowledge is limited and excel files developed in the
Twining project are updated on yearly base.

The method for the assessment of uncertainty is described in the “EMEP/EEA air pollutant emission
inventory guidebook 2016” (EEA 2016)”. For the Macedonian uncertainty analysis, the Tier 1 method
was implemented for the main pollutants. By using the error propagation method, the uncertainties
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for a specific source category can be estimated. By combining these uncertainties an overall
uncertainty can be calculated. In order to estimate the overall uncertainty per pollutant, an
uncertainty value for each activity data and emission factor in every sector had to be estimated. This
assessment was based on guidance stated in Table 33 for activity and Table 34 for emission factors.

Table 33 Rating definitions for activity data
Data source Error range
The national (official) statistics -
An update of last year’s statistics, using gross economic growth factors 0-2%

OECD: 2-3%
non-OECD: 5-10%

IEA energy statistics

UN data bases 5-10%

Default values, other sectors and data sources 30-100%
Source: Table 3-1 Rating definitions, Chapter 5 of the EMEP/EEA emission inventory guidebook 2016.

Table 34 Rating definitions for emission factors

Rating Definition Typical Error Range
A An estimate based on a large number of measurements made at a large number of =~ 10 to 30%
facilities that fully represent the sector

B An estimate based on a large number of measurements made at a large number of = 20 to 60%
facilities that represent a large part of the sector

C An estimate based on a number of measurements made at a small number of 50 to 200%
representative facilities, or an engineering judgement based on a number of relevant
facts

D An estimate based on single measurements, or an engineering calculation derived = 100 to 300%

from a number of relevant facts

E An estimate based on an engineering calculation derived from assumptions only order of magnitude

Source: Table 3-2 Rating definitions, Chapter 5 of the EMEP/EEA emission inventory guidebook 2016.

2.7.1. Results

The quantitative assessment was performed with the Tier 1 method for the pollutants SO,, NO;,
NMVOC, NHsand PM;;s, for the year 2018 and the respective level and trend uncertainties. The results
of the uncertainty analysis are presented in following tables.

Table 35 Result of overall uncertainty estimation for the main pollutants SO,, NOy, NMVOC, NH;
and PMz.s

Trend uncertainty 1990 -

Pollutants Emissions 2018 Level uncertainty 2018 2018
SO, 57.9 kt 19.2% 3.5%
NOX 17.4 kt 17.8% 4.5%
NMVOC 28.6 kt 42.8% 14.5%
NHs 9.6 kt 96.6% 22.0%
PM2.5 7.4 kt 98.5% 13.7%

A more detailed presentation of the uncertainties on sectoral level is given in the following tables
below.
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Table 36 Uncertainty estimation of SO, emissions 1990 and 2018

Table 37 Uncertainty estimation of NO, emissions 1990 and 2018

input data input data (G*D)"2/Summe *F JE'sqrt(2)
S02 Input data | Input data Note A Note A (EN2+F°2)(1/2) (D)2 Note B D/Summe( C) Note C Note D K2 + L2

1Ala S02 102,1 53,9] 5,0 20,0 20,62 367,43 0,00 0,49 -0,07 3,49 12,18
1A1lb S02 O.BJ' NO 5,0 20,0 20,62

1A2a S02 = 0,0 10,0 20,0 22,36 0,00 0,00 0,00 0,00 0,00 0,00
1A2b S02 2,1 0,0 10,0 20,0 22,36 0,00 -0,01 0,00 -0,20 0,00 0,04
1A2c S02 0,0 0,0 10,0 20,0 22,36 0,00 0,00 0,00 0,00 0,00 0,00
1A2d S02 03 0,0 10,0 20,0 22,36 0,00 0,00 0,00 -0,03 0,00 0,00
1A2e S02 02 0,0 10,0 20,0 22,36 0,00 0,00 0,00 -0,02 0,00 0,00
1A29g8 S02 0,4] 2,6 10,0 20,0 22,36 1,01 0,02 0,02 0,44 0,34 0,30
1A3a S02 0,0 0,0 10,0 20,0 22,36 0,00 0,00 0,00 0,00 0,00 0,00
1A3b S02 0.7 0,9 10,0 20,0 22,36 0,13 0,01 0,01 0,11 0,12 0,03
1A3d S02 0,0 0,0 10,0 20,0 22,36 0,00 0,00 0,00 0,00 0,00 0,00
1A4a S02 0,2 0,2 10,0 20,0 22,36 0,00 0,00 0,00 0,02 0,02 0,00
1A4b S02 0.4 0,2 20,0 20,0 28,28 0,01 0,00 0,00 -0,01 0,05 0,00
1A4c S02 0,2 0,0 10,0 20,0 22,36 0,00 0,00 0,00 -0,01 0,00 0,00
1B2a S02 08 = 10,0 20,0 22,36 0,00 0,00 0,00 -0,07 0,00 0,01
1B2c S02 0,0 NO 20,0 20,0 28,28

5C S02 0,0 0,0 10,0 200,0 200,25 0,00 0,00 0,00 0,00 0,00 0,00

input data input data (G*D)"2/Summe i~ JErsqrt(2)
NOX Input data | Input data Note A Note A (EN2+F22)7(1/2) (D2 Note B D/Summe( C) Note C Note D KA2 + 12

1Ala NOX 23,8 51 5.0 20,0 20,62 36,61 -0,10 0,12 -2,00 0,83 4,68
1A1b NOX 0,3 NO| 50 20,0 20,62

1A2a NOX = 0,1 10,0 40,0 41,23 0,03 0,00 0,00 0,07 0,02 0,01
1A2b NOX 0,7 0,0 10,0 40,0 41,23 0,00 -0,01 0,00 -0,24 0,01 0,06
1A2c NOX 01 0,0 10,0 40,0 41,23 0,01 0,00 0,00 0,01 0,01 0,00
1A2d NOX 0,1 0,0 10,0 40,0 41,23 0,00 0,00 0,00 -0,01 0,00 0,00
1A2e NOX 09 03 10,0 40,0 41,23 0,67 0,00 0,01 0,00 011 0,01
1A2g7 NOX 3,7 0,8 10,0 40,0 41,23 3,87 -0,01 0,02 -0,59 0,27 0,43
1A2g8 NOX 2,0 2,0 10,0 40,0 41,23 21,84 0,03 0,05 1,08 0,64 1,57
1A3a NOX 03 05 10,0 40,0 41,23 127 0,01 0,01 0,32 0,15 0,13
1A3b NOX 8,9 6,7 10,0 40,0 41,23 248,30 0,07 0,15 2,85 2,16 12,80
1A3c NOX 0,4] 0,1 10,0 40,0 41,23 0,07 0,00 0,00 -0,03 0,04 0,00
1A3d NOX 0,0] 0,0 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A4a NOX 0,1 05 10,0 40,0 41,23 1,68 0,01 0,01 0,45 0,18 0,23
1A4b NOX 08 04 20,0 40,0 44,72 1,14 0,00 0,01 0,08 0,27 0,08
1A4c NOX 0.8 03 10,0 40,0 41,23 0,45 0,00 0,01 -0,02 0,09 0,01
1B2a NOX 03 = 10,0 40,0 41,23 0,00 0,00 0,00 -0,11 0,00 0,01
1B2c NOX 0,0 NO 20,0 40,0 44,72

2G NOX 0,0] 0,0 20,0 40,0 44,72 0,00 0,00 0,00 0,00 0,01 0,00
3B1 NOX 0,0 0,0 53 40,0 40,35 0,01 0,00 0,00 0,02 0,01 0,00
3B2 NOX 0,0] 0,0 10,2 40,0 41,28 0,00 0,00 0,00 0,00 0,00 0,00
3B3 NOX 0,0 0,0 6,1 40,0 40,46 0,00 0,00 0,00 0,00 0,00 0,00
3B4 NOX 0,0] 0,0 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
3Da NOX 03 0.4 50,0 40,0 64,03 1,81 0,01 0,01 0,24 0,59 0,41
5C NOX 0,1 0,0 10,0 200,0 200,25 0,25 0,00 0,00 0,10 0,01 0,01

Page 69 Republic of North Macedonia INFORMATIVE INVENTORY

REPORT



Table 38: Uncertainty estimation of NMVOC emissions 1990 and 2018

Table 39 Uncertainty estimation of NH3; emissions 1990 and 2018

input data input data (G*D)"2/Summe *F JE'sqrt(2)
NMVOC Input data | Input data Note A Note A (EN2+F°2)N(1/2) (D)2 Note B D/Summe( C) Note C Note D K2 + 112

1Ala NMVOC 0,1 0,1 5,0 200,0 200,06 0,19 0,00 0,00 0,04 0,01 0,00
1A1lb NMVOC 0,0 NO 5,0 200,0 200,06

1A2a NMVOC = 0,0 10,0 200,0 200,25 0,03 0,00 0,00 0,10 0,01 0,01
1A2b NMVOC 02 0,0 10,0 200,0 200,25 0,00 0,00 0,00 -0,54 0,00 0,29
1A2c NMVOC 0,0 0,0 10,0 200,0 200,25 0,00 0,00 0,00 0,00 0,00 0,00
1A2d NMVOC 0,0 0,0 10,0 200,0 200,25 0,00 0,00 0,00 -0,07 0,00 0,00
1A2e NMVOC 0,1 0,1 10,0 200,0 200,25 0,30 0,00 0,00 0,19 0,02 0,04
1A297 NMVOC 0.4 0,1 10,0 40,0 41,23 0,02 0,00 0,00 -0,12 0,03 0,01
1A2g8 NMVOC 0,1 0,3 10,0 40,0 41,23 0,17 0,00 0,01 0,19 0,09 0,04
1A3a NMVOC 0,0 0,0 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A3b NMVOC 148 24 10,0 40,0 41,23 11,95 -0,13 0,05 -5,32 0,71 28,85
1A3c NMVOC 0,0 0,0 10,0 40,0 41,23 0,00 0,00 0,00 -0,01 0,00 0,00
1A3d NMVOC 0,0 0,0 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A4a NMVOC 0,0 0,1 10,0 40,0 41,23 0,02 0,00 0,00 0,07 0,03 0,01
1A4b NMVOC 10,5, 53 20,0 40,0 44,72 68,39 -0,02 0,11 -0,79 312 10,36
1A4c NMVOC 0,1 0,1 10,0 40,0 41,23 0,01 0,00 0,00 -0,01 0,02 0,00
1Bla NMVOC 13 10 10,0 20,0 22,36 0,61 0,00 0,02 0,09 0,29 0,09
1B2a NMVOC 14 17 10,0 20,0 22,36 1,86 0,02 0,04 0,37 0,51 0,40
1B2c NMVOC 0,0 NO| 20,0 20,0 28,28

2A3 NMVOC 0,0 NO 10,0 40,0 41,23

2C1 NMVOC 01 0,0 2,0 1250 125,02 0,02 0,00 0,00 -0,11 0,00 0,01
2D NMVOC 9.8 84 20,0 1250 126,59 1.393,55 0,05 0,18 6,76 4,97 70,37
2G NMVOC 05 0,2 20,0 40,0 44,72 0,06 0,00 0,00 -0,13 0,09 0,03
2H NMVOC 12 0,7 20,0 40,0 44,72 1,06 0,00 0,01 -0,02 0,39 0,15
3B1 NMVOC 2,6 25 53 40,0 40,35 12,16 0,02 0,05 0,75 0,39 0,72
3B2 NMVOC 04 0,1 10,2 40,0 41,28 0,03 0,00 0,00 -0,09 0,04 0,01
3B3 NMVOC 01 0,1 6,1 40,0 40,46 0,04 0,00 0,00 0,05 0,02 0,00
3B4 NMVOC 16 05 10,0 40,0 41,23 0,45 -0,01 0,01 -0,42 0,14 0,20
3Da NMVOC 11 ALl 50,0 40,0 64,03 591 0,01 0,02 0,34 1,60 2,68
5A NMVOC 14 3.9 50,0 1250 134,63 333,18 0,06 0,08 7,93 5,72 95,58
5C NMVOC 0,0 0,0 10,0 125,0 125,40 0,01 0,00 0,00 0,01 0,00 0,00

input data input data (G*D)"2/Summe *F JE'sqrt(2)
NH3 Inputdata_| Input data Note A Note A (EN2+F°2)N(1/2) (D)2 Note B D/Summe( C) Note C Note D K2 + "2

1A297 NH3 0,0 0,0 10,0 125,0 125,40 0,00 0,00 0,00 0,00 0,00 0,00
1A3b NH3 - 0,1 10,0 1250 125,40 1,58 0,01 0,01 0,76 0,09 0,59
1A3c NH3 0,0 0,0 10,0 1250 125,40 0,00 0,00 0,00 0,00 0,00 0,00
1A4b NH3 11 0,5 20,0 1250 126,59 50,64 -0,01 0,03 -1,05 0,97 2,05
1A4c NH3 0,0 0,0 10,0 1250 125,40 0,00 0,00 0,00 0,00 0,00 0,00
1B2a NH3 0,0 - 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
2A3 NH3 0,0 NO| 10,0 40,0 41,23

3B1 NH3 31 3,0 53 1250 125,11 1.488,54 0,07 0,19 8,55 141 75,02
3B2 NH3 0,9 0,3 10,2 125,0 125,42 14,31 -0,02 0,02 -2,13 0,27 4,62
3B3 NH3 038 0,9 6,1 1250 125,15 136,69 0,02 0,06 3,09 0,49 9,81
3B4 NH3 24| 0.7 10,0 1250 125,40 84,58 -0,05 0,04 5,97 0,63 36,01
3Da NH3 7,3 4,1 50,0 200,0 206,16 7.556,77 -0,03 0,26 -5,12 18,19 357,09
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Table 40 Uncertainty estimation of PM2.5 emissions 1990 and 2018

Member State: MK
Reporting year: 2018
Uncertainty in
trend in
national
emissions | Uncertainty in trend
introduced by in national
Emission Contribution emission emissions Uncertainty
Activity data factor to variance by factor / introduced by introduced into the
Base year Year t uncertaintv | uncertaintv Combined category in Type A Type B estimation activity data trend in total
NRF sector ™ |Pollutan  |emissiol * [emissiol ™ (1) - (1) = | uncertaint -T year x__~ | sensitivi * | sensitivi ” | paramete ™ uncertainty (3) ~ | national emissior ™
Mg Mg % % % % % % % % %
input data input data (G*D)"2/Summe FF JEsqrt(2)
PM2.5 Input data_| Input data Note A Note A (Er2+F"2)7(1/2) (D)2 Note B D/ISumme( C) Note C Note D K2 + "2
1Ala PM2.5 35 0,1 50 125,0 125,10 3,50 -0,02 0,00 -2,64 0,02 6,95
1A1b PM2.5 0,0 NO| 50 40,0 40,31
1A2a PM2.5 - 0,0 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A2b PM2.5 0,3 0,0 10,0 40,0 41,23 0,00 0,00 0,00 -0,07 0,00 0,01
1A2c PM2.5 0,0 0,0 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A2d PM2.5 0,0 0,0 10,0 40,0 41,23 0,00 0,00 0,00 -0,01 0,00 0,00
1A2e PM2.5 0,1 0,0 10,0 40,0 41,23 0,05 0,00 0,00 0,03 0,02 0,00
1A2g7 PM2.5 0,2 0,1 10,0 125,0 125,40 0,83 0,00 0,00 0,00 0,02 0,00
1A2g98 PM2.5 0,1 03 10,0 125,0 125,40 26,46 0,01 0,01 1,10 0,13 1,23
1A3a PM2.5 0,0 0,0 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A3b PM2.5 0,0 03 10,0 40,0 41,23 2,98 0,01 0,01 0,37 0,13 0,15
1A3c PM2.5 0,0 0,0 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A3d PM2.5 0,0 0,0 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A4a PM2.5 0,0 0,1 10,0 125,0 125,40 112 0,00 0,00 0,22 0,03 0,05
1A4b PM2.5 118 5,7 20,0 125,0 126,59 9.646,20 0,09 0,18 11,73 5,00 162,52
1A4c PM2.5 0,0 0,0 10,0 125,0 125,40 0,21 0,00 0,00 0,06 0,01 0,00
1Bla PM2.5 0,0 0,0 10,0 200,0 200,25 0,66 0,00 0,00 0,13 0,01 0,02
1B2a PM2.5 0,0 - 10,0 200,0 200,25 0,00 0,00 0,00 -0,01 0,00 0,00
2A1 PM2.5 0,1 0,0 2,0 200,0 200,01 0,57 0,00 0,00 0,08 0,00 0,01
2A2 PM2.5 0,0 0,0 50 200,0 200,06 0,02 0,00 0,00 -0,01 0,00 0,00
2A3 PM2.5 0,0 NO 10,0 200,0 200,25
2A5 PM2.5 0,0 0,1 10,0 200,0 200,25 2,13 0,00 0,00 0,27 0,02 0,07
2C1 PM2.5 0,1 NE| 2,0 40,0 40,05
2C2 PM2.5 14,7 0,0 5.0 40,0 40,31 0,03 -0,10 0,00 -4,07 0,01 16,56
2C3 PM2.5 0,0 0,0 2,0 40,0 40,05 0,00 0,00 0,00 0,00 0,00 0,00
2C5 PM2.5 0,2 0,0 50 40,0 40,31 0,00 0,00 0,00 -0,06 0,00 0,00
2C6 PM2.5 0,0 NO 5.0 40,0 40,31
2D PM2.5 0,0 0,0 20,0 40,0 44,72 0,00 0,00 0,00 -0,01 0,00 0,00
2G PM2.5 0,7 03 20,0 40,0 44,72 3,53 0,00 0,01 0,18 0,27 0,11
3B1 PM2.5 0,1 0,1 53 200,0 200,07 4,21 0,00 0,00 0,35 0,02 0,13
3B2 PM2.5 0,0 0,0 10,2 200,0 200,26 0,11 0,00 0,00 0,02 0,01 0,00
3B3 PM2.5 0,0 0,0 6,1 200,0 200,09 0,13 0,00 0,00 0,06 0,00 0,00
3B4 PM2.5 0,1 0,0 10,0 200,0 200,25 1,54 0,00 0,00 0,08 0,02 0,01
3Da PM2.5 0,1 0,1 50,0 200,0 206,16 4,46 0,00 0,00 0,36 0,17 0,15
5A PM2.5 0,0 0,0 50,0 200,0 206,16 0,00 0,00 0,00 0,00 0,00 0,00
5C PM2.5 0,1 0,1 10,0 200,0 200,25 2,16 0,00 0,00 0,24 0,02 0,06
Uncertainty in
total inventory
Total Uncertainties %: 98,49 Trend uncertainty %: 13,71

2.7.2. Background information

ENERGY

For the calculation of the energy balance, the methodology “Energy Statistics Methodology, Eurostat
F4, 1998" is used. The Energy balance is prepared in accordance with Regulation No 1099/2008 on
energy statistics.

a) Energy balance 2018
The data for the whole year 2018 has been taken from the State Statistical Office (SSO).

In the preparation of the balance of network energy (electricity and gas), predictions and forecasts of
consumption and losses in the systems were used. The data was obtained from the operators and
anticipated needs of large customers, as well as forecasts for production of electricity generators.

The data for crude oil and petroleum products, and coal (coke, lignite and coal) was obtained from
manufacturers, importers of energy (traders and/or large consumers).

Households

The estimates in the survey on energy consumption in households during 2014, are generally in the
form of totals and averages. The scope of estimation is the total number of households in Republic of
North Macedonia divided between the eight statistical regions. The estimation procedures of SECH
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data were performed by weighting the probabilities of a sample selection, with a certain adjustment
for non-response to the survey and calibrating the weight, according to population estimates from the
regional demographic distributions by sex and five-year age groups, as well as the estimated number
of households in the regions. Calculations were performed in SAS 9.1 using the CALMAR module for
calibrating weights. The non-response rate in SECH 2014 is 6.5% and the refusal rate is 3.6%. Because
of calculations of the sample and rounding up calculated results to one number, sometimes deviations
are possible in the total of the results, obtained by summing up individual items. The survey results
effect the activity data on biomass consumption for 2015 and onwards within the energy balance.

Transport

Data sources for road transport statistics are the regular monthly and annual reports submitted by
business entities, whose main activity according to National Classification of Activities is road
transport. Data on the number of registered road motor vehicles, type of vehicles and year of
production, vehicle by type of fuel, road traffic accidents and data on cross-border traffic of
passengers and vehicles, are taken from the Ministry of Internal Affairs. Data on road network are
taken from the Agency for State Roads, while the data on local road network are obtained from the
units of local self-government (municipalities). Regular cross-border passenger traffic is performed on
the basis of regular international travel documents for passengers and vehicles, without restriction on
final destination. Small-scale border traffic of passengers is performed based on bilateral agreements
with neighboring countries, only in areas covered by the agreements.

Industry

The State Statistical Office of the Republic of North Macedonia, in cooperation with the regional
statistical offices, has collected data included in this chapter from the existing records of the
enterprises and their units distributed in the field of industry. This data is covered in the Monthly
Industrial Report and the Annual Industrial Report. The data from the Monthly Industrial Report are
the basis for calculating the indices of the production, stocks and the employees. The data on the
industrial production in natural indicators are collected by the Annual Industrial Report. The coverage
goes until 1999 in the Monthly Industrial Report and until 1998 in the Annual Industrial Report; data
on industry were collected according to the Uniform Classification of Economic Activities (UCEA); since
1999 and 2001 in the Annual Industrial Report and the Monthly Industrial Report, respectively, data
are collected according to the National Classification of Activities NKD Rev.1. In 2010, in the Annual
Industrial Report for 2009, the National Classification of Activities NKD Rev.2 and the National
Nomenclature of Industrial Products NNIP 2008, were implemented. All business entities with 10 and
more employees in main, auxiliary or supporting manufacturing activities are included.

Agriculture

The estimates in the Livestock Survey are in the forms of totals and ratios. The domain of estimates is
the whole country and the eight regions. Sample selection weights were used in the estimation
procedures of the 2016 Livestock Survey, with certain adjustments made regarding the survey non-
response rate. The errors are calculated as relative errors. All calculations were made with the SAS
statistical software package. The non-response rate in the Livestock Survey 2016 was 5.3%. The
following table shows the calculated relative errors of the main categories of livestock in the survey
for 2016. For 2018 data are gathered from MAKSTAT database. There are no available data for
uncertainty since these data are no longer published.
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Table 41 Relative errors of livestock survey 2015

Relative errors Cattle Pigs Sheep Poultry Goats
Republic of North 5.3 6.1 10.2 7.7 9.4
Macedonia

Waste

Municipal waste is waste collected by, or on behalf of municipal authorities. It consists of waste from

the households, including the massive waste, similar waste from commercial and trade industries,

official buildings, institutions and small business, waste from gardens, street waste, the content of

waste containers and the waste from market cleaning. The definition excludes waste from the

municipal sewage networks, and the waste from construction and demolition. The data presented

here were obtained through the regular annual statistical survey on municipal waste, which was

carried out in 2009 (reference year 2008) for the first time, in accordance with the national legislation

and European standards. Reporting units are the municipal enterprises in Republic of North

Macedonia. Data on the total amount of collected municipal waste, as well as data on the treatment

of collected municipal waste, have been obtained on the basis of the reports filled in by the reporting

units. On the basis of the obtained data and the data on the number of population, an estimation has

been made of the total generated municipal waste on the territory of the Republic of North

Macedonia. The obtained indicator of the annual amount of municipal waste per person in kg is a ratio

of the total annual amount of generated municipal waste and the total population estimated for the

reference year (as at 01.01. in the reference year).

2.8.

General assessment of completeness

Notation keys are used according to the revised 2014 Reporting guidelines (ECE/EB.AIR.125) (see table
below), to indicate where emissions are not occurring in North Macedonia, where emissions have not
been estimated or have been included elsewhere as suggested by GB 2009/2013/2016/2019.

Table 42 Notation keys used in the NFR

Abbreviation| Meaning Objective

NA

NE

NO

NR

not is used for activities in a given source category which are believed not to result in significant emissions of a
applicable specific compound;
for activity data and/or emissions by sources of pollutants which have not been estimated but for which a
corresponding activity may occur within a Party. Where NE is used in an inventory to report emissions of
pollutants, the Party should indicate in the IIR why such emissions have not been estimated. Furthermore, a
Party may consider that a disproportionate amount of effort would be required to collect data for a pollutant
from a specific category that would be insignificant in terms of the overall level and trend in national emissions
and in such cases use the notation key NE. The Party should provide in the IIR justifications for their use of NE
notation keys, e.g., lack of robust data, lack of methodology, etc. Once emissions from a specific category have
been reported in a previous submission, emissions from this specific category should be reported in subsequent
inventory submissions;
For emissions by sources of pollutants estimated but included elsewhere in the inventory instead of under the
included expected source category. Where IE is used in an inventory, the Party should indicate, in the IIR, where in the
elsewhere inventory the emissions for the displaced source category have been included, and the Party should explain
such a deviation from the inclusion under the expected category, especially if it is due to confidentiality;
(Confidential information), for emissions by sources of pollutants of which the reporting could lead to the
confidential disclosure of confidential information. The source category where these emissions are included should be
indicated;
not occurringfor categories or processes within a particular source category that do not occur within a Party;
According to paragraph 37 in the Guidelines, emission inventory reporting for the main pollutants should cover
all years from 1990 onwards if data are available. However, NR is introduced to ease the reporting where
reporting of emissions is not strictly required by the different protocols, e.g., emissions for some Parties prior
to agreed base years.

not
estimated

not relevant
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2.8.1. Sources not estimated (NE)

Table 43 Number of “not estimated” (NE) per sector and pollutant in 2018

"NOx

(as NO2) "
NMVOC
"SOx

(as SO2)"
NH3
PM2.5
PM10
TSP

BC

co

Pb

Cd

Hg

As

Cr

Cu

Ni

Se

Zn
"PCDD/ PCDF

(dioxins/ furans)"

Energy

N

w w r v N

10

15
13

o v o un oun

12

Fugitives

W W W W W W W W N W N NN WwWDN

IPPU

19

14
11
20
19
11
11
11
12

11

18

Agriculture

16
20
20
21
21
21
21
21
21
21

21

21

Waste

0 N NN NN NN oo o

Other

O O O O O O O O O o o o o o o

0

Not estimated categories are due to not available activity data in the country, mainly for historical
emissions due to the fact that statistical data are now more detail and not summarized as previously.

For some categories there are no available EF to make the calculations.

2.8.2. Sources included elsewhere (IE)

Table 44 Number of “included elsewhere” (IE) per sector and pollutant in 2018

Pollutant
NOx
(as NO2)

NMVOC
SOx
(as SO2)

NH3
PM2.5
PM10
TSP
BC

co

Pb

Energy

o

o O o o o o o o

Fugitives

o

OO O o o o o o o

IPPU

=

e e N L e L

Agriculture

w

O O O R, KRB R Rk Rk
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Pollutant Energy | Fugitives IPPU Agriculture = Waste Other

Ccd 0 0 1 0 0 0
Hg 0 0 1 0 0 0
As 0 0 1 0 0 0
Cr 0 0 1 0 0 0
Cu 0 0 1 0 0 0
Ni 0 0 1 0 0 0
Se 0 0 1 0 0 0
Zn 0 0 1 0 0 0
PCDD/ PCDF

(dioxins/ furans) 0 0 1 0 0 0
PAHs (Total 1-4) 0 0 1 0 0 0
HCB 0 0 1 0 0 0
PCBs 0 0 1 0 0 0

The notation key -"included elsewhere” (IE) is used in those source categories for which activity data
are not available in the required details in the statistical yearbooks but have been included in other
source categories. For example in case of category 1.A.5.b there are available data for the last three
years , while emissions from the previous years are noted as IE. For category 1.A.4.aii, there are
available data for the period 2005-2018 while for the previous years emissions are noted as IE.
Abbreviation IE is used in cases where there is a lack on historical activity data.
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3. EMISSION TRENDS

This chapter describes the trends and the drivers of the air pollutants required for the report.

3.1. Emission Trends for the Main Air Pollutants and CO

National total emissions and trends for the main air pollutants (NOx, NMVOC, SO, and NHs) and CO,
which are covered by the Gothenburg Protocol, from 1990-2018 are presented in the following table.

Table 45 Emission trends 1990 — 2018 for the main air pollutants and CO

Emission in kt

Vear NOX NMVOC SO, NHs co

1990 45.47 48.21 110.54 15.80 132.46
1991 37.63 42.39 89.54 14.83 111.59
1992 39.46 44.56 86.85 14.94 123.49
1993 40.93 46.55 89.47 15.26 133.33
1994 36.74 41.58 89.03 15.20 120.88
1995 39.29 44.25 95.22 14.99 125.25
1996 38.57 44.00 88.82 13.95 123.20
1997 37.89 45.07 93.07 13.53 126.31
1998 43.18 45.00 107.67 13.23 128.76
1999 40.43 45.86 97.88 13.41 131.78
2000 43.76 48.04 106.28 13.49 144.19
2001 40.76 40.35 108.33 12.74 113.29
2002 40.81 39.44 96.25 12.12 115.13
2003 35.82 39.14 94.89 12.06 116.22
2004 37.14 39.51 96.17 12.16 121.31
2005 39.52 37.86 96.56 11.57 114.75
2006 37.73 39.42 94.19 11.92 117.27
2007 40.54 39.66 99.23 11.57 112.52
2008 36.01 43.47 77.99 11.74 123.24
2009 39.40 44.02 104.53 11.06 132.95
2010 41.35 36.74 86.53 11.30 113.74
2011 43.65 39.17 106.15 11.61 120.25
2012 39.49 34.69 91.56 10.31 89.96
2013 33.37 33.55 82.68 10.33 90.03
2014 20.33 29.30 83.19 10.28 62.00
2015 20.29 29.91 76.79 10.34 64.58
2016 20.84 29.10 64.62 10.41 67.15
2017 19.54 30.07 55.92 10.21 56.66
2018 18.51 28.95 60.95 9.79 56.05

Trend 1990-2018 -59% -40% -45% -38% -58%
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3.1.1. NOx emissions

Emission trend

In 1990 national total NOx emissions amounted to around 45 kt. Since then the emissions decreased
by 59%. In 2018 emissions were on the level of about 18 kt. The reasons for the decrease are
essentially to be found in the significantly declining emissions from the energy sector (Public electricity
and heat production) and manufacturing industries. The sharp fall of emissions between 2012 and
2014 is owned to the lower consumption of coal in the major power plants and the modernization of
boilers in the power plant REK Bitola. In the period 20162018, the decrease of emissions is due to
shorter operation of the second power plant REK Oslomej and the decrease of coal consumption
necessary for electricity production.
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Figure 6 National total NOx emissions 1990-2018

The target value for NOx according to the Gothenburg Protocol for the year 2010 is 39 kt. Republic of
North Macedonia which is party to the UNECE Gothenburg protocol since 2014 regularly meets that
target value and starting from this year the emissions trend is stable. The country is also in compliance
with the Protocol in controlling the nitrogen oxides or their trans-boundary fluxes, meaning that NOx
emissions in 2018 are less than the NOx emissions reported for 1987. With regards to LCPs, according
to the NERP prepared under Energy community agreement, the emissions from LCPs were below
national emission ceiling for 2018, which is 15,505 Gg.

Main emission sources in North Macedonia

Almost all NOx emissions are coming from the sector Energy. Namely, the main emission sources in
2018 are NFR source categories: 1.A.3 Transport, 1.A.1 Energy Industries and 1.A.2 Manufacturing
Industries and Construction which contributed with 21% (39% in 1990), 28% (53% in 1990) and 24%
(20% in 1990) respectively, of the national total NOx emissions. Due to the increase of the number of
vehicles during the reporting period and the lower consumption of coal as well as heavy fuel oil during
the reporting period, the primary source of emissions in 2018 is found to be transportation, as
opposed to 1990, when the energy sector and heat production were the largest source of emissions.
The Contribution of NFR source category 1.A.2 Manufacturing Industries is 24%, and has not changed
significantly in comparison to the value in 1990 of 20%.NFR sectors 1.B Fugitive emissions. 2 Industrial
Processes and Product Use, 3 Agriculture and 5 Waste are minor sources of NOx emissions.
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Figure 7 NOx emissions in North Macedonia 1990-2018 by sectors
3.1.2. NMVOC emissions

Emission trend

In 1990, the total national NMVOC emissions amounted to about 48 kt. Compared to 2018, the
emissions are down by 40% amounting to around 28.95 kt. Main reasons for the decrease are the
declining emissions from industrial processes. From 2017 to 2018 emissions decreased only by 4%,
also due to the reduced emissions coming from 1.A.4 Other Sectors (mainly residential heating).
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Figure 8 National total NMVOC emissions 1990-2018
Target value for NMVOC according to Gothenburg Protocol for year 2010 is 30 kt NMVOC. The
emissions in 2018 are below the target value. The country is also in compliance with the Protocol on
the control of volatile organic compounds or their transboundary fluxes since 1988, NMVOC emissions
(44 kt) in 2018 are reduced by 40% compared to 1988.

Main emission sources in North Macedonia

NMVOC emissions are emitted from different sources. The key category source in 2018 are NFR source
categories is 2 Industial pollution, contributing with 32% (24% in 1990) followed by 1.A.4 Other Sectors
(mainly residential heating), which contributed with 19% (22% in 1990), to the national total NMVOC
emissions. NFR source category 1.A.3 Transport contributed with 8% in 2017 (31% in 1990) of total
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calculated national NMVOC emissions. Agriculture is contributing with around 15%, while waste and
fugitive emissions are impacting the NMVOC emission with around 13% and 9% respectively.

NFR categories 1.A.1.a, 1.A.1.b and 1.A.5.b are minor sources of NMVOC emissions.
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Figure 9 NMVOC emissions in North Macedonia 1990-2018 by sectors
3.1.3. SO; emissions

Emission trend

In 1990, the national total SO, emissions amounted to 110 kt. In the period 2011-2018 there was a
decrease of emissions due to the decrease of coal consumption and lower capacity of work of the
second largest (by capacity) power plant REK Oslomej (from 12 to 5 months), attributed to limited
amounts of coal.
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Figure 10 National total SO, emissions 1990-2018
North Macedonia is a party to the three protocols concerning sulfur. The emissions of sulfur dioxide
are below the base year 1990 emissions and the respective ceiling in 2010, which reflects compliance
with the 1994 Protocol on further reduction on sulfur and the Gothenburg protocol. The emissions in
2018 in the Republic of North Macedonia were around 40%(61 Gg SOx) below the national ceiling
value (110 Gg SOx).
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The country is in non-compliance with the 1985 Protocol on reduction of sulfur emissions or their
transboundary transmission by at least 30 percent, because the emissions have not been reduced by
the designated percentage between now and 1980. Due to the fact that the major source of this
pollutant is power production, compliance with the oldest protocol on sulfur is expected to be
achieved with installation of a desulfurization unit in the Power plant REK Bitola. According to the
agreement with the Energy community, the compliance with SOx emission limit values, which will also
mean compliance with the protocol, should be reached with implementation of a desulfurization unit,
that should be implemented in accordance with the time dynamics set in the revised National Plan for
reduction of emissions from large combustion plants approved by the Government in April 2017.
Unfortunately, SOx emissions in 2018 have reached values above the emission ceiling defined in the
NERP due to the fact that desulfurization unit is still not implemented in the major power plant.
Namely, in 2018 our country did not reach compliance once more with the oldest Sulfur protocol. With
regards to LCPs, the emissions in 2018 were not below national emission ceiling of 15,855 Gg,
indicating that compliance with the set limit values was not reached.

Main emission sources in North Macedonia

Almost all SO, emissions are resulting from Energy sector. Consequently, the main emission source in
2018 is as expected NFR source category 1.A.1 Energy Industries (Public electricity and heat
production), which contributed with 88% (93% in 1990) of the national total SO, emissions. About 9%
(5% in 1990) of the total emissions are stemming from NFR source category 1.A.2 Manufacturing
Industries.

Other NFR sectors produce minor SO, emissions.
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Figure 11 SO, emissions in North Macedonia 1990-2018 by sectors
3.1.4. NHs emissions

Emission trend
In 1990 national total NH3; emissions, amounted to about 16 kt. In 2018, the emissions were down by
38% compared to 1990, amounting to 9.78 kt. Main reasons for the decline are decreasing emissions
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from Agriculture (Manure Management) related to decreasing livestock numbers. From 2017 to 2018
emissions decreased by 4%.
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Figure 12 National total NH; emissions 1990-2018
Emissions of NH; are well below the respective ceiling. Emissions in 2018 were 18% below national
ceiling value (12 Gg NHs).

Main emission sources in North Macedonia

NH; emissions are mainly resulting from the Agriculture sector contributing with 91% (92% in 1990)
to national total NH; emissions. Within Agriculture sector, NHs; is almost exclusively emitted by source
category 3.B Manure Management (55% in 2018) and emissions from cattle (33%).

About 6% (7% in 1990) of the total emissions are stemming from NFR source category 1.A.4 Other
Sectors (residential heating).

NFR sectors 1.B Fugitive emissions. 1.A.3 Transport and 2. Industrial processes are minor sources of
NHs emissions.
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Figure 13 NH; emissions in North Macedonia 1990-2018 by sectors
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3.1.5. CO emissions

Emission trend

In 1990 the national total CO emissions amounted to 132.46 kt. The decreasing trend started in 2010
and could be attributed to lower solid fuel consumption in 1.A.4 sector. In 2018, the emissions
decreased by 58% and amounted to 56.05 kt. From 2017 to 2018 emissions decreased only by 1%.
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Figure 14 National total CO emissions 1990-2018

Main emission sources in North Macedonia

Almost all CO emissions are resulting from the Energy sector. As a Result, the main emission sources
in 2018 are NFR sectors 1.A.4 Other Sectors (residential heating) and 1.A.3 Transport, contributing
with 59% (51% in 1990) and 21% (39% in 1990) following by 1.A.2 Manufacturing Industries to the
national total with 11% (4% in 1990). Further smaller emission sources in 2018 are 5 Waste and 1.A.1
Energy Industries with shares 6% and 2% respectively.

NFR sectors 1.B Fugitive emissions, 2 Industrial Processes and Product Use and 1A.5.0ther sources are
considered as minor sources of CO emissions.
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Figure 15 CO emissions in North Macedonia 1990-2018 by sectors
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3.2. Emission Trends for Particulate Matter

Particulate Matter emissions in North Macedonia mainly originate from energy industries, residential
heating and industrial processes. Emission trends and the main sources are described in more detail
for PM10. PM2.5 and TSP in the following sections.

Table 46 Emission trends for particulate matter 1990-2018

Year Emissions
PM10 [kt] PM2.5[kt] TSP [kt] BC [kt]
1990 48.28 32.70 57.66 3.02
1991 42.34 28.65 50.23 2.63
1992 50.63 34.99 59.34 3.29
1993 45.03 31.33 52.81 2.92
1994 42.62 29.30 50.23 2.66
1995 43.25 29.58 51.17 2.69
1996 47.20 32.45 55.86 3.01
1997 45.86 31.53 53.86 2.86
1998 52.36 35.94 62.10 3.29
1999 45.13 31.16 53.68 2.82
2000 43.62 30.05 54.01 2.72
2001 27.69 18.25 34.08 1.46
2002 28.01 18.72 33.87 1.63
2003 41.87 29.00 49.91 2.60
2004 45.48 31.47 54.51 2.86
2005 41.25 28.03 50.24 2.59
2006 38.84 26.62 46.88 2.43
2007 31.14 20.84 38.14 1.85
2008 34.20 23.88 41.70 2.20
2009 29.49 19.97 37.72 1.71
2010 36.00 23.57 41.17 2.18
2011 42.29 28.53 52.86 2.59
2012 32.77 20.69 42.05 1.85
2013 37.70 24.40 48.74 2.23
2014 26.13 16.65 33.39 1.49
2015 22.26 13.29 25.11 1.32
2016 19.61 11.81 21.81 1.18
2017 13.66 8.60 14.85 0.76
2018 14.27 8.64 15.66 0.77
Trend 1990-2018 -70% -74% -73% -74%
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3.2.1. PM10 emissions

Emission trend

In 1990, national total PM10 emissions amounted to 48 kt. Since then, the emissions are continuously
decreasing, reaching a level of 14,27kt in 2018 or a decrease of 70% compared to 1990. The main
reason for the decrease are declining emissions from Industrial Processes (Ferroalloys Production),
but also decreased use of solid fuels since 2013. Namely the deep presented in the period 2001-2002
is due to limited operation of Ferroalloys production industry. The Ferroalloys production has
decreased as a consequence of a limited capacity of an installation producing ferrosilicon, between
the end of 2014 and during 2015. This installation did not fulfill the obligation regulated in the IPPC
license for installation of a filter for reduction of dust emissions. Additionally, this installation has been
closed in November 2016 due to non-compliance with the activities for air quality protection set down
in the IPPC permit referring to installation of dust filter.
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Figure 16 National total PM10 emissions 1990-2018

Main emission sources in North Macedonia

The main emission sources for PM10 in 2018 are NFR sectors 1.A.4 Other Sectors (residential heating).
with a share of 42% (25% in 1990) in total PM10 emissions. 2 Industrial Processes and Product Use
(mainly 2C2 Ferroalloys Production) with 7% (47% in 1990) and 1.A.1 Energy Industries with 24% (18%
in 1990). With a share of 17% in 2017 (6% in 1990). The sector Agriculture is also contributing to the
total PM10 emissions. As a result, a conclusion can be drawn that while in the past the major source
for PM10 was the industry sector, mainly ferroalloys production, in the latest years that the
combustion of fuels in residential sector and administrative capacities — NFR 1.A.4 Other Sector.

NFR sectors 1B Fugitive emissions and 5 Waste are minor sources of PM10 emissions.
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Figure 17 PM10 emissions in North Macedonia 1990-2018 by sectors
3.2.2. PM2.5 emissions

Emission trend

In 1990, national total PM2.5 emissions amounted to 33 kt. In 2018, compared to 1990 the emissions
decreased by 74%, amounting to 8.6 kt. The main reason for the decrease is a decline of emissions
from Industrial Processes (Ferroalloys Production) as well as from combustion of solid fuels from 1.A.4
due to increased use of clean fuels compared to solid fuels, like coal and biomass. For the years 2001,
2002 and 2009 emissions are very low compared to the other years. The reason is also due to low
emissions from Ferroalloys Production, since in those years the company for production of ferrosilicon
was operating with limited operating hours. The ferroalloys production has decreased as a result of
the limited capacity of the installation producing ferrosilicon from the end of 2014 and during 2015,
as this installation did not fulfill the obligation regulated in the IPPC license for installation of filter for
reduction of dust emissions. Additionally, this installation has been closed in November 2016 due to
non-compliance with the activities for air quality protection set down in the IPPC permit referring to
installation of dust filter. Throughout the years, emissions from solid fuel combustion as well
decreased affecting lower national emissions from particulates.
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Figure 18 National total PM2.5 emissions 1990-2018
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Main emission sources in North Macedonia

Similar to PM10, the main emission sources for PM2.5 in 2018 are NFR sectors 1.A.4 Other Sectors
(residential heating) with a share of 68% (36% in 1990) in total PM2.5 emissions. 1.A.1 Energy
Industries with 11% (11% in 1990) and the contribution of the NFR sector - 2 Industrial Processes and
Product Use (mainly 2.C.2 Ferroalloys Production) is very low, contributing only with 5% (49% in 1990).
Manufacturing industry and Constructions 1.A.2 are contributing with 8% in 2018 while in 1990 the
contribution was only 3%. Transport is contributing with 4% and Agriculture with 2.6%. Compared to

PM10, the contribution of 1.A.4 is higher while the contribution from Energy industries is lower. NFR
sectors 1B Fugitive emission and 5 Waste are minor sources of PM2.5 emissions.
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3.2.3. TSP emissions

Emission trend

In 1990, the national total TSP emissions amounted to about 58 kt. In 2018, the emissions decreased
by 73% compared to 1990 amounting to about 16 kt. The main reason for the decrease is a decline of
emissions from Industrial Processes (Ferroalloys Production), but also the decline of emissions coming
from the 1.A.4 category due to reduced use of solid fuels.

The reasons for decreasing trend in the last three years correspond to the reasons explained in the
subchapter for PM10. With regards to LCPs, according to the NERP aligned with the Energy Community
Treaty, the emissions in 2018, exceeded the national emission ceiling for TSP with a value of 1,738 Gg.
and thus not reaching compliance with this ceiling accordingly.
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Figure 20 National total TSP emissions 1990-2018

Main emission sources in North Macedonia

The main emission sources for TSP in 2018 are 1.A.4 Other Sectors (residential heating) with 40% (22%
in 1990) and 1.A.1 Energy Industries with 32% (22% in 1990). NFR sectors 2 Industrial Processes and
Other Product Use (mainly NFR sector 2C2 Ferroalloys Production) with a share of 11% (50% in 1990)
in total TSP emissions. Thus, it can be concluded that in the past the major source for TSP national
emissions was the industry sector, mainly ferroalloys production, while in the latest years the major
source is a consequence of the combustion of fuels in residential sector and administrative capacities
— NFR 1.A.4 Other Sector.NFR sectors 1.B Fugitive emissions. 3 Agriculture and 1.A.3 Transport and
1.A.2 Manufacturing Industries and Construction are minor sources of PM2.5 emissions.
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Figure 21 TSP emissions in North Macedonia 1990-2018 by sectors

3.2.4. BC emissions

Emission trend

In 1990, national total BC emissions amounted to about 3 kt. In 2018, the emissions decreased by 74%
compared to 1990, amounting to about 0.774 kt. The main reason for the decrease is a decline of
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emissions of PM2.5. The trend has similar pathway as that one for PM2.5 due the fact that for BC
emissions are calculated as given contribution in PM2.5 expressed in %. Further explanation of the
trend is given in PM2.5 chapter.
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Figure 22 National total BC emissions 1990-2018

Main emission sources in North Macedonia

As expected, the main emission sources for BC are those for PM2.5. In 2018 the NFR sectors 1.A.4
Other Sectors (residential heating) contributed with a share of 78% (40% in 1990) in total BC emissions.
1.A.2 Manufacturing industry and constructions contributed with 15% (9% in 1990) of the total BC
emissions, whereas 2 Industrial Processes and Product Use (mainly 2.C.2 Ferroalloys Production)
contributed with 4% (49% in 1990).

NFR sectors 1.A.1 Energy industries, 1.B Fugitive emissions and 5 Waste are minor sources of PM2.5
emissions.
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Figure 23 BC emissions in North Macedonia 1990-2018 by sectors
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3.3. Emission trends for Heavy Metals

In the following table the trends of the three priority heavy metals are presented. The detailed trend
descriptions as well as the main emission sources for the respective air pollutants are provided in the
following sections.

Table 47 Emission trends for heavy metals 1990-2018

Year Emissions
Cd [kt] Pb [kt] Hg [kt]
1990 1.60 232.48 0.62
1991 1.50 196.68 0.57
1992 1.45 227.56 0.53
1993 1.06 212.76 0.50
1994 1.01 203.76 0.42
1995 2.11 222.26 0.44
1996 2.31 229.64 0.50
1997 1.14 244.66 0.53
1998 1.39 259.95 0.60
1999 1.07 208.29 0.53
2000 0.93 195.45 0.54
2001 0.81 172.34 0.56
2002 0.80 170.77 0.59
2003 0.60 132.00 0.44
2004 0.53 45.74 0.43
2005 0.33 23.52 0.31
2006 0.35 8.61 0.31
2007 0.32 9.18 0.33
2008 0.37 6.51 0.32
2009 0.38 5.91 0.29
2010 0.39 6.23 0.30
2011 0.39 6.95 0.34
2012 0.29 5.29 0.30
2013 0.27 4.18 0.26
2014 0.24 4.54 0.26
2015 0.24 4.50 0.26
2016 0.48 2.64 0.22
2017 0.60 2.47 0.21
2018 0.60 2.59 0.22
Trend 1990-2018 -62% -999% -65%

Republic of North Macedonia in 2018 did not exceed emission levels setin HM Protocol. Emissions are
much below the values from the reference year 1990.
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3.3.1. Lead (Pb) emissions

Emission trend

National total Pb emissions amounted to 232t in 1990; emissions have decreased steadily and in the
year 2018 emissions were down by 99% to 2.59 t. The most important reductions could be observed
in sectors 1.A.3 Transport and 2 Industrial Processes and Other Product Use (mainly Lead Production).
The big decline in the trend of Pb emissions from 2003 and 2004 is related to the main source of these
emissions — Road transport and Lead production. From 2004 the content of Pb in the gasoline
decreased from 0.0006 kg/| to 0.00015 kg/I. Also, in 2003 the Pb-Zn smelter “Zletovo” — Veles stopped
the production of lead and zinc. From 2006 in North Macedonia, passenger cars can use only unleaded
gasoline fuels which additionally reduced the Pb emissions.
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Figure 24 National total Pb emissions 1990-2018

Main emission sources in North Macedonia

The most important emission sources of Pb in 2018 are NFR sectors 1 Energy with shares in national
total emissions of 18% from 1.A.2 and 3 % in 1.A.4, 1.A.1.a with share of 18% and Industrial Processes
and Product Use with share of 19%. In 1990 the situation was different. The key factor contributing to
the emissions was the use of leaded petrol in transport sector which led to contribution of NFR 1.A.3
with 39%. The Industrial Processes and Product Use contributed with a share of 59%. Back then, the
energy sector, meaning 1.A.1, 1.A.2 and 1.A.4 were minor sources. Within NFR sector 2 Industrial
Processes and Product Use, all Pb emissions result from 2.C Metal Production (2.C.1 Iron and Steel
Production) with a share of 59% in 1990 and 19% in 2018. The declined values is a result of the
elimination of the use of leaded petrol in 2004. The reduction of 99% compared to 1990 is due to the
elimination of the use of leaded petrol and reduction of lead emissions from lead production.
However, due to the fact that EF used for calculation of Pb emissions up to 2004 are not documented,
there is a high uncertainty of estimation of lead emissions in 1.A.3 transport and these emissions
should be recalculated with the use of COPERT model.

Pb emissions from NFR sectors 1.B Fugitive Emissions. 3 Agriculture and 5 Waste are minor sources.
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3.3.2. Cadmium (Cd) emissions

Emission trend

National total Cd emissions amounted to 1.6 t in 1990; emissions have decreased steadily and in the
year 2018 emissions were estimated to be 0.6 t, which means they were down by 62% compared to
1990. The most important reductions could be observed in sector 2 Industrial Processes and Other
Product Use (Metal Production), as Zinc Production was stopped in 2003. Between 2017 and 2018,
emissions slightly increased by 0.3%.
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Figure 26 National total Cd emissions 1990-2018

Main emission sources in North Macedonia

The most important emission source in 2018 of Cd is in the national total emissions is NFR category 2
Industrial Processes and Product use contributing with 68% (79% in 1990). The NFR sector 1 Energy is
contributing with the following NFR categories: 1.A.4 Other Sectors Energy with 18% (13% in 1990),
1.A.1 Energy Industries, with a share of 10% (7% in 1990), 1.A.2 Manufacturing Industries with 2%
(1%).

Cd emissions from NFR sectors 1.B Fugitive Emissions, 3 Agriculture and 5 Waste sector are minor
sources.
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Figure 27 Cd emissions in North Macedonia 1990-2018 by sectors
3.3.3. Mercury (Hg) emissions

Emission trend

National total Hg emissions amounted to 0.62 t in 1990; emissions have decreased steadily and in the
year 2018 emissions (0.22t) were down by 69% compared to 1990 emissions. The most important
reductions could be observed in sector 2 Industrial Processes and Other Product Use (Metal
Production), as Zinc production stopped in 2003. Also, fugitive emissions have been reduced
significantly. Between 2017 and 2018 total Hg emissions increased by 3%.
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Figure 28 National total Hg emissions 1990-2018

Main emission sources in North Macedonia

The most important emission source in 2018 of Hg is NFR sector 1 - Energy. Within the Energy sector.
the main contributors in 2018 are 1.A.1 Energy Industries with a share of 43% (27% in 1990) and 1.A.2.
Manufacturing Industries and Construction with 22% (6% in 1990) of the national total emissions. NFR
category 2 Industrial Processes and Product use is also one of the key sources with 15% (64% in 1990)
of the national total mercury emissions. In 2018, also 18% of total mercury emissions are stemming
from sector 5 Waste while this sector has minor contribution in 1990, Hg emissions from NFR sectors
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1.A.4 Other sectors, 1.B Fugitive Emissions and 3 Agriculture are minor sources in the whole trend
period.
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Figure 29 Hg emissions in North Macedonia 1990-2018 by sectors

3.4. Emission trends for POPs

In the following table the trends of the POPs are presented. The detailed trend descriptions for the
respective pollutants are provided in the following sections.

Table 48 Emission trends for POPs 1990-2018

Year Emissions
PCDD/F [g-1TEQ] PAH [t] HCB [kg] PCB [kg]

1990 19.82 6.54 44.29 179.33
1991 17.63 5.86 39.22 180.15
1992 17.70 6.27 25.83 178.25
1993 17.29 6.74 24.18 164.21
1994 15.87 6.20 25.04 145.84
1995 18.92 6.33 18.63 159.26
1996 18.73 6.06 19.70 186.03
1997 16.00 6.17 27.89 196.97
1998 17.61 6.69 29.34 202.65
1999 17.18 6.64 53.97 165.29
2000 19.35 7.65 38.32 140.88
2001 16.14 6.11 34.15 129.39
2002 17.08 6.22 52.68 128.61
2003 17.82 6.97 42.98 85.39
2004 17.83 7.13 8.51 38.07
2005 16.52 6.88 7.56 4.22
2006 17.74 7.34 11.70 4.60
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Emissions

Vear PCDD/F [g-1TEQ] PAH [t] HCB [kg] PCB [kg]
2007 16.32 6.75 8.90 4.88
2008 17.90 7.48 7.78 4.44
2009 18.52 7.58 8.32 3.98
2010 19.57 8.17 9.63 4.41
2011 19.53 8.14 10.54 4.79
2012 13.28 5.63 9.47 3.68
2013 12.45 5.38 6.36 3.24
2014 10.66 435 4.18 3.10
2015 11.26 4.74 0.95 9.99
2016 10.19 4.52 0.84 13.63
2017 8.41 3.55 2.19 20.96
2018 8.65 3.77 1.66 29.02
Trend 1990-2018 -56% . 96% -84%

From the figures presented in the previous table a conclusion can be drawn that Republic of North
Macedonia in 2018 did not exceeded the emission levels set in POPs Protocols. In the case of HCB and
PCBs, the emissions are much lower the values from the reference year 1990.

3.4.1. PAH-4 emissions

Emission trend

National total PAH-4 emissions in 1990 amounted to 6.54 t. Since then, the emissions have been quite
stable and in the year 2018 emissions were at level of 3.8 t, reflecting a reduction of 42%. The most
important reductions could be observed in the sector for residential heating. Between 2017 and 2018,
total PAH-4 emissions increased by 6%, because of increased emissions from residential heating in the
NFR 1.A.4 Other sectors.
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Figure 30 National total PAH emissions 1990-2018
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Main emission sources in North Macedonia

The most important emission source in 2018 of PAH is NFR sector 1 - Energy. Within the Energy sector
the main contributor in 2018 is 1.A.4 Other Sectors (residential heating), with a share of 75%, while in
1990, this sector contributed with 86%. Furthermore, 1.A.2 Manufacturing Industries is contributing
with a share of 24% (7% in 1990) of the national total emissions. PAH emissions from NFR sectors 1.A.1
Energy industries and 2 - Industrial Processes and Product use are minor sources.
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Figure 31 PAH-4 emissions in North Macedonia 1990-2018 by sectors

3.4.2. Dioxin and Furan emissions (PCDD/F)

Emission trend

National total dioxin/furan emissions amounted to 19.8 g-I-TEQ in 1990; emissions have decreased
since then and in the year 2018 emissions were down to around 8.6 g-I-TEQ, decreasing by 56%
compared to 1990. The most important reductions could be observed in the sector 2 Industrial
Processes and Other Product Use (Metal Production), especially in iron and steel production. This
production has not been stable due to variations of the price of steel and due to a significant reduction
of fugitive emissions. Between 2017 and 2018 total dioxin/furan emissions increased slightly by 3%.
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Figure 32 National total PCDD/F emissions 1990-2018

Main emission sources in North Macedonia
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The most important emission source in 2018 of PCDD/F is NFR sector 1 - Energy. Within the Energy
sector the main contributor in 2018 is 1.A.4 Other Sectors (mainly residential heating), with a share of
65% in 1990 and 73% in 2017. Furthermore, 1.A.2 Manufacturing Industries is contributing with a
share of 14% (5% in 1990) in the national total emissions. NFR category 2 Industrial Processes and
Product use (Metal Production) is also contributing with 27% (8%) of the national total PCDD/F
emissions.

Dioxin/furan emissions from NFR sectors 1.A.1 Energy industries and 5 Waste are minor sources.
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Figure 33 Dioxin/furan emissions in North Macedonia 1990-2018 by sectors
3.4.3. Hexachlorobenzene (HCB) emissions

Emission trend

National total HCB emissions amounted to 44 kg in 1990; emissions have decreased steadily since then
and in the year 2018 emissions were down by 96%, amounting to1.66 kg. The emission peaks in 1999
and 2002 are due to higher activities of secondary aluminum production. The significant emission
reduction between 2003 and 2004, is also caused by the aluminum production. From then onwards
the emission level remained quite stable. The most important reductions could be observed in the
sector 2 Industrial Processes and Other Product Use (Aluminum Production). Between 2017 and 2018
total HCB emissions decreased by 24% mainly due to decrease in aluminum production sector.
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Figure 34 National total HCB emissions 1990-2018
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Main emission sources in North Macedonia

The most important emission source in 2018 of HCB is NFR sector 2 Industrial Processes and Product
Use. With a share of 92% (100% in 1990) of the national total emissions almost all HCB is emitted from
this source and therefore dominating the trend. Within the category emissions are exclusively emitted
from NFR sector 2.C.3 Aluminum Production. The contribution to the HCB emissions from 5 Waste,
1.A.4 Other sectors and 1.A.2 Manufacturing Industries and Construction is 5.5%, 2.4% and 0.3%

respectively.
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Figure 35 HCB emissions in North Macedonia 1990-2018 by sectors

3.4.4. Polychlorinated biphenyl (PCB) Emissions

Emission trend

National total PCB emissions amounted to 179.3 kg in 1990; emissions have decreased steadily since
then and in the year 2018 emissions were down by 84%, accounting to 29.2 kg. The trend emissions
are not stable due to fluctuations in metal production — Lead and Zink production. This trend becomes
stable in 2005 until 2014. In the last four years the emissions increased due to use of Tier 2

methodology in 2C sector.
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Figure 36 National total PCB emissions 1990-2018
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Main emission sources in North Macedonia

The most important emission source in 2018 of PCB is NFR sector 2 Industrial Processes and Product
Use. Within this sector, the main contributor is 2.C.5 Lead Production, with a share of 95% (99% in
1990) of the national total PCB emissions. The main source in the nineties was the smelter company
in Veles that has stopped production in 2003. Further emission sources in 2018 are NFR sectors 1.A.2
Manufacturing Industries (Iron and Steel Production) and 1.A.4 Other Sectors (mainly residential
heating) with share of 3% and 2% respectively.

PCB emissions from NFR sector 5 - Waste is a minor source.
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Figure 37 PCB emissions in North Macedonia 1990-2018 by sectors
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4. ENERGY (NFR SECTOR 1)

4.1. Sector overview

This chapter gives an overview of category 1.A Stationary combustion activity. The energy sector is
the most important sector considering that is a main contributor to the major air pollutants air
emissions in the Republic of North Macedonia. Emissions from this sector arise from fuel combustion
(NFR sector 1. A) and fugitive emissions from fuels (NFR sector 1. B). Following the recommendation
of the previous stage 3 review to estimate emissions coming from NFRs 1.A.2.f, 1.A.3.e.i, 1.A.5.a and
1.B.2.d., the emissions under 1.B.2.d have been estimated; the notation key 1.A.2.f has been change
the to “IE” since the emissions from NFR 1.A.2.f are included in the emissions reported under NFR
2.A.1. NFR category 1.A.4.aii has been included in this submission while emissions from the categories
1.A.3.e.i, 1.A.5.a are still not estimated due to absence of activity data.

Completeness
The completed and not completed NFRs are presented in the following tables:

Table 49 NFR categories included in Energy sector for 2018
NFR category Completeness
1 A 1aPublic electricity and heat production v
1 A 1b* Petroleum refining v
1 A 2 a Stationary combustion in manufacturing industries and construction: Iron and steel '
1 A 2 b Stationary Combustion in manufacturing industries and construction: Non-ferrous metals '
1 A 2 c Stationary combustion in manufacturing industries and construction: Chemicals '
1 A 2 d Stationary combustion in manufacturing industries and construction: Pulp. Paper and Print '
v

1 A 2 e Stationary combustion in manufacturing industries and construction: Food processing. beverages
and tobacco

1 A 2 gviii Stationary combustion in manufacturing industries and construction: Other (Please specify in v
your lIR)

1 A 2 f Stationary combustion in manufacturing industries and construction: Non-metallic minerals IE
1 A 2 gvii Mobile Combustion in manufacturing industries and construction: (Please specify in your IIR) \
1 A 3ai(i) International aviation LTO (civil) v
1 A 3 ai(ii) Domestic aviation LTO (civil) v
1A3bi Road transport: Passenger cars \
1A3bii Roadtransport: Light duty vehicles \
1A 3biii Road transport: Heavy duty vehicles v
1A3biv Road transport: Mopeds & motorcycles v
1A3bv Road transport: Gasoline evaporation v
1A 3bvi Road transport: Automobile tire and brake wear v
1 A3 bvii Road transport: Automobile road abrasion '
1 A 3 c Railways '
1A 4aiCommercial / institutional: Stationary Vv
1 A 4 aii Commercial/institutional: Mobile Vv
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NFR category Completeness

1 A 4 biResidential: Stationary plants '
1 A 4 bii Residential: Household and gardening (mobile) '
1 A 4 ci Agriculture/Forestry/Fishing: Stationary '
1 A 4 cii Agriculture/Forestry/Fishing: Off-road vehicles and other machinery \
1A5b Other Mobile (including military, land based and recreational boats) '
1 B 1 a Fugitive emission from solid fuels: Coal mining and handling v
1B 2 aiv Refining / storage v
1 B 2 av Distribution of oil products v
1B 2 c Venting and flaring v
1 B 2 d Other fugitive emissions from energy production v
A 3 dii National navigation (Shipping) v
Memo Items
1 A 3ai(ii) International aviation cruse(civil) v
1 A 3 aii (ii) Civil aviation LTO (Domestic. Cruise) v
1A3 Transport (fuel used) v
Table 50 NFR categories not included in Energy sector for 2018
NFR category Notation key used
1 A 1 ¢ Manufacture of solid fuels and other energy industries NO
1 A 3 aii (ii) Domestic aviation cruse (civil) NO
1 A 3di(ii) International inland waterways NO
1 A 3 e Pipeline compressors NE
1A 4 ciii Agriculture/Forestry/Fishing: National fishing NE
1 A 5 a Other stationary (including military) NE
1 B 1 b Fugitive emission from solid fuels: Solid fuel transformation NO
1 B 1 c Other fugitive emissions from solid fuels NO
1B 2 aiExploration. production. transport NO
1B 2 b Natural gas NO
1 B 3 Other fugitive emission from geothermal energy production. peat and other energy extraction NE
not included in 1B 2
Memo Items
1 A3di (i) International maritime navigation NO
1 A 3 aii (ii) Domestic aviation cruse (civil) NO
1 A 5c Multilateral operations NE

*Petrol refining is not occurring since 2014

The NFR categories 1.A..3.e, 1A.4.ciii 1.A.5.a and 1.A.5.c are not estimated due to lack of activity data. These sectors seem

not to have major impact on the national emissions and will be calculated or categorized as IE when activity data or

information are made available in the future submissions.
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Methodology

In general, the methodology is following the EMEP Tier 1 methodology, using default emission factors
from the Guidebooks 2009/2013/2016/2019 and activity data from energy statistics. Plant specific
emission data is considered for reporting of NOx, SO,, CO and TSP within the following sectors:

1.A.1.a 9 power plants (one heating plant and one power plant were not operating in 2018 and one
have started in 2019)

1.A.1.b 1refinery (notin operation since 2014)
1.A.2.f 1cement plant

The activity data is mainly taken from the national energy statistics published annually the website of
the State statistical office. Fuel consumption for 1.A.1.a-categoty has been provided by plant
operators. Complete energy statistics was only available for the years 1998-2010 and from 2012
onwards. For some of the missing years and for specific categories, energy consumption is particularly
available from other sources (national reports, older printed versions of statistics). For some years,
activity data has been gap filled, as described in the sector specific chapters. Until the year 2012,
energy statistics only provides consolidated data on ‘diesel and other’. As of 2013, separate data for
road diesel and gasoil were available. In the MAKSTAT database the separate data for road diesel and
gasoil are available starting from 2015 and historical data are now available starting from 2005.

Emission factors for this submission are updated with EF from the latest available Guidebook version
2019. At current, the default (medium range) emission factors have been selected in all cases. Implied
emission factors derived from the emission measurements have been used for source category 1.A.1.a
for different periods due to technology improvements.

With regards to LHV, these values have been taken from energy balance or operators reports if they
were reported in the respective annual reports. For coal mines in the country LHV - 6.36 - 7.7 TJ/10°t
has been used, for imported coal — 8.29 TJ/103%, for biomass this year separate LHV were used for fire
wood — 6.7 TJ/10% m?3, 10.66 TJ/10° m? for fruit wood, for wood wastes, wood briquettes and pellets —
17.00 TJ/103 t for heavy fuel — 40/40.19 TJ/10%, for heating oil and other gasoil — 42.5 TJ/10%, for
diesel — 43/42.71 TJ/10% for coke — 26.795 TJ/10%, for other imported coal — 8.29 TJ/103, for natural
gas —33.588/34.12 TJ/10° Nm3. LPG — 46/46.05 TJ/10% and petroleum coke — 31.82 TJ/10%.

4.2. Public electricity and heat production-NFR 1.A.1.a

This category includes emissions from thermal public power and district heating plants. Public
electricity production is dominated by two large plants, which are using lignite as a major fuel and fuel
oil as a supporting fuel, while natural gas is not widely used for power generation. District heating
plants are mainly operated using natural gas. At current, biofuels are not used for power or district
heat generation. In 2018, only six plants under this category were operating. Emissions from non-
public district heat generation (industrial auto producers) are considered in the respective
subcategories of 1.A.2 or 1.A.4.a.

Page 103 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



As it was recommended by the last stage 3 review report, information on the existence of abatement

technology in the IIR to further increase the transparency of the inventory is included.

Table 51 TPP and DHP Installation technical properties and BAT

Plant name

REK BITOLA

REK OSLOMEJ

TEC NEGOTINO

Balkan  Energy
Toplana ISTOK

Balkan Energy
Toplana ZAPAD

Toplana Sever

TE-TO

ELEM

KOGEL
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Technology

Production
electricity

Production
electricity

Production
electricity

Heat
production

Heat
production

Heat
production

Combined
Electricity

heat
production

Heat
production

Combined

Heat
electricity
production

of

of

of

and

Thermal
input
[(Mw]

2025

375

630

294

183

440

100

90

Fuel type 1

Lignite

Lignite

Heavy fuel oil

Natural gas

Natural gas

Natural gas

Natural gas

Natural gas

Natural gas

Fuel type 2

Heavy fuel oil

Heavy fuel oil

BAT

Modernization
of blocs in 2013-
2014, reduction
of NOx, dust and
co

electrostatic
filter for dust

n=99,84 %

electrostatic
filter for
n=98 %

dust

Burners for low
NOx insurance

In 2013 Heavy
fuel oil has been
replaced  with

natural gas.

Burners for low
NOx insurance

Ecological
burners for low
NOx insurance

and stable
combustion
mode

NERP

Yes

Yes

No

Yes

Yes

No

No

No

No

Comments
Since 2015
limited

operation due to
limited coal

Not in operation
since 2014 it is

used as cold
reserve

Not in operation

Started in
October 2019
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4.2.1. Methodological issues

For the years 2008 onwards, NOx, SO,, CO and TSP measured emissions from the power plants and
district heating plants are considered. Currently, emissions of these plants are based on periodical
(monthly) measurements, which are carried out by accredited laboratories. Automatic monitoring
system is present only in TE-TO power plant, and yearly emissions are calculated by means of flue gas
concentrations and flue gas volumes, and reported by the operators to the Ministry of Environment
and physical planning. For lignite and fuel oil the NOx SO, CO and TSP emissions from 1990 to 2007
are estimated by means of calculated implied emission factors which are derived from average 2009-
2012 emissions and fuel consumption provided by plant operators. For natural gas emissions, from
1990 to 2007 the emissions are calculated with default Tier 1 emission factors as recommended in the
Guidebook 2019.

Other pollutants (NH; heavy metals and POPs) are estimated by means of the EMEP 2019 default
emission factors and fuel consumption. Due to modernization of power plants, in terms of reduction
of NOx ana dust, implied emission factors were derived for NOx and dust for the period 2013-2014,
and were used for calculation of NOX and TSP emissions for 2015-2017 while PM10 and PM2.5
emissions were calculated by applying the share of the Guidebook emissions factors. The share of
PM10 in TSP is 68% and the share of PM2.5 is 27%.

Activity data

Activity data for fuel consumption have been provided by the plant operators. The lignite originates
from inland mines and has a sulfur content of about 0.7% and very high water content, up to 60%.
Therefore, the NCV of lignite is only about 6-7 MJ/kg. Residual fuel oil (also called ‘Mazut’) has a sulfur
content of 1% but in the early 1990s it was estimated that the sulfur content was up to 3%.

The following table shows activity data for category 1.A.1.a by type of fuel.

Table 52 Activity data for source category 1.A.1.a Public electricity and heat production by type of
fuel

Year Lignite (TJ) Natural gas (TJ) Residual fuel oil (TJ)
1990 58 359 1000 2516
1991 45655 NO 3090
1992 44 356 NO 2 656
1993 45 442 NO 3037
1994 47 507 NO 2434
1995 49 958 NO 2 986
1996 47 675 NO 3051
1997 49 362 NO 3301
1998 55194 NO 2 602
1999 50 091 NO 2 640
2000 51991 715 6 345
2001 56 387 673 3 800
2002 48 716 641 4286
2003 49 091 345 2902
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Year Lignite (TJ) Natural gas (TJ) Residual fuel oil (TJ)

2004 49 291 69 2936
2005 48 711 52 3031
2006 45 153 197 5152
2007 45 697 895 6 588
2008 52 597 1627 1270
2009 50 442 744 2267
2010 46 386 1475 2330
2011 53111 1570 1431
2012 50 549 974 1594
2013 43 402 1522 1310
2014 44 158 1633 1671
2015 39816 3258 1606
2016 32903 5653 1138
2017 28 553 7 456 933

2018 31523 6674 538

The data for the fuel consumption in the reporting period shows that solid and liquid fuels are reduced
and the quantity of natural gas is increasing. Data on fuel consumption is reported by the installation
in the format prescribed in the secondary legislation. Starting from 2008 onwards, emission
measurements for the basic pollutants (SOx, NO, TSP and CO) were used but only if quality check is
approved. In cases where the facility does not deliver emission measurements data, or the quality
check of the emission measurement data is not reliable (for example in cases where the yearly
emissions are calculated on the basis of available measurements for several months), emissions for
the basic pollutants are calculated by multiplying the implied emission factors the quantity of fuel
consumed reported by the installations.

Emission factors

Emission factors for this source category is presented in the following table:

Table 53 Emission factors for source category Public electricity and heat production 1.A.1.a by type
of fuel

Pollutant Unit Lignite Natural gas Heavy fuel oil

NOx g/G)J 389 89 389
NMvVOC g/G)J 1.4 2.6 2.3

SO, g/G)J 1.678 0281 1.678
NH3 g/GJ NE NE NE
PM2.5 g/GJ 57.4 0.9 57.4
PM10 g/GJ 141.8 0.9 141.8

BC %PM2.5 1 2.5 5.6

TSP g/GJ 210 0.89 210
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Pollutant Unit Lignite Natural gas Heavy fuel oil

co g/GJ 43 2.5 43
Pb mg/GlJ 15 0.0015 4.56
cd mg/G)J 1.8 0.00025 1.2
Hg mg/GJ 2.9 0.1 0.341
As mg/G)J 14.3 0.12 3.98
Cr mg/G)J 9.1 0.00076 2.55
Cu mg/G) 1 0.000076 5.31
Ni mg/GJ 9.7 0.00051 255
Se mg/G) 45 0.0112 2.06
Zn mg/GJ 8.8 0.0015 87.8
PCDD/ PCDF (dioxins/furans) ng I-TEQ/GJ 10 0.5 2.5
benzo(a) pyren ug/GJ 1.3 0.56 NE
benzo(b) fluoranthene ug/GJ 37 0.84 4.5
benzo(k) fluoranthene ug/GJ 29 0.84 4.5
Indeno (1.2.3-cd) pyren ug/GJ 2.1 0.84 6.92
PCB ng WHOTEG/G) 3.3 NE NE
HCB ug/G) 6.7 NE NE

Emission factors for the basic pollutants: NOx, SOx, CO and particulates for heavy fuel and coal are
implied emission factors and are presented in tables below. For the use of natural gas and other
pollutants EF from GB are used.

Emission measurements

These data were used for identification of implied emission factors. Data for the yearly emission
measurements are reported by the operators in a template prescribed in the national sub legislation,
until 15th March each year. Installations are reporting on NOx, CO, TSP and SOx measurements, but
in case of power plants implied EF are used also for these pollutants for coal and heavy fuel oil due to
low coverage of measurements. For 2018 for these pollutants, the measurements received were
converted to yearly emissions and presented in the NFR.

Implied emission factors

The following table shows NOx,SO,, TSP and CO implied emission factors for category 1.A.1.a. by type
of fuel for the years 2009 to 2012, and the mean value which has been used to calculate emissions
from lignite and fuel oil 1990 to 2007.

Table 54 Implied Emission factors for source category Public electricity and heat production
1.A.1.a by type of fuel for 2009 -2013

Year NOx (g/GJ) 50,(g/G)) TSP (g/GJ) €O (g/G))
2009 374.42 1.827.26 241.57 33.13
2010 411.71 1.562.94 171.77 33.88
2011 411.34 1.736.47 213.54 44.27
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2012 359.25 1.584.72 213.57 61.00
Mean-IEF 389.00 1.678.00 210.00 43.00

Implied emission factors for PM2.5 and PM10 are derived as 68% and 27% from TSP and are calculated
to be 57.44 g/GJ and 105.4 g/GJ respectively.

For this submission NOx and TSP values were recalculated due to lower figures of monthly
measurements which is infected by the modernization boilers in the power plants.

Table 55 Implied Emission factors for source category Public electricity and heat production 1.A.1.a
by type of fuel for 2014-2017

Year NOx (g/GJ) TSP (g/G)J)

2013 261.03 239.74

2014 100.66 70.92
Mean-IEF 181.00 155.00

Implied emission factors for PM2.5 and PM10 are derived as 68% and 27% from TSP and are calculated
to be 41.85 g/GJ and 105.4 g/GJ respectively.

4.2.2. Source-specific uncertainties and time-series consistency

The activity data uncertainty was estimated to be 5%; the emission factor uncertainty for NOx and
SOx was estimated to be 20% (rating A. cf. chapter 1.7). 200% for NMVOC (rating D) and 125% for
PM2.5 (rating C).

4.2.3. Source-specific QA/QC and verification

Quality check of these data is made by the advisor for emission data, within the division for analysis
and reporting before they are used in the national inventory. An improved quality checks for the use
of 2014-2017, EF was done. The EF were corrected due to reduction of NOx and TSP in the last several
years due to modernization of power plant REK Bitola. Data on fuel consumption are crosschecked
with SSO reports and starting from 2018 data on SOx, NOx and dust are cross checked with LCP
reporting [40].

Namely, emissions data for NOx, SOx and dust 2018 that were reported under the obligation LCP -
article 72 IED (Large Combustion Plant — Industrial Emission Directive article 72) towards the Energy
community agreement, were cross checked with emissions coming from this sector. Emissions from
four out of six plants in this NFR category are reported under LCP reporting obligation.

4.2.4. Source-specific recalculations

Recalculations were done due to introduction of Implied emission factors for dust, PM10, PM2.5 and
NOx for plants using coal and heavy fuel for period 2014-2017, as well due to final consumption data
for 2017.
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4.2.5. Source-specific planned improvements

Calculation of the national emission factors for power production plants will improve the quality of
data in this key category. These planned improvements will be part of the activity for improving of
national air emission inventory in IPA air quality project that is planned to start in the end of this year.

4.3. Petroleum refining— NFR 1.A.1.b

This chapter presents the entire consumption of fuels in the oil industry. Main representative of this
sector was only one company “OKTA AD — Skopje”. In 1982 with the commissioning of the processing
plants OKTA AD — Skopje becomes the only crude oil refinery in the country. In January 2013
production in OKTA ended, after which the company entered a transformation process from an
inflexible and non-efficient heavy industry into a fast growing client oriented logistics services trade
company. OKTA has developed a retail network of 25 petrol stations across the country, where it
supplies high quality products and services to the end consumers.

4.3.1. Methodological issues

The Tier 1 approach for process emissions from combustion uses the general equation:
Epollutant = ARfueI consumption>< EFpoIIutant

Epoiiutant annual emission of pollutant

EFgoiiutant emission factor of pollutant

ARtuel consumption activity rate by fuel consumption

This equation is applied at the national level. using annual national total fuel use (disaggregated by
fuel type (refinery gas and heavy fuel oil).

Activity data

Data on the consumption of fuels in this sector for the period 2000-2014 have been collected by the
operator itself. No production was carried out from 2015 onwards. The company became customer-
oriented, logistics and trading company, providing uninterrupted and reliable supply of fuel in the
country. Request for providing data for the period 1990-1999 has been sent to the company, but these
data have not been reported.

Data for 1990-1999 were calculated using the surrogate method. The estimates were related to the
two trends in crude oil consumption by the refinery.

Table 56 Activity data for source category 1.A.1.b- Petroleum refining by type of fuel

Year Refinery gas (TJ) Residual fuel oil (TJ)
1990 1711 1680
1991 1356 1331
1992 797 782
1993 1432 1406
1994 201 198
1995 168 165
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Year Refinery gas (TJ) Residual fuel oil (TJ)

1996 980 961
1997 534 524
1998 1062 1042
1999 1077 1057
2000 1467 1071
2001 1425 1109
2002 912 870
2003 1103 1140
2004 1174 1181
2005 1373 1035
2006 1522 1002
2007 1551 1228
2008 1483 1304
2009 1368 1339
2010 1294 1921
2011 723 1815
2012 236 990
2013 68 384
2014 NO 107
2015 NO NO
2016 NO NO
2017 NO NO
2018 1711 NO

Emission factors

The emission factors for refinery gas has been taken from GB 2013. Table 4-2 Tier 1 emission factors
for source category 1.A.1.b. refinery gas and emission factors for heavy fuel oil from GB 2013. Table
4-4 Tier 2 emission factors for source category 1.A.1.b. process furnaces using residual oil.

Table 57 Emission factors for source category 1.A.1.b- Petroleum refining

Pollutant Unit Refinery gas Heavy fuel oil

NOx g/GlJ 63 142
NMVOC g/GJ 2.58 2.3
SO, g/G)J 0.281 485
PM2.5 g/G)J 0.89 9

PM10 g/Gl 0.89 15
TSP g/GJ 0.89 20
co g/GJ 39.3 15
Pb mg/GJ 1.79 4.6
cd mg/G) 0.712 1.2
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Pollutant Unit Refinery gas Heavy fuel oil

Hg mg/G) 0.086 0.3
As mg/GlJ 0.343 3.98
Cr mg/G)J 2.74 14.8
Cu mg/GJ 2.22 11.9
Ni mg/GJ 3.6 1.030
Se mg/GJ 0.42 2.1
Zn mg/GJ 25.2 49.3
"PCDD/ PCDF (dioxins/furans)" ng I-TEQ/GJ - 2.5
benzo(a) pyren ug/GJ 0.669

benzo(b) fluoranthene ug/GJ 1.14 3.7
benzo(k) fluoranthene ug/GJ 0.631 -
Indeno (1.2.3-cd) pyren ug/GJ 0.631 -

4.3.2. Source-specific uncertainties and time-series consistency

The activity data uncertainty was estimated to be 5%; the emission factor uncertainty for NOx and
SOx was estimated to be 20% (rating A. cf. chapter 1.7), 200% for NMVOC (rating D) and 40% for PM2.5
(rating B).

4.3.3. Source-specific QA/QC and verification

No specific QA/QC and data verification was performed, considering that no production process is
occurring in the last few years.

4.3.4. Source-specific recalculations including changes made in response to the review
process

No recalculations were made in this category.

4.3.5. Source-specific planned improvements including those in response to the review
process

Update of EF from the latest 2019 Guidebook.

4.4. Manufacturing industries and construction— NFR 1.A.2

This category includes emissions from manufacturing industries. Several industrial branches are
contributing in the category, each consisting of either a single or few industrial plants with rather small
capacities. Many plants have phases of non-operation or high fluctuation in their production, as a
repercussion of the economic changes since the early 1990s.

For all other categories, the Tierl methodology has been selected by using default emission factors
from the GB 2019.

4.4.1. Methodological issues
The Tier 1 approach for process emissions from industrial combustion installations uses the general
equation:
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Epollutants = Z ARfuelconsumption X EFfuel.pollutnat

Epoiiutant = €missions of pollutant (kg).
ARtyel consumption = fuel used in the industrial combustion (TJ) for each fuel.
EFfuel.pollutant = @n average emission factor (EF) for each pollutant for each unit of fuel type used (kg/TJ).

Activity data — stationary combustion
Complete energy statistics is only available for the years 1991, 1993, 1995,1996, 1998-2014. The
missing years 1990, 1992, 1994 and 1997 have been linearly interpolated or gap-filled by means of

production statistics.
The activity data for the following categories are presented in the Tables 58-63:

= 1.A.2.a — Iron and steel

= 1.A.2.b — Non-ferrous metals

=  1.A.2.c — Chemicals

=  1.A.2.d — Pulp. paper and print

= 1.A.2.e — Food processing. beverages and tobacco
= 1.A.2.f —Non-metallic minerals is IE

= 1.A.2.g.vii - Other

The activity data from the NFR category 1.A.2.gvii - Mobile Combustion in manufacturing industries
and construction: for diesel fuel are presented in Table 58.

Table 58 Activity data for source category 1.A.2.a — Stationary combustion in manufacturing
industries and construction: Iron and steel

Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]
1990 NO NO 1396 3104
1991 NO NO 2133 1184
1992 NO NO 2451 1611
1993 NO NO 1964 1291
1994 NO NO 960 631
1995 NO NO 2100 656
1996 NO NO NO 34
1997 NO NO 272 179
1998 0.30 NO 5166 1793
1999 0.53 NO 3443 1414
2000 NO 27 2285 1699
2001 0.08 816 1912 780
2002 NO 960 1378 1076
2003 2.60 1119 2882 1196
2004 2.22 1226 3300 1041
2005 130.42 1272 4852 1963
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Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]

2006 111.20 1310 5060 2739
2007 50.74 1322 6820 3588
2008 14.57 1201 5931 2969
2009 1.55 1094 2636 2530
2010 83.74 1079 4446 2977
2011 47.29 1598 6163 4014
2012 110.70 437 5847 3543
2013 6.49 610 5220 3366
2014 5.53 754 5410 1981
2015 4.01 658 5516 1399
2016 2.41 878 4521 1142
2017 1.51 1044 2808 841

2018 0.13 994 3313 918

Table 59 Activity data for source category 1.A.2.b - Stationary combustion in manufacturing
industries and construction: Iron and steel

Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]
1990 NO NO 2298 631
1991 NO NO 1827 278
1992 NO NO 1830 591
1993 NO NO 1834 905
1994 NO NO 1686 862
1995 NO NO 1537 819
1996 NO NO NO 26
1997 NO NO 920 82
1998 NO NO 1839 139
1999 NO NO 1754 700
2000 NO NO 2046 771
2001 NO NO 1919 374
2002 NO NO 1246 615
2003 NO NO 596 9
2004 NO NO NO 13
2005 NO NO NO 22
2006 NO NO NO 32
2007 NO NO NO 42
2008 NO NO NO 32
2009 NO NO NO 26
2010 NO NO NO 35
2011 NO NO NO 39

Page 113 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]

2012 NO NO NO 42
2013 6.00 NO NO 43
2014 4.00 37.95 NO 3
2015 NO NO NO 41
2016 NO NO NO 52
2017 NO NO NO 55
2018 NO NO NO 58

Table 60 Activity data for source category 1.A.2.c - Stationary combustion in manufacturing
industries and construction: Chemicals

Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]
1990 NO NO NO 169
1991 NO NO NO 166
1992 NO NO 0.43 613
1993 NO NO 0.85 1060
1994 NO NO 0.75 1136
1995 NO NO 0.64 1213
1996 NO NO 2.54 33
1997 NO NO 2.26 89
1998 NO NO 1.97 144
1999 NO NO NO 40
2000 NO NO NO NO
2001 NO 38 NO 0.1
2002 NO 40 NO 1.6
2003 NO 33 NO 0.7
2004 NO 26 NO 6.0
2005 NO 23 NO 5.4
2006 NO 14 NO 7.6
2007 NO 10 NO 5.4
2008 NO 9 NO 3.6
2009 NO 6 NO 4.4
2010 NO 5 NO 8.5
2011 NO 2 NO 43
2012 NO NO NO 77
2013 0.38 NO NO 73
2014 NO 36 NO 65
2015 NO 36 NO 86
2016 NO 39 NO 74
2017 NO 42 NO 83
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Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]
2018 NO 40 NO 83

Table 61 Activity data for source category 1.A.2.d - Stationary combustion in manufacturing
industries and construction: Pulp. paper and print

Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]
1990 NO NO 337.1813 12.89
1991 NO NO 337.18 16.88
1992 NO NO 0.44 12.40
1993 NO NO 0.22 7.92
1994 NO NO NO 7.76
1995 NO NO NO 7.60
1996 NO NO NO 196.99
1997 NO NO 56.11 169.95
1998 1.90 NO 28.78 142.91
1999 0.53 NO 1.45 2.86
2000 0.50 NO NO 0.38
2001 0.84 NO NO 0.29
2002 0.67 NO NO 1.93
2003 0.21 NO NO 1.26
2004 1.00 NO NO 1.13
2005 1.30 NO NO 0.25
2006 0.88 NO NO 0.29
2007 0.84 NO NO 0.13
2008 0.92 NO NO 0.21
2009 0.75 NO NO 0.38
2010 1.84 6.58 NO 0.25
2011 1.21 15.29 NO 8.92
2012 0.59 23.99 0.15 17.58
2013 0.46 15.16 0.29 16.37
2014 0.20 15.04 0.21 17.75
2015 0.18 15.24 0.90 26.39
2016 2.02 14.25 0.22 18.64
2017 1.01 16.23 0.21 22.73
2018 2.87 16.55 0.25 18.07

Table 62 Activity data for source category 1.A.2.e - Stationary combustion in manufacturing
industries and construction: Food processing. beverages and tobacco

Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]
1990 NO NO 172 1611
1991 NO NO 34 223
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Year
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

Biomass [TJ]

NO
NO
NO
NO
NO
NO
15.54

18.41
13.19
12.31
9.67
4.19
5.86
12.39
7.54
3.18
5.57
2.47
7.41
28.64
49.86
116.98
184.35
81.73
75.53
184.95
194.00

Natural gas [TJ]

NO
NO
NO
NO
NO
NO
NO

NO
NO
34
59
59
51
43
56
53
60
57
62
139
216
218
201
211
233
241
241

Lignite [TJ]
32
30
22
14
3
17
31
31
28
13
18
22

= OO 00 W b

S~ o0 o0 w

Heavy Fuels [TJ]
414
605
589
572
137
547
956

115
1614
155
172
202
155
137
161
117
124
147
191
511
830
706
656
701
689
669
605

Table 63 Activity data for category source category 1.A.2. gviii - Stationary combustion in

manufacturing industries and construction: Other

Year

1990
1991
1992
1993
1994
1995
1996
1997

Biomass [TJ]

67
67
67
67
67
67
66
67

Natural gas [TJ]

NO
NO
NO
NO
NO
NO
NO
NO

Lignite [TJ]

111
111
111
110
123
135
32
593

Heavy Fuels [TJ]
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2666
2727
2606
2484
2117
1749
6040
2495

Clinker
[tonnes]

491 902
465 375
396 496
413 444
375914
365 121
396 015
475 252
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Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ] Clinker

[tonnes]
1998 66 NO 668 2991 346 867
1999 69 153 517 2000 427 080
2000 67 263 634 2540 614 162
2001 35 204 649 2744 716 963
2002 30 266 687 2922 739 492
2003 38 29 1084 2731 602 569
2004 29 NO 1706 1349 643 258
2005 29 NO 1781 4628 694 922
2006 5 NO 1885 1349 801 302
2007 29 NO 1751 1451 882 834
2008 23 NO 1822 1349 843 765
2009 17 10 1752 1489 478 404
2010 22 127 2386 1926 588 978
2011 111 242 2130 1829 687 986
2012 136 133 1930 1645 645 482
2013 98 127 2009 1061 577 845
2014 112 137 73 1016 518 198
2015 55 143 928 2468 553 232
2016 59 169 2658 1023 739 807
2017 63 210 2593 1012 735625
2018 63 231 2514 1152 748 287

Activity data — mobile combustion

Activity data for category 1.A.2.gvii for diesel fuel is presented in Table 64. The activity data for the
period 1990-2002 were calculated using surrogate data (off-road vehicles in industry). Activity data
for the years 2004, 2008 and 2010 were taken from the IIR reported for those years. Data for 2013
and 2014 is available from the energy balance, when the source category diesel for transport has been
introduced. For 2015-2018 data from the category diesel for transport has been used. Activity data
for 2016 has been recalculated due to correction in the excel sheet conversion.

Table 64 Activity data for source category 1.A.2.gvii - Mobile Combustion in manufacturing
industries and construction: for diesel fuel

Year Heavy Fuels [TJ] Year Heavy Fuels [TJ]
1990 4879 2004 507
1991 3520 2005 429
1992 4707 2006 459
1993 4925 2007 528
1994 2074 2008 558
1995 2408 2009 789
1996 2074 2010 1020

Page 117 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



Year Heavy Fuels [TJ] Year Heavy Fuels [TJ]

1997 1796 2011 1378
1998 1624 2012 1737
1999 1316 2013 2300
2000 1050 2014 1254
2001 1156 2015 1182
2002 680 2016 1165
2003 549 2017 1096

2018 1089

Emission factors — stationary combustion

Tier 1 emission factors have been used for calculation of emissions in separate categories. Emission
factors for different type of fuels are presented in Tables 65-68.

Table 65 Emission factors for source category 1.A.2 - Stationary combustion in manufacturing
industries and construction for biomass

Pollutant Value Unit References
NOx 91 g/GJ GB 2019 Table 3-5 emission factor for source category, 1.A.2. page 17
NMVOC 300 g/GJ GB 2019 Table 3-5 emission factor for source category, 1.A.2. page 17
SOx 11  g/GJ GB 2019 Table 3-5 emission factor for source category, 1.A.2. page 17
NH3 1.2 g/G) GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
PM2.5 140 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
PM10 143  g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
BC 28 % of PM2.5 GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
TSP 150 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
co 570 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
Pb 27 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
Cd 13 mg/G) GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
Hg 0.56 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
As 0.19 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
Cr 23 mg/G) GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
Cu 6 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
Ni 2 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
Se 0.5 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
Zn 512 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
PCDD/PCDF 100 ngl-Teq/G) GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
benzo(a) pyren 10 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
benzo(b) fluoranthene 16 mg/G) GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
benzo(k) fluoranthene 5 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
Indeno (1.2.3-cd) pyren 4 mg/G) GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
HCB 5 ug/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18
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Pollutant Value Unit References

PCBs 0.06 ug/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 18

Table 66 Emission factors for source category 1.A.2 - Stationary combustion in manufacturing
industries and construction for gaseous fuel

Pollutant Value Unit References
NOx 74 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
NMVOC 23 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
SOx 0.67 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
PM2.5 0.78 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
PM10 0.78 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
TSP 0.78 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
BC 4 % PM25 GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
co 29 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
Pb 0.011 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
Cd 0.0009 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
Hg 0.54 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
As 0.1 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
Cr 0.013 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
Cu 0.0026 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
Ni 0.013 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
Se 0.058 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
Zn 0.73 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16
PCDD/PCDF 0.52 ng/léj GB2019 Table 3-3 emission factor for source category 1.A.2. page 16
benzo(a) pyren 0.72 mg/GJ GB2019 Table 3-3 emission factor for source category 1.A.2. page 16
benzo(b) fluoranthen 2.9 mg/GJ GB2019 Table 3-3 emission factor for source category 1.A.2. page 16
benzo(k) fluoranthene 1.1 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16

Indeno (1.2.3-cd) pyren 1.08 mg/GlJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 16

Table 67 Emission factors for source category 1.A.2 - Stationary combustion in manufacturing
industries and construction for solid fuel

Pollutant Value Unit References
NOx 173 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 15
NMVOC 88.8 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 15
SOx 900 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 15
PM2.5 108 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 15
PM10 117 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 15
TSP 124 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 15
BC 6.4 % of PM2.5 GB 2019 Table 3-3 emission factor for source category 1.A.2. page 15
Cco 931 g/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 15
Pb 134 mg/GJ GB 2019 Table 3-3 emission factor for source category 1.A.2. page 15
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Pollutant

Cd

Hg

As

Cr

Cu

Ni

Se

Zn
PCDD/PCDF
benzo(a) pyren

benzo(b)
fluoranthene

benzo(k)
fluoranthene

Indeno (1.2.3-cd)
pyren

HCB
PCBs

Value
1.8
7.9

4
13.5
17.5

13
1.8
200
203
45.5

58.9

23.7

18.5

0.62
170

Unit

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

ng

I-Teq/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

ug/GJ
ug/GJ

References
GB 2019 Table 3-3 emission factor for source category
GB 2019 Table 3-3 emission factor for source category
GB 2019 Table 3-3 emission factor for source category
GB 2019 Table 3-3 emission factor for source category
GB 2019 Table 3-3 emission factor for source category
GB 2019 Table 3-3 emission factor for source category
GB 2019 Table 3-3 emission factor for source category
GB 2019 Table 3-3 emission factor for source category
GB 2019 Table 3-3 emission factor for source category
GB 2019 Table 3-3 emission factor for source category

GB 2019 Table 3-3 emission factor for source category

GB 2019 Table 3-3 emission factor for source category

GB 2019 Table 3-3 emission factor for source category

GB 2019 Table 3-3 emission factor for source category

GB 2019 Table 3-3 emission factor for source category

1.A.2.
1.A.2.
1.A.2.
1.A.2.
1.A.2.
1.A.2.
1.A.2.
1.A.2.
1.A.2.
1.A.2.

1.A.2.

1A.2

1A.2

1A.2.
1.A.2.

page 15
page 15
page 15
page 15
page 15
page 15
page 15
page 15
page 15
page 15
page 15

page 15

page 15

page 15
page 15

Table 68 Emission factors for source category 1.A.2 - Stationary combustion in manufacturing
industries and construction for liquid fuel

Pollutant

NOx

NMVOC

SOx

PM2.5

PM10

TSP

BC

co

Pb

Cd

Hg

As

Value

513

25

47

20

20

20

56

66

0.08

0.006

0.12

0.03

Unit

g/G)
g/G)

g/G)
g/G)
g/Gl
g/Gl
% of
PM2.5
g/Gl
mg/GlJ
mg/GlJ

mg/GJ

mg/GJ

References

GB 2019 Table 3-4 emission factor for source category 1.A.2. page 17

GB 2016 2019 Table 3-3 4 emission factor for source category 1.A.2.

page 17

GB 2016 2019 Table 3-3 4 emission factor for source category

page 17

GB 2016 2019 Table 3-3 4 emission factor for source category

page 17

GB 2016 2019 Table 3-3 4 emission factor for source category

page 17

GB 2016 2019 Table 3-3 4 emission factor for source category

page 17

GB 2016 2019 Table 3-3 4 emission factor for source category

page 17

GB 2016 2019 Table 3-3 4 emission factor for source category

page 17

GB 2016 2019 Table 3-3 4 emission factor for source category

page 17

GB 2016 2019 Table 3-3 4 emission factor for source category

page 17

GB 2016 2019 Table 3-3 4 emission factor for source category

page 17

GB 2016 2019 Table 3-3 4 emission factor for source category

page 17
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1.A.2.

1A2.
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Pollutant Value Unit References

mg/GlJ GB 2016 2019 Table 3-3 4 emission factor for source category 1.A.2.

cr 0.2 page 17
Cu 0.22 mg/GJ GB 2016 2019 Table 3-3 4 emission factor for source category 1.A.2.
’ page 17
. mg/G)J GB 2016 2019 Table 3-3 4 emission factor for source category 1.A.2.
Ni 0.008
page 17
Se 011 mg/GJ GB 2016 2019 Table 3-3 4 emission factor for source category 1.A.2.
’ page 17
7n 29 mg/GJ GB 2016 2019 Table 3-3 4 emission factor for source category 1.A.2.
page 17
PCDD/PCDF 14 ng l- GB 2016 2019 Table 3-3 4 emission factor for source category 1.A.2.
Teq/GJ page 17
benzo(a) pyren 1.9 mg/GJ GB 2016 2019 Table 3-3 4 emission factor for source category 1.A.2.
page 17
- issi 1.A.2.
benzo(b) fluoranthene 15 mg/GJ GB 2016 2019 Table 3-3 4 emission factor for source category 1.A
page 17
- issi 1.A2.
benzo(k) fluoranthene 17 mg/GJ GB 2016 2019 Table 3-3 4 emission factor for source category 1.A
page 17
- issi 1.A2.
Indeno (1.2.3-cd) pyren 15 mg/GJ GB 2016 2019 Table 3-3 4 emission factor for source category 1.A

page 17

The emission factors for clinker production are presented in Table 69.

Table 69 Emission factors for category 1.A.2 - Stationary combustion in manufacturing industries
and construction: Other for clinker

Pollutant Value Unit References
NOx 1241 g/tclinker GB 2019 Table 3-24 emission factor for source category 1.A.2.f.. page 31
NMVOC 18 g/t clinker GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..
page 31
g/tclinker ~ GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..
SOx 374
page 31
g/tclinker ~ GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..
co 1455
page 31
Pb 0.098 g/tclinker ~ GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..
’ page 31
g/tclinker ~ GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f.
Cd 0.008
page 31
g/tclinker ~ GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..
Hg 0.049
page 31
As 0.0265 g/tclinker ~ GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..
’ page 31
g/tclinker ~ GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f.
Cr 0.041
page 31
Cu 0.0647 g/t clinker ~ GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..

page 31
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Pollutant Value Unit References

g/t clinker ~ GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..

Ni 0.049 page 31
g/tclinker ~ GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..
Se 0.0253
page 31
g/tclinker ~ GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..
Zn 0.424
page 31
ug/t GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..
PCB 103 .
clinker page 31
PCDD/PCDF 41 M I_—TEQ/t GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..
clinker page 31
0.00006 GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f..

benzo(a) pyren g/t clinker

5 page 31

benzo(b) fluoranthen 0.00028 g/t clinker GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f.

page 31
benzo(k) fluoranthen 0.00007 g/t clinker GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f.
7 page 31
Indeno (1.2.3-cd) 0.00004 . GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f.
g/tclinker
pyren 3 page 31
HCB 46 ug/t GB 2016 2019 Table 3-24 emission factor for source category 1.A.2.f.

clinker page 31

Emission factors — mobile combustion

Concerning the source category 1.A.2.gvii, the emission factors for diesel fuels are presented in table
70.

Table 70 Emission factors for source category 1.A.2.gvii - Mobile Combustion in manufacturing
industries and construction: for diesel fuel

Pollutant Value Unit References

NOx 32629 g/ton GB 2019 Table 3-1 Tier 1 emission factors for off-road machinery

NMVOC 3777 g/tone GB 2913 2019 Table 3-1 Tier 1 emission factors for off-road
machinery
GB 2013 2019 Table 3-1 Tier 1 emission factors for off-road

NHs 8 g/ton .
machinery

PM2.5 2104 g/tone GB 2Q13 2019 Table 3-1 Tier 1 emission factors for off-road
machinery

PM10 2104 g/ton GB 2Q13 2019 Table 3-1 Tier 1 emission factors for off-road
machinery
GB 2013 2019 Table 3-1 Tier 1 emission factors for off-road

BC 1306 .

g/ton machinery

Tsp 2104 g/ton GB 2913 2019 Table 3-1 Tier 1 emission factors for off-road
machinery

co 10774 g/ton GB 2913 2019 Table 3-1 Tier 1 emission factors for off-road
machinery

cd 0.01 me/kg GB 2913 2019 Table 3-1Tier 1 emission factors for off-road
machinery

cr 0.05 ma/kg GB 2013 2019 Table 3-1 Tier 1 emission factors for off-road

machinery
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Pollutant Value Unit References

GB 2019 Table 3-1 Tier 1 emission factors for off-road

Cu 1.7 me/ke machinery
Ni 0.07 mg/kg GB 2019 Table 3-1 Tier 1 emission factors for off-road machinery
Se 0.01 mg/kg GB 2019 Table 3-1 Tier 1 emission factors for off-road machinery
GB 2019 Table 3-1 Tier 1 emission factors for off-road
Zn 1 mg/kg )
machinery
benzo(a) pyrene 30 ug/kg GB 2019 Table 3-1 Tier 1 emission factors for off-road machinery
benzo(b) fluoranthene 50 ug/ke GB 2019 Table 3-1 Tier 1 emission factors for off-road

machinery
With regards to SOx calculation for emissions coming from diesel is done using the sulfur content
presented in Table 94.

4.4.2. Source-specific uncertainties and time-series consistency

The activity data uncertainty was estimated to be 10 %. For the categories 1.A.2.a - 1.A.2.e as well as
for 1.A.2.gviii, the emission factor uncertainty for SOx was estimated to be 20% (rating A. cf. chapter
1.7). For NOx, including category 1.A.2.gvii was estimated to be 40% (rating B. cf. chapter 1.7). For
NMVOC for the categories 1.A.2.a - 1.A.2.e, the EF uncertainty is estimated to be 200% (rating D. cf.
chapter 1.7) and for the category 1.A.2.gvii. it was estimated to be 40 % (rating B. cf. chapter 1.7). For
the categories 1.A.2.a-1.A.2.e for PM2.5, the EF is estimated to be 40% (rating B. cf. chapter 1.7). and
for 1.A.2.gvii and 1.A.2.gviii is estimated to be 125% (rating C cf. chapter 1.7).

4.4.3. Source-specific QA/QC and verification

Standard QA/QC procedures were carried out for this source category. i.e. activity data were checked
for plausibility and time-series consistency; emission data were checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

4.4.4. Source-specific recalculations including changes made in response to the review
process

Recalculations for 2017 were performed, due to the use of final data (from the energy balance) for
fuel consumption. Additionally EF for ammonia from the newest version of the Guidebook for 1.A.2
coming from biomass were implemented and EF for several substances for NFR 1.A.2.gvii for clinker
production and EF for 1.A.2.c were corrected in the excel sheets.

4.4.5. Source-specific planned improvements including those in response to the review
process

Higher tier methodology will be performed in future submissions, as soon as activity data is made
available.

4.5. Transport

4.5.1. Road transport —NFR 1.A.3

This chapter covers the emissions from road transport. It provides the methodology, emission factors
as well as relevant activity data necessary for calculation of the exhaust emissions for the following
categories of road vehicles:
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®  passenger cars (NFR code 1.A.3.b.i)

= light commercial vehicles (1) (< 3.5 t) (NFR code 1.A.3.b.ii)

=  heavy-duty vehicles (2) (> 3.5 t) and buses (NFR code 1.A.3.b.iii)

"  mopeds and motorcycles (NFR code 1.A.3.b.iv)
The preparation of the road transport inventory was the most difficult part of the emission calculation,
compared to other sectors due to the lack of activity data, as well as the weak support of the existent
scientific institutions in the country. The estimated emissions from this category are calculated with
the highest uncertainty, due to the lack of details on vehicles fleet data for the period 1990-2013
during the inventory preparation.

4.5.1.1. Road transport — NFR 1.A.3.bi.bii.biii.biv

4.5.1.1.1. Methodology

The simplified Tier 1 methodology for emissions calculation from the road transport for the period
1990-2013 has been used: fuel quantity (expressed in heat units) is multiplied by the appropriate
emission factor, which depends on the type of the fuel and type of technology of combustion in
stationary sources and the type of mobile equipment and machinery, respectively.

The Tier 1 approach for exhaust emissions uses the following general equation:
E; = z (Z (FC;m X EF;, j_m)>
j \m
Where:
Ei = emission of pollutanti [g].
FCi.m = fuel consumption of vehicle category j using fuel m [kg].
EFi;m = fuel consumption-specific emission factor of pollutant i for vehicle category j and fuel m [g/kg].

The emission data for the period 1990-2000 has been taken directly from NFR tables reported in 2013.
There is no detail background data on the type of fuel consumption, or the EF used for this reporting
period.

The Tier 2 methodology or emissions calculation included in the EEA Guidebook 2013, has been used
for calculation of the emission from road transport for the years 2014-2018. The Tier 2 approach
allows to estimate the emission for a given vehicles fleet, when the information concerning the
number of vehicles classified by categories, fuel and emission standards is known. The calculation
includes emissions from passenger cars, light duty vehicles, heavy-duty vehicles and busses,
motorcycles and gasoline evaporation from vehicles.

The Tier 2 approach considers the fuel used by different vehicle categories and their emission
standards that are multiplied by the appropriate emission factor, which depends on the type of the
fuel and type of technology of combustion in stationary sources and the type of mobile equipment
and machinery, respectively.

The Tier 2 approach for exhaust emissions uses the following general equation:

The emission E for a certain pollutant i and a vehicles category j is calculated as following:
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Eij= zk(Nj.k "M - EF;jy)
where:
N;x = number of vehicles in the fleet of category j and technology k.
M« = average annual distance driven per vehicle of category j and technology k.
EFi;« = technology-specific emission factor of pollutant i for vehicle category j and technology k.

Concerning the annual average mileage of a vehicle category, the data available from the national
statistics are referred to the total annual mileage of a certain vehicle, without considering the different
regimes of circulation (urban, interurban, highway).

The data of the vehicle stock has been delivered from the official National Car Registry of North
Macedonia managed by the Ministry of interior (MOI). The data for the driven kilometer per type of
vehicle has been calculated.

The emission factors are available for CO, NH3, NMVOC, NOx, lead, benzo(a)pyrene and Particulate
Matter (PM). Concerning particulate matter, the guidebook assumes that the amount of total
suspended particles is equivalent to the PM10. The Tier 2 emission factors are stated in units of grams
per vehicle-kilometer and for each vehicle technology are given in the table 3.17 of the EEA Guidebook
2013.

Sulfur dioxide emissions are estimated by assuming that all sulfur in the fuel is transformed completely
into SO,, using the formula:

ESOZ.m = (2 ksm FCp)
where:
Ks.m= weight related sulfur content in fuel of type m
FCm = fuel consumption of fuel m

The typical sulfur content of fuel was retrieved from the table 3.13 of the EEA Guidebook 2013. Road
Transport.

Activity data

Fuel consumption data were taken from Statistical yearbook — chapter Energy balance 1990-2018 [21].
Data on number of vehicles were taken from Statistical yearbook for the period 1990-2002 [21] and
publication Transport and other communication for the period 2003-2013 [25]. For the period 2014-
2018 data on number of vehicles were taken from MOI database. The data on mileage was received
from the Faculty for Mechanical Engineering in Skopje.
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Table 71 Activity data for source category 1.A.3.b - Road transport for period 1990-2018

NFR
Year
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

Liquified fuels

1A3Dbi

7647
6331
7097
7353.6
6674
7250.3
7202.5
7333.9
7320.6
7350.6
7597.3
6115.9
6599
6.188
6324.3
6034.5
5685.8
6150.6
5943
6477.3
7456.4
7272.1
6300.4
6847.1
10298
10873
11 446
11902
12 411

1A3bi
Gas fuel
2064
1396.6
1565.6
1622.2
1472.3
1599.4
1588.8
1617.8
1614.9
1621.5
1675.9
1395.2
1395.2
1.395.2
1395.2
1249.3
1489.4
1987.7
1.953
1987.7
2634
1599.6
1543.1
1693
726.0
717.0
734.0
737.0
742.0

Liquified fuels

1A3Dbii

1553
2148.1
2544.1
2652.8
2300.1
2579.2
2556.6
2614.7

2649
2640.6
2739.8
2198.5
2410.2
2.260.1
2005.2
2229.9
1868.6
2156.3
1.656.9
2971.0

3980
3464.3
3553.6
4168.3
2122.0
2826.0
2288.0
1994.0

2077

1A3biii
Liquified fuels
3054
4293.3
5084.8
5302.1
4597.1
5154.9
5109.8
5225.9
5294.4
5277.5
5475.9
4466.2
4819
4.518.8
3991.3
4460
4982.6
5763.2
4.390.4
5972.4
8045
6986
7178.4
8433.1
6990.0
7877.0
11568
11723
11788

Table 72 Activity data for source category 1.A.3.b Road transport for 2018

Republic of North Macedonia INFORMATIVE INVENTORY REPORT

NFR code

1A3bi

1A3bii

Fuel
Gasoline
Diesel
LPG
Gasoline

Diesel

1A3biv
Liquified fuels
101
121
1818
198.9
96.1
152.6
179
227.7
236.2
232.2
246.9
50.5
76.6
71.8
91.5
100.6
135.1
152.8
339.3
342.1
92.5
93.7
83.3
87.4
51.6
60.4
70.0
84.0
79.0

Fuel consumption [TJ]

4034
8377
742.0
36.43

2041
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NFR code

1A3biii

1A3biv

Emission factors

Fuel
Gasoline
Diesel

Gasoline

Fuel consumption [TJ]

11788

79.0

Default emission factors for the basic pollutants, lead and particulates were taken from GB 2009 —Tier
1 emission factors. Emission factors for HM were taken from IIR 2010. In the Tables 73 -78. E