eluopase| YMHON jo oiqndoy
LA0d3d AJOLNIANI JAILVINYOLINI

1990-2022







Republic oNorth Macedonia
INFORMATIVE INVENTORY REPORT
1990¢ 2022

Submission under the

Convention on Lonr&ange Transboundary Air Pollution (CLRTAP)

April 2024






Authors

Aleksandra Nestorovska Krstesk Energy and Q&C Manager

Pavle Malkov
Martina Spasovska
Arminda Rushiti

Margareta Cvetkovska

Reviewedand approved by

Katerina Nikolovska

Design and DTP

Katerina Nikolovska

Page 5

Industrial and Solvent sector Expert
Transport Expert
Agriculture Expert

Waste Expert

Republic of North Macedonia INFORMATIVE INVENTORY REPORT



Acknowledgements

This report has been prepared by the Macedonian Environmental Information Center a department
within the Ministry of Environment and Physical Planning. The authors of this report are: Aleksandra
N. KrsteskgCoordinator of Emission inventory and Energy expert), Pavle Malkov (Industry and Solvent
expert), Martina Spasovska (Transport expert), Arminda Rushiti (Agriculture expert) and Margareta
Cvetkovska (Waste expert). The data management and data transfee iNER reporting tables as

well as NFR tool, KCA and trend analysis have been ddhleksandra N.Krstesk&he check of the
content was performed bylartina Spasovska

KS O2 2 M kdifihglbfitige yeport was performed Martina Spasovsks(Head of divisio)
andapproved byKaterina NikolovskéHead of department

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 6



CONTENTS

LIST OF ABBREVIATIOINS .....eeiiiieee ittt sttt e e e e s ee e e e e s sssaaeeaeeessssstaeeeeeeeaannssnneneaens 22
LIST OF FIGURES. ...ttt e e et e e e e e e sttt e e e e e e e ssnntaeaaeeesensstaneeeeeenannnes 30
LIST OF APPENDIXES. ... .ootiiiiiiiiiiiiitie ettt e e e e e s s e e e e e e s nnnbba e e e e e e e aanes 31
EXECUTIVE SUMMARY. ... .ottt ettt e e e e e s s st e e e e e s sibbbeeea e e e s annnbbaeeeaesaans 33
1.1.  Summary of the main differences in the inventory sitieelast submission................ 34
1.2.  Priorities for iMPrOVEMENL. ........cuuiiiiiie e e e e e 40
1.3. Information on recalculatiolq main reasons for recalculations.............ccccooeevvvveiinnnd 40
1.4. Explanation of differences between reported national totals................cccvvvvvennnnee. 40
1.5. Clarification of the reason for differences in reported national totals for the entire territory
1L T AN L@ B I =T o o] o PRSP 40
2. INTRODUCTION. .. .ciiittttiie e e ettt e e e e et e e e e e e st aree e e e e s s saaaeeaaeeessssseaeaeeessansssneaeeeesanne 43
2.1.  National Inventory background..............eoeeioiiiiiii e 43
2.2.  Institutional arrangEmMENTS..........ccooiiiiiiiii e aaaaaa e 51
2.3. INVENLOrY PreParation PrOCESS. . .uuuuuriirrieieeiieeiirereeieereeieeeaaeaaaaaeaaeese e e s e easaasasseneannnannes 52
2.4. Methods and data SOUICES...........coeiiiiiiie et rr e e e e e e e e e e aaaaaaaaaeees 56
P T oV 02 1 =T (o] 1o PP PPPP PSPPI 57
2.6. QA/QC and Verification MEethOds...........uuiiiiiiiiiiiiieeieee e eeaaans 59
2.6.1. Quality control ProCEAUIES........ccooiii e e e e e e e e e e e e aaaaeaeeas 61
2.6.2. Quality asSUranCe PrOCEAUIES........uuuurrirerierieeierereeeeeeeeeeeeaeaaeeaeaaaeaaee e s e aaseasaaaesenananed 62
2.6.3. Archiving and dOCUMEBLION ...........uuiiiiiiiiiiiiiie et e e el 62
2.6.4. CONtINUOUS IMPIOVEMIEIL . ...eiiiiiiiiiiiitieee e ettt e e e e e s saittee e e e e e s s snnnne e e e e e e e s annbeneeeeeeaannne 64
2.7.  General uncertainty evalUation.............ccccciiiiiiiiiiiiiiiiiieree e e 64
2.7 0. RESUIS ..ceeeiie ettt e st e e e e e et e e e e e e e e e e e e e e e e nnrreeeeeeeaanns 65
2.7.2. Background iNfOrMALION...........uueiiiiiiiiiiiie et ee e 69
2.8.  General assessment Of COMPIEIENESS.......cuiiiiiiiiiiiiiie e 71
2.8.1. Sources not estimated (NE)..........cccuuiiiiiiiiiiiiiiiece e d 2
2.8.2. Sources included elSEWIE(IE)...........uuuuuiiiiiiiiiiieiiieeeeeeeee et 73
3. EXPLANATION OF KEY TRENDS.......cottii ittt seee e e e e e e e e e e neneees 77
3.1. Emission Trends for the Main Air Pollutants and.CQ..........cccccveeeiiiieiiiieiieiiiieeeeenn. 77
R 700 Ot O V@ )= 1 1153 [ o 1P 8
70t I N\ AV @ L @ =T 4113 o] o 3 79
70t O F S @ =T 1 7] o o USSR 80
TNt I S 1 =T 1 £S3 [ L= 82
700 I T O @ 2 =T 1 41171 o 1 PRSI 83
3.2. Emission Trends for Particulate Matler.........cccccvviiviiiiiiiiiiiiiiciceccer e a e 84
3.2.1. PMZL0 EMISSIONS.....ciiiiiiiiee ittt ee et e et e eeeaeaeaaaaaaaaaeaaaeaaaaaaaaaasaaaaaaaaaannnnnnned 85

Page 7 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



I |V, A SR =T 113 (0] £ L= TR 87

3.2.3. TSP BIMUSSIONS ...ettttiieeiiiiiitiee e e e e sttt e e e e e st e e e e s saea bbb e e e e e e e s bbb e et eaeessaasbbneeeeeeeaannes 89

T S = T O =T o ¢ 3] o] PSPPSR 90

3.3.  Emission trends for Heavy MEetalS............cooiiiiiiiiiiiiiiiieee e 92

3.3.1. Lead (PDh) EMISSIONS........cccoieieeee e a e e e e e e e e e e e e e e 93

3.3.2. Cadmium (Cd) EMISSIONS........ccoeiiiei it rr e e e e e e e e e e aaaaaaaaaaaeaaeeas 94

3.3.3. Mercury (HQ) EMISSIONS. .....cccuiiiitiiiiieeeeiaiiee et e e e e e e e s s e et e e s e e e e e e e e nneees 95

3.4, EMISSION trends fOr PORS......coiiiii e e e e e e e e e e e e e e e e e 97

Nt N o Y o 77 =0 0] (1] o] 98

3.4.2. Dioxin and Furan emissions (PCDD/E).........ccooo oo 99

3.4.3. Hexachlorobenzene (HCB) €mISSIONS...........cccooeeiiiiiiiiiii e 101

3.4.4. Polychlorinatedbiphenyl (PCB) EMISSIONS.........cuuviiiieiiiiiiiiieeee e 103

ENERGY (NFR SECTQR L) ...citiiiiiiiiiiieeiiiieeiee e siee e tee et saee s teeasneaesse e snaeesnneaesneee s 106

N 1= Tot (o] g )Y 4V 1= Y PO PPPPR 106

4.2.  Public electricity and heat productiedFR 1.A.1.a.............ccooiiiiiiiiicccceeeee 108

4.2.1. MethOdoIOgICaAl ISSUBS.........oiiiieiieee ettt e 109

4.2.2. Sourcespecific uncertainties and tim8eries CONSISIENCY..........evvveeriririrrieeeeriiiieen 113

4.2.3. Sourcespecific QA/QC and verification...........coeeeeeeeeeei e 114

4.2.4. Sourcespecific reCalCUlatioNS...........ccccccuuuiiiiiiiiiiiiiieeeerr e e e 114

4.2.5. Sourcespecific planned IMProvemMENLS..........coooviiieeiiii e, 114

4.3.  Petroleum refining; NFR LA LD, ..o 114

4.3.1. MethOodOoIOgICAl ISSUBS.........iiiiieiieee ettt eee s 114

4.3.2. Sourcespecific uncertainties and timgeries CONSISIENCY.......ccccceuvvvviviiriieerreeeeeees. 116

4.3.3. Sourcespecific QA/QC and verification............cccooeeeeeiiiiie e, 116

4.3.4. Sourcespecific recalculations including changes made in response to the review process
116

4.3.5. Sourcespecific planned improvements including those in response to the review process
116

4.4.  Manufacturing industries and constructig?NFR 1.A.2............coiiiiiiiiiiiiiieee 117

4.4.1. MethodologiCal ISSUBS.........oiiiiiieeee et e e e e e e e aaa e 117

4.4.2. 1.A.2. gviii- Stationary combustion in manufacturing industries and construction: Other
123

4.4.3. Sourcespecific uncertainties and timerieS CONSISIENCY..........cvvveviiiiiiieieeeeriiiieen 128

4.4.4. Sourcespecific QA/QC and verification............coeeeeeeeei e 129

4.4.5. Sourcespecific recalculations including changes made in response to the review process
129

4.4.6. Sourcespecific planned improvements including those in response to the review process
129

N I = 0 ] 0T A 129

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 8



4.5.1. Road transportNFR LA 129

4.5.1.1. Road transpog NFR 1.A.3.bi.bii.biii.biM...............ooiiii e, 129
4.5.1.1.1. MEENOUOIOQY. ... eeeeeeiiiiiiieiie ettt e e e e e e e e e e e e e e e e e anne 129
4.5.1.1.2. Sourespecific uncertainties and timseries CONSISIENCY...........vvvvveeeriiiiiineeeeeennns 135
4.5.1.1.3. Sourcspecific QA/QC and VerifiCation...........cccccvviiiiiiiieiiieiiereeeeeee e e e e, 135
4.5.1.1.4. Sourespecific recalculations including changes made in response to the review process
.......................................................................................................................................... 136

NO reCalCUlatiONS GONE.......co i e e e e e e e e e e e e e e e aaaaaaaaaeaeeaaeans 136
4.5.1.1.5. Sourespecific plannedmprovements including those in response to the review process
.......................................................................................................................................... 136
4.5.1.2. Gasoline evaporatigfrom vehiclesNFR L.A3.b.v......ccccoo e, 136
Y0 2 I \Y 1= 1 g T To (o] [T [ o= 1 I R Y U =T 136
4.5.1.2.2. Sourcspecific uncertainties and timseries CONSISIENCY........cc.vvveveeeriiiiiineeeeeennns 138
4.5.1.2.3. Sourcspecific QA/QC and VErifiCatioN.........ccccuuuviiiiiiiiiiiiiiieerieer e aaae e 138
4.5.1.2.4. Sourespecific recalculations including changes made in response to the review process
.......................................................................................................................................... 138
4.5.1.2.5. Sourcepecific planned improvements including those in response to the review process
.......................................................................................................................................... 138
4.5.1.3. Road vehicle tire and brake wear NFR 1.A3.b.vi and road surface NFeRrl.A.3.biM 38
4.5.1.3.1. MethodOIlOGQICal ISSUBS .......ccuuuiiiiieeiiiitiee ittt 138
4.5.1.3.2. Sourespecific uncertainties and timseries CONSISIENCY.........uvvvvveeeriiiiiireeeeeenns 141
4.5.1.3.3. Sourcspecific QA/QC and VErifiCation..........ccccccvvviiiiiiiiiiiiiiereeeeeeeeeee e, 141
4.5.1.3.4. Sourespecific recalculations including changes made in response to the review process
.......................................................................................................................................... 141
4.5.1.3.5. Sourespecific planned improvements including those in response to the review process
.......................................................................................................................................... 141

T N - 1o o SRR 141
4.5.2.1. International aviation LTEONFR 1.A.3.a0(1)........ccccoiiiiiiiiiiiiiiiiieeeeeeeeeeee e, 141
4.5.2.1.1. MethOdOolOQICal ISSUBS....ccviiiiiiiiiieiieeie e e 141
4.5.2.2. International aviation cruise (CINGINFR 1. A.3.Q0(IL).....cccoevriiiiiiiiiieeiiiiiiieeeeee 142
4.5.2.2.1. MethodOlOQICal ISSUBS ........cuuuiiiiiie ittt 142
4.5.2.3. Domestic aviation cBEC NFR 1.A.3.@01(I1)........cceeeeiiiiieiiiieeieiieeeeeeee e 143
4.5.2.3.1. MethodologiCal ISSUBS .....c.oiiiiiiiiiieeee e 143
4.5.2.3.2. Sourcspecific uncertainties and timseries CONSISTENCY.........c.vvvvveeerriiiiineeeeennnns 144
4.5.2.3.3. Sourcspecific QA/QC and VerifiCation...........ccccuvviiiiiiiiiiiiiiiceccereeeee e e e 144
4.5.2.3.4. Sourespecific recalculations including changes made in response to the review process
.......................................................................................................................................... 145
4.5.2.3.5. Sourespecific planned improvements including those in response to the review process
.......................................................................................................................................... 145

4.5.3. RAIWAYINFR L.A.3.Cuooiieiiiiie ettt et e e e e e e tae e e s st e e e st e e e enaaaeaanneeens 145

Page 9 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



TR T0¢ IO \Y 1= 1 s To o [o] 0 1 145

4.5.3.2. Sourcspecific uncertainties and timgseries CoONSISIENCY........ccccccvvvvviviiriieeriereeeees. 148
4.5.3.3. Sourcspecific QA/QC and VErifiCation..............uviiiiiiiiiiiiiiiiiiiiiee e 148
4.5.3.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 148
4.5.3.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 148

4.5.4. National navigation using diesel fuel o NFR 1.A.3.di.........ocoooeiiiiiiiiiiiiiii, 148

4.5.5. MethodoIOgICal ISSUES.........oiuiiiiieeee et 148
4.5.5.1.Sourcespecific uncertainties and timgeries CONSISIENCY..........cevvverririvrreeeeeenriiienn 150
4.5.5.2. Sourcspecific QA/QC angerifiCation...........cccvviiiiiiiiiiiiiiiiieeeeeee e, 150
4.5.5.3. Sourcspecific recalculations including changes madeeBponse to the review process
.......................................................................................................................................... 150
4.5.5.4. Sourcspecific planned improvements including thaseresponse to the review process
.......................................................................................................................................... 150

4.5.6. Other. Mobile (including military. land based amgreational boats§; NFR 1.A.5.b...150
4.5.6.1. MethOdOlOQICaAl ISSUBS........ccciieieee e e e e e e e aaaa s 150
4.5.6.2. Sourcspecific uncertainties and timseries CONSISIENCY........ccccccvvvvviviiiiieerneeeeeees. 151
4.5.6.3. Sourcspecific QA/QC and VErifiCation.............uuuiiiiiiiiiiriiiiiieiieee e 151
4.5.6.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 151
4.5.6.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 151

4.6. Small Combustion and Nanad mobile sources and machinepNFR 1.A.4............. 151

4.6.1. MethodologiCal ISSUBS..........cciieiieeeee e e e e e e e aa e 151

4.6.2. Sourcespecific uncertainties and tim8eries CONSISIENCY..........evvverririiiiieeeeeriiiieen 152

4.6.3. Sourcespecific QA/QC and verification............coeeeeeeeeii e, 152

4.6.4. Sourcespecific recalculations including changes made in response to the review process

152

4.6.5. Commercial/Institutionat; stationary combustiof NFR 1.A.4.aQl.......ccccevvevveerennnn... 152
4.6.5.1. MethodOlOQICal ISSUBS ........c.uuieiieieeiiiiee e 152
4.6.5.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........uevvveeiiiiiiieieeeee e 156
4.6.5.3. Sourcspecific QA/QC and VerifiCation..............uuuiieiiiiiiiiiiiieiieeeeeee e 156
4.6.5.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 157
4.6.5.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 157

4.6.6. Commercial/Institutionat; stationary combustiog NFR 1.A.4.aii...............ccceenene 157
4.6.6.1. MethodologiCal ISSUBS.........ciiiiieeee et e e e e e e e e aaaaens 157
4.6.6.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........uvvveeerriiiirereeeerriiieee 158

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 10



4.6.6.3. Sourcspecific QA/QC and VerifiCation...........cccuuviiiieiiieiiiiiieiiecceee e, 159
4.6.6.4. Sourcspecific recalculations including changes made in response to the review process

.......................................................................................................................................... 159
4.6.6.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 159
4.6.7. Commercial/Institutionat; stationary combustiof NFR L.A.b.............ccooeiiinnnnns 159
4.6.7.1. MethodologiCal ISSUBS.........ccoie i a e e e e e e aaa e 159
4.6.7.2. Sourcspecific uncertaities and timeseries CONSISIENCY........ccccccvvvvviviiriveerrerrenees. 165
4.6.7.3. Sourcspecific QA/QC and VErifiCation.............uuuiiiiiiiiiiiiiiiiierieeeeee e 165
4.6.7.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 165
4.6.7.5. Sourcspecific planned improvements including those in response to the repiesess
.......................................................................................................................................... 165
4.6.8. Residential: Household and gardening (molgl&)FR 1.A.4.Dii....coceeveeerninil. 165
4.6.8.1. MethodOlOQICal ISSUBS.........euiiiiieeeiiiie e 165
4.6.8.2. Sourcspecific uncertainties and timerieS CONSISIENCY..........uvvvveeiiiiviiiieeeer e 167
4.6.8.3. Sourcspecific QA/QC and VerifiCation...........cccvvviiiieiiieiiiiiieceeeceee e, 167
4.6.8.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 167
4.6.8.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 167
4.6.9. Agriculture/Forestry/Fishing: StationaQNFR 1.A.4.Cl......ccooviiiiiiiiiieiiiiiiiieeeee e 167
4.6.9.1. MethodologiCal ISSUBS..........coiiiiee e e e e e e aaa e 167
4.6.9.2. Sourcspecific uncertainties and timgeries CoONSISIENCY........ccccccvvvvviviiriieerieeeeeeees. 168
4.6.9.3. Sourcspecific QA/QC and VerifiCation...........ccuvuviiiieiiieiiiiiieeeeeeee e, 168
4.6.9.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 169
4.6.9.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 169
4.6.10. Agriculture/Forestry/Fishing: Ofbad vehicles and other machinegyNFR 1A4cii.169
4 G700 I I 1V =1 g To o (o] (o [ o= | B 1S L= 169
4.6.10.2. Sourcspecific uncertainties and timgeries CONSISIENCY..........cccvvveeeeeeriiiciirieeeeenn. 172
4.6.10.3. Sourcspecific QA/QC and verification.................o oo eeeeee e 172
4.6.10.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 172
4.6.10.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 172
4.6.11. Agriculture/Forestry/Fishing: Ofbad vehicles and other machinegyNFR 1.A.4.cili72
4.7.  Fugitive emission from fUGIBIFR L B.........ovviiiiiiiiie e 172
4.7.1. Coal mining and handlingNFR 1.B.1.a......ccccoiiiiiiiieiiiie e 172

Page 11 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



4.7.1.2. Sourcspecific uncertainties and timgseries CoONSISIENCY........ccccccvvvvvvviiriieeriereeeees. 173
4.7.1.3. Sourcspecific QA/QC and VErifiCation.............uuvuiiiiiiiiiiiieiiieiieee e 173
4.7.1.4. Sourcspecific recalculationsicluding changes made in response to the review process
.......................................................................................................................................... 173
4.7.1.5. Sourcspecific planned immvements including those in response to the review process
.......................................................................................................................................... 173
4.7.2. Fugitiveemissions oil: Refining/storaggNFR 1.B.2.aIV.........ccccvvveviiiiiiiiiieiiiiieeeeee, 174
4.7.2.1. MethodOIOQICal ISSUES.........c.eiieieiee ettt 174
4.7.2.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........uvvveeeririvireieeeeriiiieee 175
4.7.2.3. Sourcspecific QA/QC and VerifiCation...........cccvviiiiieiiieiiiiiieeeeeeeee e, 175
4.7.2.4. Sourcepecific recalculations including changes made in response to the review process
.......................................................................................................................................... 175
4.7.2.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 175
4.7.3. Distribution of oil productg NFR 1.B.2.@.V......ccuuiiiiiiiiiiiiiiieeeee e 176
4.7.3.1.MethodologiCal ISSUES.........ccoiieiieeeeee e e e e 176
4.7.3.2. Sourcspecific uncertainties and timseries CONSISIENCY........ccccccvvvvviviiriieerieeeeeens. 177
4.7.3.3. Sourcspecific QA/QC and VErifiCatioN.............uuuiiiiiiiiiiiiiiiierieer e 177
4.7.3.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 177
4.7.3.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 177
4.7.4. Venting and flaring 1.B.2.C.........uuuuiiiiiiiiiiiiiiiiieiiereeee e ee et e e e e e e e e e e e e 177
4.7.4.1. MethOdOlOQICAl ISSUBS........ccciieieee e e e e e e e e e aaaa s 177
4.7.4.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........evvvveeiriiiiiiieeeee e 178
4.7.4.3. Sourcspecific QA/QC and VErifiCation.............uuvuiiiiiiiiiiiiiiiieriiee e 178
4.7.4.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 178
4.7.4.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 178
4.7.5. Other fugitive emissions from energy productiQi.B.2.d............ccccvveeeiiiiiiinieennnn. 178
4.7.5.1. Sourcspecific uncertainties and tiMserieS CONSISIENCY..........evvvveeiiiiiiiiiieeeee e 179
4.7.5.2. Sourcspecific QA/QC and VerifiCation.............uuuuiiiiiiiiiiiiiiieieeee e 179
4.7.5.3. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 179
4.7.5.4. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 179

5. INDUSTRIAL PROCESSES AND PRODUCT USE (NFR.SECTQR .2)............cccceenn. 181
TNt B ST Yo (o] g0 V=T V=Y U 181

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 12



5.2, General deSCHPLON.........oiiiie e a e aaaaaa e 181

5.3.  Mineral produCtSE NFR 2. A ... ...ttt e e e e e e e e e e e e e e e e e e e e e e e s e aaaa 182
5.3.1. Cement ProdUCHIONT 2. A.L......coii it e e e e e e e e 182
5.3.1.1. MethodOlOgICal ISSUES...........uuiiiiieiiiiiiiie et 183
5.3.1.2. Sourcspecific uncertainties and timgeries CONSISIENCY........ccccvvvvvvviriiriieeirereeeeees. 184
5.3.1.3. Sourcspecific QA/QC and verification..........ccccccvvvieeee 184
5.3.1.4. Sourcaspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 184
5.3.1.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 184
5.3.2. Lime productiong, NFR 2.A.2. ...ttt ee e e e e e e e e e e e e e e 185
5.3.2.1. MethodolOgICal ISSUES........cccooiii i e e e e e e e e e e aaaaaaa e 185
5.3.2.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........uvvveriiiiiiiiiieeeeeiiiieee 185
5.3.2.3. Sourcaspecific QA/QC and verification...........cvvviieeiiie 186
5.3.2.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 186
5.3.2.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 186
5.3.3. Glass productiolf NFR 2.A.3.....coo ot 186
5.3.3.1. MethodOlOgQICal ISSUES...........uuiiiiieiiiiiiiie ettt 186
5.3.3.2. Sourcspecific uncertaities and timeserieS CONSISIENCY..........uvvvveiiriiiiiiieeeeeiiiieee 188
5.3.3.3. Sourcspecific QA/QC and verification..........c.ccccceviieiee 188
5.3.3.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 188
5.3.3.5. Sourcspecific planned improvements including those in response to the repreaess
.......................................................................................................................................... 188
5.3.4. Quarrying and mining of minerals other than cQANFR 2.A5.a.........cccccvvvvvvvvveenenn. 188
5.3.4.1. MethodOlOgICal ISSUES.........ccooeiii i e e e e e e e e e aaaaaaa e 188
5.3.4.2. Sourcspecific uncertainties and timgeries CONSISIENCY........ccccvvvvrvviriirieeerreeeenees. 189
5.3.4.3. Sourcspecific QA/QC and verification............ccccvvvieeiiee 189
5.3.4.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 189
5.3.4.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 189
5.3.5. Construction and demolitiog NFR 2.A5.0.......cooiiiiii e, 190
5.3.5.1. MethodOlOgiCal ISSUES...........uiiiiiieiiiiiiiiiiee et 190
5.3.5.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........cevvvvviriiiiieieeeeeiiine 191
5.3.5.3. Sourcspecific QA/QC and verification...........c.ccccvvvvieee e 191
5.3.5.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 191

Page 13 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



5.3.5.5. Sourcspecific planned improvements including those in response to the review process

.......................................................................................................................................... 192
5.3.6. Storage, handling and transport of mineral produgtsFR 2.A.5.C........ccccceeeiviinnen. 192
5.3.6.1. MethodOlOgQICal ISSUE.........coiiiiiiiiiiii et e e e 192
5.3.6.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........cvvverririiriirieeeeriiieee 193
5.3.6.3. Sourcspecific QA/QC and verification..........c.ccccvvvieeie 193
5.3.6.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 193
5.3.6.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 193
5.4,  Chemical INdUSINE NFR 2B........cooiiiiiiiiiieii e 193
5.4.1. Other chemical industrg NFR 2.B.10.8............cccoeeeiiiiiiiiiii e 193
5.4.1.1. Method@QICal ISSUES........ccoeeiiiie e e e e e e e e e e aaaaaaa e 193
5.4.1.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........uvvverririiiiiiieeeenriieen 195
5.4.1.3. Sourcspecific QA/QC and verification..........c.cccvvvviee e 195
5.4.1.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 195
5.4.1.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 195
5.5. Metal Productiong NFR 2.C.....uuiiii it e e e an e e e e e 196
5.5.1. Iron and steel productiog NFR 2.C.1........ooiiiiiiiiiiiiiieee e 196
5.5.1.1. MethodOlOgICal ISSUES..........uuiiiiiiiiiiiiiii e 196
5.5.1.2. Sourcspecific uncertainties and timgeries CONSISIENCY........ccccvvvvrviirvrrreeerrereeeees. 198
5.5.1.3. Sourcspecific QA/QC and verification..........c.cccccvvieeiee 199
5.5.1.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 199
5.5.1.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 199
552. CSNNER I f f 2 8QNER ZMNR. R AZO.U.A .2 Y oo, 199
5.5.2.1. MethOdOIOGICAl ISSUE........uuuuiiiiiiiiiiiiiiee ettt e e e e 200
5.5.2.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........cevveeviriiiiieieeeeeiiiee 201
5.5.2.3. Sourcspecific QA/QC and verification............cccvvvvieeiiee e 201
5.5.2.4. Sourcaspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 202
5.5.2.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 202
5.5.3.  Aluminum producCtiong NFR 2.C.3.......ooii i 202
5.5.3.1. MethodolOgiCal ISSUBS..........uuiiiiiiiiiiiiiii e 202
5.5.3.2. Sourcaspecific uncertainties and timgeries CONSISTENCY........ccccuvruviriirriiiiieeieeeeeeen. 203
5.5.3.3. Sourcapecific QA/QC and verification.............cooovvviiiiii s 203

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 14



5.5.3.4. Sourcspecific recalculations including changes made in response to the review process

.......................................................................................................................................... 203
5.5.3.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 203
5.5.4. Lead productiong NFR 2.C.5.. ... 204
5.5.4.1. MethodolOgICal ISSUES.........ccooeii e e e e e e e e e e e e e aaaeaaaaeas 204
5.5.4.2. Sourcspecific uncertainties and timgeries CONSISIENCY........ccccvvvvvvvirviriieerrereeeenes. 206
5.5.4.3. Sourcspecific QA/QC and verification..........c.ccccvvieei 206
5.5.4.4. Sourcaspecific recalculationsicluding changes made in response to the review process
.......................................................................................................................................... 206
5.5.4.5. Sourcspecific planned immvements including those in response to the review process.
.......................................................................................................................................... 206
5.5.5. ZIincproductionNFR 2.C.6.......coooiiiii e a e e e 207
5.5.5.1. MethodologiCal ISSUES.........ccooiiiii i e e e e e e e e e e e aaa e 207
5.5.5.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........evvverriiiiiiiiieeeeeiiiieen 208
5.5.5.3. Sourcspecific QA/QC and verification...........ccvvviieeiiei 208
5.5.5.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 209
5.5.5.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 209
5.5.6. Copper productioNFR 2.C.7 8. ....uuiiiiiiiiiiiiiie et 209
5.5.6.1. MethodOlOgiCal ISSUES..........uuiiiiiiiiiiiiiee e 209
5.5.6.2. Sourcspecific uncertainties and timgeries CONSISIENCY........cccccvvvvivvirierireerreeeenens. 210
5.5.6.3. Sourcspecific QA/QC and verification..........c.ccccceeiieee 211
5.5.6.4. Sourcaspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 211
5.5.6.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 211
5.5.7. Other metal productiog NFR 2.C.7.C.....uuuuuiiiiiiiiiiiiiiiieiereieeeeeee e e e e e aa e 211
5.5.7.1. MethodolOgiCal ISSUES........cooiiieiieei ettt e e e e e e e e e e e e aaaaeeaeens 211
5.5.7.2. Sourcepecific uncertainties and timgeries CONSISTENCY........ccccvrurrriiriiiiieenieeeeeeen. 211
5.5.7.3. Sourcspecific QA/QC and verification............cccvvviiveiiee 211
5.5.7.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 211
5.5.7.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 212

5.6.  The NEIT noted that EF for SOx is miss linked in calculation file to | excel column instead of
E excel column and thisilwbe corrected in the next submission. Other products and solvents used

CINFR 20D ettt ettt ettt ettt et ettt e et ettt ettt ettt ettt e, 212
5.6.1. Domestic solvent use including fungicides NFR 2.D.3.a.................ccooeei i, 212
5.6.1.1. MethodolOgICal ISSUBS........cccoeei i e e e e e e e e e e aaaaaaaaaeeas 212

Page 15 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



5.6.1.3. Sourcspecific QA/QC and verification..........c.ccccviieeie 214
5.6.1.4. Sourcaspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 214
5.6.1.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 214

5.6.2. Road paving with asphalt NFR 2.D3.0........cccccciiiiiiiiiiiiiiieien e, 214
5.6.2.1. MethodolOgICal ISSUBS.........ccooei i e e e e e e e e e aaaaaaaaeas 215
5.6.2.2. Sourcspecific uncertainties and timgerieS CONSISIENCY.........ccvvverririiriieieeeeniiieee 216
5.6.2.3. Sourcapecific QA/QC and Verification.............ovvvviieeiiie 216
5.6.2.4. Sourcspecific recalculationsi¢luding changes made in response to the review process
.......................................................................................................................................... 216
5.6.2.5. Sourcspecific planned immvements including those in response to the review process
.......................................................................................................................................... 216

5.6.3. Asphalt roofing NFR.D.3.C....coeeiiiiiiiiiiiie ittt 216
5.6.3.1. MethodOlOgICal ISSUES...........uviiiiieiiiiiieie et 216
5.6.3.2. Sourcspecific uncertainties and timgeries CONSISIENCY........ccccvvvvivvirierrieerrereeeeens. 218
5.6.3.3. Sourcspecific QA/QC and verification..........ccccccvvieeiee 218
5.6.3.4. Sourcaspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 218
5.6.3.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 218

5.6.4. Coating applicatiog NFR 2.D.3.0. ...t 218
5.6.4.1. Sourcspecific uncertainties and timgeries CONSISIENCY........ccccvvvvivvirierireerrereenees. 220
5.6.4.2. Sourcspecific QA/QC and verification..........c.cccceiieeiee 220
5.6.4.3. Sourcaspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 220
5.6.4.4. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 220

5.6.5. DegreasingNFR 2.D.3.6 ...ttt a e 220
5.6.5.1. MethodolOgiCal ISSUES........coei ittt e e e e e e e e e e e e aaaaaeaens 220
5.6.5.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........eevveviiiiiiiieieeeeriiiee 221
5.6.5.3. Sourcspecific QA/QC and verification...........c.cccvvviieeiieee 221
5.6.5.4. Sourcaspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 221
5.6.5.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 221
5.6.5.6. Dry cleaningNFR 2.D.3.1......oiiiiiii e 222
5.6.5.7. MethodOlOgQICal ISSUES...........uuiiiiiiiiiiiiiieee et 222
5.6.5.8. Sourcspecific uncertainties and timgerieS CONSISIENCY..........cvvverrrriiriirieeeerriiieen 222

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 16



5.6.5.9. Sourcspecific QA/QC and verification..........c.cccccveiieei 222
5.6.5.10. Sourcspecific recalculations including changes made in response to the review process

.......................................................................................................................................... 222
5.6.5.11. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 222
5.6.6. Chemical productg NFR 2.D.3.0....ccccoeiiiiiiiii e rre e 222
5.6.6.1. MethodolOgICal ISSUES........cccooiiii e e e e e e e e aaaaaaaaeas 223
5.6.6.2. Sourcspecific uncertaities and timeseries CONSISLENCY........ccccvvvvvviirierireerrereeneens. 225
5.6.6.3. Sourcapecific QA/QC and verification..........c.cccvvvvieeiiie e 225
5.6.6.4. Sourcaspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 225
5.6.6.5. Sourcspecific planned improvements including those in response to the repieaess
.......................................................................................................................................... 225
5.6.7. Printing NFR 2.D.3. ... ettt e e e e 225
5.6.7.1. MethodOlOgQICal ISSUES...........uuiiiiieiiiiiiiie et 225
5.6.7.2. Sourcspecific uncertainties and timgerieS CONSISIENCY..........uvvverririiiiiiieeeeeiiiieen 226
5.6.7.3. Sourcspecific QA/QC and verification..........c.cccccveieeiie 226
5.6.7.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 226
5.6.7.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 226
5.6.8. Other solvent and product useNFR 2.D.3.iand 2.G.........cccccocrvmriiniiiiiiiiiiieeeeeeee, 226
5.6.8.1. MethodologiCal ISSUBS.........coooiiiii e e e e e e e e e e aaa e 226
5.6.8.2. Sourcspecific uncertainties and timgeries CONSISIENCY........ccccvvvvvvviiveriveeereeeeeees. 230
5.6.8.3. Sourcaspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 230
5.6.8.4. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 230
5.6.9. Food and beverages industiFR 2.H.2.........cccccco s 230
5.6.9.1. MethodolOgiCal ISSUBS........cooiiieiieii it e e e e e e e e e e e e aaaaeeaens 230
5.6.9.2. Sourcaepecific uncertainties and timgeries CONSISTENCY........ccccvuuvrriiriiieiieeieeeeeeen. 233
5.6.9.3. Sourcspecific QA/QC and verification..........c.ccccvvviiee e 233
5.6.9.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 233
5.6.9.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 233
No planned improvements in thiS CAtEgOIY........uuviiiiiiiiiiiiiie e 233
5.6.10. Wo00d processing NFR 2.1........uuuiiiiiiiiiiiiiiee e 233
5.6.10.1. MethodolOgICal ISSUBS.........ciuuiiiiiie e 233
5.6.10.2. Sourcspecific uncerinties and timeseries CONSISIENCY...........uvvveeeriiiiiiiereeennnnns 234

Page 17 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



5.6.10.3. Sourcepecific QA/QC and Verification..........ccccccciviviiiiiiiiiieeereeee e ee e 234
5.6.10.4. Sourcspecific recalculations including changes made in response to the review process

.......................................................................................................................................... 234
5.6.10.5. Sourcspecific planned improvements including those in response tag¢hiew process
.......................................................................................................................................... 234
5.6.11. Consumption of POPs and heavy metadFR 2.K............cccccvvviviviivieiiiereeeeeeeeee, 234
5.6.11.1. MethOodOolOGICal ISSUBS......uuviiiiiiiiiiiiiee e e 234
5.6.11.2. Sourcepecific uncertainties and timgeries CONSIStENCY..............coceeeeiveccninninnnns 235
5.6.11.3. Sourcsepecific QA/QC and VerifiCation..........ccccccviriiiiiiiiiiiiiieeeeeeee e e 235
5.6.11.4. Sourcspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 235
5.6.11.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 235
AGRICULTURE (NFR.)...eitiiiiiiie e iiiiee ittt see e sitaea e st e e e s sssaeaeannneeessnnneeeesnnneeas 237
20t B S T Yo (0] g0 V7= V=Y USRI 237
6.2.  GeNEral ESCHPLION. ....ciiii ittt e e e e e e e s s nnnn e e eas 237
6.3. Manure management NFR 3.B.......couiiiiii e 239
6.3.1. MethodologiCal ISSUES.........ccoeieiii e e e e e e e e e e aaaaaaa e 239
6.3.1.1. Activity data and background information on the activity data............c..c...cccoe..... 239
6.3.1.2. EMISSION fACIOLS......cci ittt e e e e e e e e e e e e e e e e e e e e s e e s e e e e s aaanas 245
6.3.2. Sourcespecific uncertainties and timgerieS CONSISIENCY.........cceveeririiiirieeeeeriiiieen 247
6.3.3. Sourcespecific QA/QC and verification.................ooeo e 248
6.3.4. Sourcespecific recalculations including changes made in response to the review process
248
6.3.5. Sourcespecific planned improvements including those in response to the review process
249
6.3.5.1. MethodOIlOGQICal ISSUES...........uuiiiieeiiiiiiiee et 249
6.3.6. Animal manure applied t0 s0ils (NFR 3.D.2.2)......cuvueiiiiiiiiiiiiiiiiiieiieeeeeeeeee, 251
6.3.6.1. MethodOolOGICal ISSUES........cccooi i e e e e e e e aaaaaaa e 251
6.3.7. Urine and dung deposited by grazing animals (NFR 3.D.2.3).........cccccvvveennnnnnen. 252
6.3.7.1. MethodOlOgQICal ISSUES..........uuiiiiiieiiiiiiiie et 252
6.3.7.2. Sourcepecific uncertainties and timgeries CONSISTENCY........ccccuvvurrriiriieiieeeeeeeeeeen. 252
6.3.7.3. Sourcapecific QA/QC and verification.............coooviiiieii s 253
6.3.7.4. Sourcaspecific recalculations including changes made in response to the review process
.......................................................................................................................................... 253
6.3.7.5. Sourcspecific planned improvements including those in response to the review process
.......................................................................................................................................... 253
6.3.8. Farmilevel agricultural operations including storage, handling, and transport of agricultural
o]0 o 18 Tot £ (AL G T I N o OSSP 253
6.3.8.1. MethodOlOgICal ISSUES...........uviiiieiiiiiiiie e 253

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 18



6.3.8.2.Sourcespecific recalculations including changes made in response to the review process

.......................................................................................................................................... 254
6.3.8.3. Sourcespecific planned improvements including those in response to the review process
.......................................................................................................................................... 254
6.3.9. 3.D.€ CUIIVALIEU CrOPS.....ciiiuettteieeeee ettt e e e e s st et e e e s e e e e e e s e e e e e s e snnnreeeeeas 255
6.3.9.1. MethodolOgICal ISSUES........ccceeiiie e e e e e e e e e e aaaeaaaaeas 255
6.3.9.2. Sourcspecific recalculations including changes made in response to the reviewsproc
.......................................................................................................................................... 256
6.3.9.3. Sourcspecific planned improvements including those in response to the revieseps
.......................................................................................................................................... 256
6.3.10. Field burning of agricultural reSidueBlFR 3.E...........cccoiiiiiiiiiiieeeeieeeen 256
7. WASTE (NFR D) iiiiiiii ettt e e e e e et e e e e e st e e e e e e s nnsa e e e e e e e s ennnrnees 258
4% T S 1= Tox (o] 0 1Y/ 1= Y PSR SPPPPPPRRR 258
% N S |V =1 To o (o] (0T |/ PR PRRUURUPRRRR 259
7.1.2. Sourcespecific uncertainties and timgerieS CONSISIENCY.........ccvveerrriiirirrieeeeriiiienn 259
7.1.3. Sourcespecific QA/QC and verification..............ccee oo eee e 259
7.1.4. Sourcespecific recalculations including changes made in response to the review process
260
7.1.5. Sourcespecific planned improvements including those in response to the review process
260
7.2.  Solid waste disposal on 1and (NFR 5.A)........oiiiiiiieeeieee e 260
7.2.1. MethOdoIOQICAl ISSUBS........c.uuiiiiiieeeiiiiiiee ettt e e eee s 260
7.2.2. Sourcespecificuncertainties and timeseries CONSISIENCY........ccccvvvvvvvivirriieeerereenens. 264
7.2.3. Sourcespecific QA/QC and verification.................oooo i 264
7.2.4. Sourcespecific recalculations including changes made in response to the review process
264
7.2.5. Sourcespecific planned improvements including those in response to the represess
264
Reaclculation of NMVOC emissions for for period 22222, due to the fact that valufor last
reporting year of GHG emissions was presented for the latest three years..................... 264
7.3. Biolbgical treatment of wast€€ompostingNFR 5.B.L..........ccccccuuviviimiiiiieiiiieieeeeeeeenn. 264
7.3.1.1. MethodOlOgICal ISSUES..........uuuiiiiieiiiiiieie et 264
7.3.2. Sourcespecific uncertainties and timgerieS CONSISIENCY.........ccvvvvririviiiieeeeeriiiienn 265
7.3.3. Sourcespecific QA/QC and verification..............ccooe oo 265
7.3.4. Sourcespecific recalculations including changes made in response to the review process
265
7.3.5. Sourcespecific planned improvements including those in response to the review process
265
7.4.  Clinical Waste incineratiofNFR 5.C..........ooooiiiiiii e 266
7.4.1. MethodologiCal ISSUES.........ccoeei i e e e e e e e e e e aaaaaaaaaeeas 266
7.4.2. Sourcespecific uncertainties and timgerieS CONSISIENCY.........cuvveerrriirirrieeeerriiiene 268

Page 19 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



7.4.3. Sourcespecific QA/QC and verification.................oooee e 268
7.4.4. Sourcespecific recalculations including changes made in response to the review process

268

7.4.5. Sourcespecific planned improvements including those in response to the review process
268

Recaluculation of SOx emissions due to omiited number in the emission factor. EF 1.4 has been used

1S (== T [ o) 0 0t TP RUP PP 268

7.5. Open burning of WasteNFR 5.C.2.........cuuuiiiiiiiiiiiiiieieeceeeeeee e 268

7.5.1. MethodologiCal ISSUES.........ccceieiii e e e e e e e e e e e aaaaaaaaeas 268

7.5.2. Sourcespecific uncertainties and timgerieS CONSISIENCY.........cuvverririiriirieeeeriiiiene 270

7.5.3. Sourcespecific QA/QC and verification..............cooee oo 270

7.5.4. Sourcespecific recalculations including changes made in response to the review process
270

7.5.5. Sourcespecific planned improvements including those in response to the review process
270

7.6. Waste water treatment NFR 5.D.1 and 5.D.2...........ccooeiiiiiiccenneiiiiiiieiieneeeeeeeee 271

7.6.1. MethOodoIOQICAl ISSUES...........uuiiiiieeeiiiiieee et e e s ee e 271

7.6.2. Sourcespecific uncertainties and timseries CONSISIENCY.......ccccvvvrivvirverrieerreeeeeeees. 272

7.6.3. Sourcespecific QA/QC and verification................ooooe i 272

7.6.4. Sourcespecific recalculations including changes made in response to the review process
273

7.6.5. Sourcespecific planned improvements including those in response to the review process
273

8. NATURAL SOURCES. ...ttt ettt et e e e tee e e e e e e e st e e e enaaeeesnnreeeeennes 275

S0 I S 1 Tox (o] 0 1Y/ = ] 1= Y PRSP OPRPPPRRR 275

8.2, GeNEral UESCIPLION. .. .ciiii ittt e e e e e e e e nnr e eeas 275

8.3. FOorest fireL NFR L1.B...ouieiiii et e e e e e e e e eenenes 275

8.3.1. MethOodoIOQICal ISSUES........c.uuuiiiiieeeiiitiiee ettt eeaeas 275

ST 200 I Yo 11 V71 Y - | = OSSR 275

8.3.1.2. EMISSION TACKOLS. ... oottt e et e e e e e e e e e e e e e e e e e e e e e e e e e e aaanas 277

8.3.2. Sourcespecific uncertainties and timgerieS CONSISIENCY.........ccuvevririiiiieieeeeriiiiene 277

8.3.3. Sourcespecific QA/QC and verification...............cooeeeee e 277

8.3.4. Sourcespecific recalculations including changes made in response to the review process
277

8.3.5. Sourcespecific planned improvements including those in response to the review process
277

9. RECALCULATIONS AND IMPROVEMENTS.......oooi e 279

9.1. RECAICUIALIONS.......cceiiieieee e e e e e e e e e e e aaaaaaeas 279

9.1.1. Explanation of recalculations per SECLOL.........cccccuiiiiiiiiiiiieeeeeeeeeee e e e e e e 279

9.2.  Planned IMProVemMENTS. . ........ i it e e e e 285

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 20



9.3.  Status of implementation of ERTsdapth review recommendations (CLRTAP stage 3

(s}

review and if applicable NECD FreVIieW)..........ccooeeeeieiiii et 286
9.3.1. Status of implementation of last and previous reviews............ccccvveeeviiciiieeeee s 286
9.3.2. Progress a schedule for implementation.............ccccoiiiiieeee e 292
Those recommendations given by the stage 3 review that have not implemented by now are listed
IN e 1abIE DEIOW.......ueiiiii e 292
10. o O N L (@ ]\ SRR 300
11. REPORTING OF GRIDDEISEIKINS AND LPS......cccoiiieiiiiiie it siiee e 301
12. ADJUSMENTS ...ttt e e e e e e e e e et e e e e e e s sssaeeeeeeeeaansssreaeaeeeeennnees 303
REFERENCES . .....oo oottt ettt e e e e e st e e e e e e st e e e e e e easssaeeeeeeeeannsanneeaeeesannnnees 304
APPENDIX 1: Key Category analySIS.......cccccuuiiiiiiiiiiiiiiiriieeieeeieeeieeeeeeeeaaa e s e e e s s s essssssssssasnnsnnnes 307
ltt9b5L- HY {dzYy NB a2d2NOS aSOG2NR dzasS t a
COMPONENL (SEE DEIOW).....ceiiiiiiiiee e e e e e e e e e e e e e e e e e e e e 317
APPENDIX 3 Further elaboration of COMPIETENESS........coviiiiiiiiiiiiieee e 330
APPENDIX 4 National energy balance 2022..............ccuviiieiiiiiiiiiieeeeeee e 331
APPENDIX 5 Useful informatiofNomenclatue for reporting format (NFR)Format for reporting
under the UNECE/LRTAP convention for 2022.............uuuiiiiiiiiiiiiieie e 333

Page 21 Republic of North Macedonia INFORMATIVE INVENTORY REPORT

Qx

Qx



[L{¢ . h@&9xL! ¢Lhb/{

AEDEM
CARDS
CPAPRM
CRF

EB

EEA

EMEP

ETC/ACC
ERT

EU

GB
GHGs
GPG
HDVs
HM
IPCC
KCA
LDTs
LE

LHV
LPS
MAFWS
ME
MEIC
MEPP
MOI

MS
NAPFUE
NERP
NEAP
NFR
PCs

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT

Air BEmissionsData ExchangeModule

Gommunity Assistance foReconstructionDevelopment and3tabilization
Cadastre ofpolluters andair pollutants inRepublic ofNorth Macedonia
GCommonReporting Format

ExecutiveBody

EuropeanEnvironmentAgency

Cooperative Programme féfdonitoring andEvaluation of the Longange
Transmission of ARollutants inEurope

EuropeanTopic Gentre onAir anddimate Change
Expert Review Team

EuropeanUnion

Guidebook

GreenhouseGases

Good PracticeGuidance (of the IPCC)
Heavy-Duty Vehicles

HeavyMetals

IntergovernmentalPanel ondimate Change
Key CategoryAnalysis

Light-Duty Trucks

Law onEnvironment

Low HeatingValue

LargePoint Source

Ministry of Agriculture,Forestryand Water Supply
Ministry of Economy
MacedonianEnvironmentallnformative Centre
Ministry of Environment andPhysicalPlanning
Ministry ofInterior

MemberSate

Nomenclature forAir Pollution of Fuds
National EmissionReductionPlan

National EnvironmentalAction Plan
NomenclatureFor Reporting

PassengefCars

Page 22



POPs
QA/QC
RM
SNAP
SSO

UNECE/
CLRTAP

UNFCCC
CORINAIR
EAF
WWTP
CAA
NEIT
MOD
PEMF
MAFWS
2W

AS

AN

CAN

Page 23

PersistentOrganicPollutants

Quality AssuranceQuality Control
Republic ofMacedonia
SelectedNomenclature forAir Pollution
Sate Satistical Office

United NationsEconomicCommission forEurope/Convention onLongrange
TransboundanAir Pollution

United NationsFrameworkConvention onCimate Change
QORe INventory AIRemissions

BectricArc Furnace

Wastewater TreatmentPlants

Qvil Aviation Agency

National Emissioninventory Team

Ministry of Defense

Public eEnterpriseMacedoniarForests

Ministry of Agriculture, Forestryand Water Supply
Two Wheelers

Amonium SQulfate

Amonium Nitrate

CalciumAmonium Nitrate

Republic of North Macedonia INFORMATIVE INVENTORY REPORT



[L{¢ hC ¢! .[9¢{

Table 1 Emission trends 19§@022 for the main air pollutants and CO...............cccccvvvvvvvnnnneen. 35

Table 2 Emission trends for particulate matter IZBHP2..............cuueerimrmimmmmeeeeeeeriereeeeeeeaeeaeaaaaeens 36

Table3 Emission trends for heavy metals 19HIP2............ccuvvieeeeeiiiiiieieee e 37

Table 4 Emission trends for POPS TA002............cccooiiiiiiiiiiiiiiiiieiieeeeeeeeeee e e a e e e e e e e e e e e e e 38

Table 5 Status of ratification of the protocols under CLRTAR..........oooooiiiiiiiiieeee e 44

Table 6 Development of the inventory work in North Macedania.............cccccveeevviiiiiieeeennnne 48

Table 7 ACHVILY JAtA SOUMCES .......ciiiiieiieee e e ettt e e e e e r e e e e e s ennrnneeeeeeeaan 56

Table 8 Key categories for all air pollutants for 2022................ccoveeiiniiiiiiee e 58

Table 9 Completeness ANalySiS 2022...........ooii oo 60

Table 10 Annual time SChEAUIE..........ooiiiiiieeeeeee e 61

Table 11 Rating definitions for aCtivity datal..............evvieiiiiiiiiiiee e 65

Table 12 Rating definitions for @MiSSIRCIOIS. ............uviiiiiiii e 65

Table 13 Result of overall uncertainty estimation for the main pollutants I$Q, NMVOC, N+and
PP TPPPPPRPR 65

Table 14 Uncertainty estimation of S€@nissions 1990 and 2022..................ooeeeeeveeeieccccnnnnnnns 66

Table 15 Uncertainty estimation of N&missions 1990 and 2022.............ccccccvcvvivnninnnnninnnennnn 66

Table 16 Uncertainty estimation of NMVOC emissions 1990 and.2022.................cccceeeeennnns 67

Table 17 Uncertainty estimation of Blemissions 1990 and 2022.............cccccovcivvvvnninnnnninnnennnn) 68

Table 18 Uncertainty estimation of PM2.5 emissions 1990 and.2022..........cccccvvevveeveieeennnn.. 69

Table 19 Relative errors of livestock SUrvey 2015...........ccuiiiiiiiiiiiiiiiiiireeereeee e e ee e ea e e e e e 71

Table 20 Notation keys used inthe NER............oooiiiiii e 71
¢FofS HM bdzYoSNI 2F ay2d SadGAYl .S RE..0.D.9.0...TAISNI &S O
¢Fro0ofS HH bdzYoSNI 27 a)\;/Ofdsz?Sli Sféé.ﬁKSNJS ...... “L 90
¢l ofS Ho bdzYoSNI 2F ab2d | g fAl.af.S£...0.0b1L.0.. TSN 2S04
¢FrofS Hn bdzYoSNI 2F ab2d 200dzNRY.AE..0.bhD J.JS4NJ aS0O0z2
Table 25 Emission trends 198@021 for the main air pollutants and CO...............cccceeeeeeeeenn. 77

Table 26 Emission trends for particulate matter 12BR2............ccoeeeriiiiiiriiieeeiiiiieeeee e 84

Table 27 Emission trends for heavy metals 290D2................oooiiiiiiiiiiiiiiie e 92

Table 28 Emission trends for POPS 120D2.............coouiiiiiiieieiee e 97

Table 29NFR categories included in Energy sector for 2022.............ccceeviiiiiiieieeee e 106

Table 30 NFR categories not included in Energy sector for.2022...........cccccoovciieeeeeenniiiinnnn. 107

Table 31 TPP and DHP Installation technical properties and.BAT...........cccccvvvveevveeeeeeeeenenen. 109

Table 32 Activity data for source category 1.A.1.a Public electricity and heat production by type of fuel
.............................................................................................................................................. 110

Table 33 Emission factors for source category Public electricity and heat production 1.A.1.a by type of
10 = PSSR 111

Table 34 Implied Emission factors for source category Public electricity and heat production 1.A.1.a by
using measurements data for period 20@DL2...........oooviiiiiiiiiiiiiiiie 113

Table 35 Implied Emission factors for source category Public electricity and heat production 1.A.1.a by
1877 L0 LU= I (o g2 0 2 1 113

Table 36 Activity data for source category 1.A.Pétroleum refining by type of fuel................ 115

Table 37 Emission factors for source category 1.APetroleum refining.........cccccoovcvvvieeeeinnns 116

Table 38 Activity data for source category 1.Ac2tationary combustion in manufacturing industries

and construcdn: IroN aNd STEEL.......uueieiiieiiee e 117

Table 39 Activity data for source category 1.A:Skationarycombustion in manufacturing industries

and construction: 1ron and StEEL..........uveeviiiiii e 118

Table 40 Activity datfor source category 1.A.2.8&tationary combustion in manufacturing industries

and construction: CheMICAIS...........oviie i e e e e e aaaaaaaaa e 119

Table 41 Activity data for source category 1.A:Sthtionary combustion in manufacturing industries

and construction: Pulp. paper and Print...........ooooiiioiie e e 120

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 24



Table 42 Activity data for source category 1.A-B&ationary combustion in manufacturing industries

and construction: Food processing, beverages, and tobacCQ...........uvevvveeveeeiiiiiiiiiiieieeeeee, 121
Table 43 Activity data for category SOUICE CateQOIY.........uurrurrrimiiirrerrrerierrrereeereieaeaaeaaaaaaaaanns 122
Table 44 Activity data for source category 1.A.2:gvibbile Combustion in manufacturing industries
and construction: fOr BSEI fUEL..........ee i 123
Table 45 Emission factors for source category 1-AStationary combustion in nmafacturing
industries and construction for DIOMASS........oovviiiii 124
Table 46 Emission factors for source cmtey 1.A.2- Stationary combustion in manufacturing
industries and construction for gaseous fUEL............c.uviieii i 125
Table 47 Emission factors for source category 1l-AStationary combustion in manufacturing
industries and construction for SOlid fUEl...........cooo i 126
Table 48 Emission factors for source category 1l-AStationary combustion in manufacturing
industries and construction for lIQUId fUEL..............cooriiiiiiei e 126
Table 49 Emission factors for category 1-ASPationary combustion in manufacturing industries and
CONSLrUCtioN: Other fOr CIINKEL ... i ee e e e e 127
Table 50 Emission factors for source category 1.A.2-gMidbile Combustion in manufacturing
indudries and construction: for dieSel fUl.............uevvii i 128
Table 51 Activity data for source categdni.3.b- Road transport for period 1992022............. 132
Table 52 Activity data for source category 3.B.Road transport for 2022............cccvvveevveeeeenn. 133
Table 53 Emission factor for source category 1.ARdmd Transort used for calculation of emissions
in the period 199€2004 by use of Tier 1 methodology........cccuviiiiiiiiiiieiiieieeeieeeeee e, 134

Table 54 Activity data for source category 1.A-33asoline evaporation for Tier 1 calculation137
Table 55 Evaporative emissions emission factors source category 1.AGabuline evaporation for

gasoline fueled road vehiclesg KSy RFAf & G SYLISNI G dzNB...NL.y.A% A &

Table 56 Activity data for the source categories 1.A.3.lR0ad vehicle tire and brake wear and

1.A.3.D.Vii ROA SUIMACE WEA........cce e e a e e e e e e e e e e e e e e e e e e e eeas 139
Table 57 Emission factors for source category 1.A.3.Bead vehicle tire...........cccccceeeviiinnen. 140
Table 58 Emission factors for the source category 1.A.3.bvii Road surface.wear................. 140
Table 59 Activity data for source category 1.A.3.aififernational aviation LTO civil (hnumber of LTO)
.............................................................................................................................................. 142
Table 60 Emission factors for source category 1.A.3-dn(@rnational aviation LTO civil......... 142
Table 61 Activity data for fuel consumption for source category 1.A.3:alifiigrnationd aviation
(o (0T ET = (o] 1Y/ ) PP PP PP PP PPP 143
Table 62 Emission factors for 1.A.3.ai(iijternational aviatiorcruise (Civil)..........ccccceveerinnnen. 143
Table 63 Activity data for source category 1.A.3.aiildmesticaviation cruise (civil)................ 144
Table 64 Emission factors for NFRA.3.ali (ii)........uuurriiiiiiiiiiiiiiieieiiecieeeeee e 144

Table 65 Activity data for diesel fuel consumption in source category 1Raidways; Tier 1..146
Table 66 Activity data for diesel fuel consumption in source category 1¢/Raitways for 20262022

= PSPPSR 146
Table 67 Emission factors for source category LREBIWAYS...........uuuuuieeeiiiiiiiiiiiiiiiieaiiaaeaeeenn 147
Table 68 Activity data for diesel consumption for source category 1.A:3dtional navigtion - using
diesel fuel 0il 199B2022....... ... ettt e e e e e e e e e et e e e eeeeeeees 148
Table 69 Emission factors for source category 1dA@National navigation................ccccceeeee.. 149
Table 70 National content of sulfur in diesel used for calculatioSOx emissions 1.A.3.¢iNational
(aF AV o = Ui o] o I TP PP PO PPPPPPP 150
Table 71 Activity data for liquitiel and aviation gasoline consumption for source category 1.4.5.b
(@)1 a1 Y 0] o T1 [STR (o] @2 01 L5 0 2T 151
Table 72 Activity data for the source category 1.A.4.ai Commercial/lnstitutiQnsdationary
Lo 0] o1 1S3 1o o 152
Table 73 Emission factors for biomass for source category 1.A.€aimmercial/lnstitutionalg
StAtioNArY COMBUSTION.......ccii i e e e e e e e e e e e e e e e e aaeaaaaeeaaeasaeessaassaesaannnnnnes 153

Page 25 Republic of North Macedonia INFORMATIVE INVENTORY REPORT

NE



Table 74 Emission factors for solid fuels for source category 1.A.@@inmercial/lnstitutionalg
StAtioNArY COMBUSTION.......cci i e e e e e e e e e e e e e e e eaaeeaeaaaeaeasaeeseaassasaannnnnnnes 154
Table 75 Emission factors for gaseous fuels for source category 1-ACédrmimercial/lnstitutionak
StAtioNArY COMBUSTION.......coi i e e e e e e e e e e e e e e e e e eaaeeaaaeeeaeasaeeseaassassaannnnnnes 155
Table 76 Emission factors for liquid fuels for source category 1.A.@@nmercial/lnstitutionak
StatioNAry COMDUSTION......eeiiiiiiiiii e e e e e e e e e e nnnnees 156
Table 77 Activity data for the source category 1.A.4.aii Commercial/Institutional: Mobhile....157
Table 78 Emission factors for liquid fuels for source category 1.A.£€aimmercial/Institutioml ¢

70} o1 PSPPSR 158
Table 79 Consumption and Number of households using the type of energy...................... 159
Table 80 Activity data for source category 1.A.4Residential: Stationary..........cccccoeecvvvveeeenn. 160
Table 81 Emission factors for biomass for source category 1.ARkekidential: Stationary....... 161
Table 82 Emission factors for coal for source category 1.ARdsidential: Stationary.............. 161

Table 83 Emission factors for natural gas for source category 1.AREbidential: Stationary....163
Table 84 Emission factors for liquid fuels for source category 1.ARdsidential: Statioary......164
Table 85 Activity data for source category 1.A.4.Besidential: Household and gardeg (mobile)

.............................................................................................................................................. 166
Table 86 Emission factors for source category 1.A.4.Biesidential: Househdland gardening
(a0 o 1= PP 166

Table 87 Activity data for source category 1.A4Aariculture/Forestry/Fishing: Stationary......167
Table 88 Activity data for source category 1.Ai4.&igriculture/Forestry/Fishing: Ofbad vehicles

AN Ot MACKINEIY......u ittt a e e e reereeeeees 169
Table 89 Emission f@ource category 1.A.4.ciiAgriculture/Forestry/Fishing: Ofbad vehicles and
other machinery fOr AIESEL.........cooo e e e e e e e e 170
Table 90 Emission factors for LPG source category 1.A.Aghiculture/Forestry/Fishing: Ofbad
vehicles and Other MACNINELY...........uuiiii e e e 171
Table 91 Emission factors for gasoline for source category 1.AAgeiculture/Forestry/Fishing: Off
road vehicles and other MAaChINELY..........ooiiiiiii e 171
Table 92 Activity data for source category 1.B-Eagitive emission from solid fuels: Coal mining and
(T T80 |11 0T O PP PP PPPPPR PP 173
Table 93 Emission factors forl.B.1.Bugitive emission from solid fuels: Coal mining and handling
.............................................................................................................................................. 173

Table 94 Activity data for source categdrid.2.aiv Fugitive emissions oil: Refining/storage...174
Table 95 Emission factors for source catedoBy.2.aiv Fugitive emissions oil: Refinirggdrage.174

Table 96 Activity data for source category 1.B.2-&istribution of oil products....................... 176
Table 97 Emission factors for source catedoB/2.a.v Distribution of oil productfor NMVOC.176
Table 98 Activity data for source categdr.2.c- Venting and flaring............cccccoevivviiinnnnnnee. 177
Table 99 Emission factors for source catedd@c Venting and flaring...........cccccccon. 178
Table 100 Activity data for source categarfs.2.d- Other fugitive emissions from energy production
.............................................................................................................................................. 179
Table 101 Emission factors for source catedoB;2.d-Other fugitive emissions from energy...179
Table 102 NFR categories covered in Industrial processes sector far.2022........................ 181
Table 103 Activity data for source category 2 ACEment production..........cccccccvvevvieeeeeeeeneen.. 183
Table 104 Emission factors for source category 2.A.1 cement production...................eeee.... 183
¢lFotS mnanp ! ol G SwbSe for sSufcd datdgorg 3.AMCeraentdroductian.....184
Table 106 Activity data for source category 2 A.Ene production............cccceeeeviiviieeeeeeeeninnne 185
Table 107 Emission factors for source category 2.A12e production............cccccovvvvvveeeeennnnnne 185
Table 108 Activity data for 2.A-Flat glass production............cccooviuviiieierniiiiiiiieee e 186
Table 109 Emission factors for source category 2.A.3 Flat glass production....................... 187
Table 110 Activity data for source category 2A=3ass wool production...........ccccevveeeeeeeen.... 187
Table 111 Emission factors for Glass Wool ProduCtion................euvevieiiieiieiiieiieeiieeeeeeeeeeeeeenn. 188

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 26



Table 112 Emission factors for minerals produced for source category 2.A.5.a Quarrying and mining

the minerals other than COAL............ooiiiiiii s 189
Table 113 Emission factors for minerals produced for 2.A.5.a source catégoayrying and mining
of minerals Ootherhan COA............uiiiiiiii e 189
Table 114 Activity data for constructed (completed and unfinished) individualidgsefor source
category 2.A.5.b Construction and demolition.............ooeeiiiiiiiiiiiee e 190
Table 115 Emission factorg fource category 2.A.5:iConstruction and demolitiol€onstruction of
APAtMENT DUIIAINGS ... e e e e e e e e e e e e e e e annes 190
Table 116 Activity data for constructed public dwellings for source category 2-Abistruction and

(0 (=70 0T 111 o PSSP 191
Table 117 Emission factors for source category 2.AGdnstruction and demolitiotNon-residential

Lo 11 B o 1o o U 191
Table 118 Activity data for source category 2.A:5Storage, handling and transport of mineral
O] 010 U Lot TP PP PP PPREPPP PP 192
Table 119 Emission factors for source category 2.A.Storage handling and transport of mineral
10 o 11 Tox £ 193
Table 120 Activity data for source category 2.B. fther chemical industry..........cccccvveeveeeeeen. 194
Table 121 Emission factors for source category 2.B.10.a Other chemical industry.............. 195
Table 122 Activity data for source category 2:0r&n and steel production..................cccuuee 196

Table 123 Activity data for steel and hot and cold ingots production in the period ofZI216..197
Table 124 Emission factors for source category 2.kéoh and steel production, steel making, electric

arc furnace, abated by fabHIer ... 198
Table 125Emission factors for source category 2.€lfon and steel production, rolling mills, cold
(o] 1T T T 011 PP 198
Table 126Emission factors for source category 2.€lfion and steel production, rolling mills, hot
(o)1 1o T 0 11| PP PP PPPTP PPN 198
Table 127 Activity data for the source category 2:EG&rroalloy production.............ccccceeeueeee. 200
Table 128 Emission factors for source category 2-:Ck2rroalloys production; production of
ferronickel for NiStOriCal data...........cccccuiiiiiiiiiiee e 201
Table 129 Implied emission factors for 2.C.2 Ferroalloys produgtmoduction of ferrosilicon for
TES] (o g Tor=1 o = L= SRR 201
Table 130 Activity data for source category 2-GARBIminum production............ccccoecuvvveeeeennnne 202
Table 131 Emission factors for source category 2.8eg8ondary Aluminum productian........... 203
Table 132 Activity data for source category 2-C.8ad production............cccvveeeeeeriiiiiiiieeeeennnns 204
Table 133 Emission factors for source category 2.Brbnary Lead productian........................ 205

Table 134 Emission factors for source category 2,Sécondary Lead production 192009......205
Table 135 Emission factors for source category 2.8esondary Lead production for 202022 206

Table 136 Activity data for source category 2:ZmBc production...............c.ueeeeeeeeeeeeeeeeeeennennn. 207
Table 137 Emission factors for source category 2.BrBnary Zinc production.......................... 208
Table 138 Emission factors for source category 2.8e8ondary Zinc production.................... 208
Table 139 Activity data for source category 2.G-Capper production..........ccccevevveeeeeeeeeeneen.. 209
Table 140 Emission factors for source category 2.8eg8ondary Copper production............... 210
Table 141 Activity data for source category 2.G;Other Metals production........................... 211
Table 142 Emission factors for 2.C-Ather Metals production..............cccccccveevieeiiniiinennnne.. 211
Table 143 Activity data for source category 2.D-3xomestic solvent use including fungicides for
different products and product types for period 192004 using Tier 1 methodology............... 212
Table 144 Activity data for source category 2.D.3.a Domesherdouse including fungicides for
different products and product types for period 26@820 using Tier 2 methodology............... 213
Table 145 Emission factors for the source category 2.BlBaestic solvents use including fungicides
.............................................................................................................................................. 213
Table 146 Activity data for source category 2.D-Rbad paving with asphalt........................ 215

Page 27 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



Table 147 Emission factors for source category 2.DRdad paving with asphalt................... 216

Table 148 Activity data for source category 2.D-2sphalt roofing...........ccccccvvvviviiviennieeeennnen. 217
Table 149 Emission factors for source category 2.DRoad paving with asphalt.................... 218
Table 150 Activity data for source category 2.D-Ldating application..............cccccvvvvvvvvennnne. 219
Table 151 Emission factors for source category 2.DGahting application..............c.cccoeeueeeee. 220
Table 152 Actity data for the source category 2.D.3.€ Degreasing...........cccccveeeereniinreeeeeenn. 221
Table 153 Emission factor feource category 2.D.3.€ Degreasing..........cccccevvevvveeeeeeeesssiinnnne 221
Table 154 Emission factor for the source category 2D8yfCleaning.............ccccoeevvvvveeernnnnne 222
Table 155 Activity data for source category 2.D-Efemical products..............cccoecvvvveeeernnnne 223
Table 156 Emission factors for source category 2.D@Ghgmical Products............ccccccvvveeeennn. 224
Table 157 Emission factors for source category 2.D.3.h Printing..........cccceeeviiiiieieeeiiiinnn, 226

Table 158 Activity data for the source category 2.D.3.i and Qt@er solvent and productse (Source
Statistical yearbooks (1999004) and MAKSTAT/Industry in the Republic of North Macedonia{2005

Table 159 Emission factors for source category 2.D.3.i and@ile&r solvents and product us28
Table 160 Activity data for source category 2.HEbod and beverage industry (Source Statistical
yearbook (year) (1992004) and Industry in the Republic of North Macedonia (200%2)........ 231

Table 161 Emission factors for source category 2.Addd and beverages industry................ 232
Table 162 Activity data for source category-2Mood proCessing.........cccccuvvvvvvvrrrrererneeeeeeeeeen.. 233
Table 163 Emission factors for source category 2.1 Wood processing..........cccvvvvveevveveeeennn. 234
Table 164 Emission factors for source category @ddsumption of POPs and heavy metals.235
Table 165 NFR categories covered in Agriculture sector foF2@2R..............ccccccvvvvvvvvennnnnee. 237
Table 166 Domestic livestock population and its trend £29Q2..............ccccvvvvvveveeeeeeeeeeeeeeeens. 239
Table 167 Domestic poultry and its trend 18022.............cccccuvvviiiimiiiiiiiiiireeere e e e e e eaaeens 240
Table 168 Nkemission factors for source categories 3Manure management and 3. DAgricultural
S0 USSR 245

Table 169 NOx and NMVOC emission factors for source categeMaé®ire management......246
Table 170 TSP, PM10 and PM2.5 emission factors for source catego®ahire managemen246
Table 171 Uncertainties of activity data, emission factors and emissions for NER.3.B........247

Table 172 Activity data for source category NFR 3.Bladrganic Nertilizers.............ccccvvveeee... 250
Table 173 NEEmissions factors for source category NFR 3.Bladrganic fertilizers................ 251
Table 174 NOx Emissions factors for source category NFR 3.Dadanic fertilizers............... 251
Table 175 Uncertainties of emissions, emission factors and activity.data............................ 252
Table 176 Activity data for source Category 3.D.C........uvvriiieiiiiiiiieiee et 253
Table 177 EMISSION FACIALS......ccciiiiiiiiiiiie ettt e e 254
Table 178 Activity data for SOUrce 3.D0.........cooiiiiiiii e 255
Table 179 Emission factors for NMV.OC.........cooiiiiiiiiie e 255
Table 180 NFR categories included orinoluded in Waste sector for 2016.............c.cccooeueeee 259
Table 181 Type of waste, percentage and consideration®rRodel................ccoociviveeennnns 261
Table 182 Type of waste, and quantity iN TONS..........oooiri i 261
Table 183 Activity data for source category §.80lid waste disposal on land for the period 1990
20022, £ oA e e e e e b et e e e R e et e et b et e e e nbe e e e e nr e e e e e 262
Table 184 Parameter used for methane calculation of different waste types for source category 5.A.
Biological treatment Of WaSLE..........uuuiiii e e e e e e e e e e e e eeees 263
Table 185 Data for conversion of methane emissions to NM@QGind Niemissions for category
5A- Biological treatment Of WASTE...........ueiiiiiiiiiiiiiee e e e 263
Table 186 Emission faxs for source category 5-Biological treatment of waste..................... 263
Table 18ncertainties of emissions, emission factors and activity data for.5.A................... 264
Table 188 Activity da for source category 5.B(lWaste composted 1990022........................ 265
Table 189 Quantity of clinical wasincinerated in the period 20QQ022..........c..ccccevvvveeeeeeennen.. 266
Table 190 Emission factors for source category 5.¢-Xdinical waste incineration................. 266

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 28



Table 191 Activity data for source category 5:-@penburning of waste...................ccceeennnees 269

Table 192 Emission factors for source category 5.0pen burning of wast........................... 269
Table 193 Activity data for source category 5.DMastewater treatmeri{(19902022)............... 271
Table 194 Activity data for source category 5.Ql2dustrial Wastewater treatmen{19902022Y272
Table 195 Completed/Not completed NFRs in sector Natural SOULCES............ccevvveeeeeeeeeennn. 275
Table 196 Activity data for source category 11.B FOrestfires........ccccouvimiimeeeeiiiiiiiiiieeeenene 276
Table 197 Emission factors for source category 11.B Forest.fite€S..........occovvvieeeeiiiiiiienneenn. 277

Table 198 Recalculation difference of NOx emissions [kt] compared to submission in.202279
Table 199 Recalculation difference of NMVOC emissions [kt] compared to submission.in. 2821
Table 200 Recalculation difference of,8@issions [kt] compared to submission in 2021.......280
Table 201 Recalculation difference ofd\¥rhissions [kt] compared to submission in 2021......280
Table 202 Recalculation difference of PM2.5 emissions [kt] compared to submission in.20281
Table 203 Recalculation difference of PM10 emissions [kt] compared to submission.2021281
Table 204 Recalculation difference of TSP emissions [kt] compared to submission.in.2022281
Table 205 Recalculation difference of CO emissions [kt] compared to submission in.2021.282
Table 206 Recalculation difference of Pb emissions [t] compared to submission in.2021....282
Table 207 Recalculation difference of Cd emissions [t] compared to submission in.2021...283
Table 208 Recalculation difference of Hg emissions [t] compared to submission in.2021...283
Table 209 Recalculation difference of PCDD/ PCDF emissions [t] compared to submissior2882021
Table 210 Recalculation difference of PAHs emissions [t] compared to submission.in.202284
Table 211 Recalculation difference of HCB emissions [kg] compared to submission.in.202484
Table 212 Recalculation difference of PCB emissions [kg] compared to submission.in.202284

Table 213 Planned iMPrOVEMENLS.......ccccciiiriiiiiiiieiire e e e e e e e e e e e aeaaaeaaaa e e s e e e s s e as s eaaseannnnnes 285
Table 214 Sectorial improvements planned............ceeeiviiiiiiii 292
Table 215 Key source categories for emissions QIMNG...........cccoeiriiiiiiiiiieeeiiiiieeeee e 307
Table 216 Key source categories for emissions of NMVOC.IN.GG........ccoveeiinimriiiieeeniiiene. 307
Table 217 Key source categories for emissions 9SG ...........ccvvveiiiiieiiiiieee e 308
Table 218 Key source categories for emissions @imMNBIg............ccooovviiiiiiiieiiiieees 309
Table 219 Key source categories for emissions of CO.IN.GQ....uvvevieiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee, 309
Table 220 Key source categories for emissions of TSR.N.GG.........coooeeicevcccniiiiiiiiiiiieienee. 310
Table 221 Key source categories for emissions of PM2.5.I0.GG......cuvvviiiiiiiiieniiiiiiiiiieeeeeenn. 310
Table 222 Key source categories for emissions of PM10.in.Gg.........coooeveienennvinriiiinninnne. 311
Table 223 Key source categories for emissions of BC.iN.GQ.......uvvvviieiiiiiieiiiiiiiiiiiieeeeeeeeeeen, 311
Table 224 Key source categoriesdarissions of PD in M., 311
Table 225 Key source categories for emissions of CAinMg........ccvvevviiiiiiiiiiii, 312
Table 226 Key source categories for emissions of HQINMG........covvvveviiii, 313
Table 227 Key source categories for emissions of AS iN.MQ.......eevvviveriiiiiiiiiiiii, 313
Table 228 Key source categories for emissions of Cr Mg .......ccevevveviiiiiiiiiiiiiieeeeeeeee, 313
Table 229 Key source categories for emissions of CUINMG........cccvvvviiiiiiiiiiiiiiei, 314
Table 230 Key source categories for emissions of Ni in.Mg.........coovviiii, 314
Table 231 Key source categories for emissions of Se iN.Mg........cvviiiiiii . 315
Table 23XKey source categories for emissioNnZafin Mg.........eeueeiiiiiiiiiiiiiiiiieeeeeeeee, 315
Table 23XKey source categories for emission®OOX iN GTEQ.......oooovviiei s 316
Table 234 Key source categories for emissions of PAHSIN. M. 316
Table 23%Key source categories for emissions of HOBY...............coo oo 316
Table 23&ey source categories for emissions of BOE)................oooeeei i 317

Page 29 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



[L{¢ hC CLD! wo9{

Figure 1 Institutional arrangemMeENLS...........oviiiiiieei e e e e e eees 52
Figure 2 Scheme of inventory preparation PrOCESS.....uuuiiiiiiiiiiiieiieee e 53
Figure 3 Roles in inventory preparation and submissian.............cccccccciciiiiiviiiiiiiiieiieeeeeeeee e, 59
Figure 4 Archiving SYSIEML.........oooi it rr e e e e e e e e e e e e e e e e e s e s e s e e e s s e e s eennnnans 63
Figure 5 IMprovemMeENnt CYCLE..........uuuiiiiiiiiiiiiiiiee e 64
Figure 6 National total NOX emissions Q2W22...........cccccuuuumrimriimirininirrererrrerrerreereeeaaaaaaaaaaaaaeens 78
Figure 7 NOx emissions in North Macedonia 120P2 Dy SECIOIS..........cccceeeviiiiiieireeeiiiiieeeeenn 79
Figure 8 National total NMVOC emissions 9002................ooviiiiiiiiiiieieeeeiieeee e 80
Figure 9 NMVOC emissions in North Macedonia 293P DYy SECLOIS.........covveeiiiiiirereeeeenininnne 80
Figure 10 National total S@MISSIONS 19 R022..........cccuvieiieeeeiiiiieiee e 81
Figure 11 Sgemissions in North Macedonia 192022 DY SECLOIS.........ccevieiiiiieiiiiieee e 82
Figure 12 National total Ntemissions 199Q@022............ooeeeiiiiiiiiiiieee e 82
Figure 13 Nkemissions in North Macedonia 192022 DY SECIOIS.........cccuvrrieeeeriiiiierieeee e 83
Figure 14 National total CO emisSioNs L2OQ2...........ccooiiiiiiiiiieeeiriiiiee e 84
Figure 15 CO ens®ns in North Macedonia 19D22 Dy SECIOrS...........ceeeeiiiiiiiiiiieeeiiiiiieeenn 84
Figure 16 National total PM10 emissions 1@WA2.............ceueieeiiiiiiiiireeeaaaiiirieae e s siieeeeeee e 86
Figure 17 PM10 emissions in North Macedonia 12922 by SECIOIS........cevvvvveviieiiiiiiieeeeeeeeee, 87
Figure 18 National total PM2.5 emissions 12BR2............ccocvviiiiiiiiiiiieeeeeeeeee e, 88
Figure 19 PM2.5 emissions in North Macedonia 18022 by SeCtors.............ccoeeeeieeeeicccccccnnnns 89
Figure 20 National total TSP emissions 0P2...........ccceeviiiiiiiiiiiiiieeeeeeeeeeee s 90
Figure 21 TSP emissions in North Macedonia PBRA2 by SECIOIS.......uuvveiiieiiiiiiiiiiieiiieeeeeeeel 90
Figure 22National total BC emissions 199022.............cccoooiiiiiiiiiiiei e 91
Figure 23 BC emissions in North Macedonia 1BR2P by SECIOIS...........ccoeveeeeeieeeeiiiiiieeeee, 91
Figure 24 National total Pb emissions 12MP2.............ccoooeiiiiiiiiiiiei e 93
Figure 25 Pb emissions in North Macedonia 12002 by SECtOIS.............cceeeeeeeeiiiiiiceeee, 94
Figure 26 National total Cd emissions 1RBWR2............cceeeeeeiiiiiiiii e e e eeeeees 95
Figure 27 Cd emissions in North Macedonia 12022 DY SECLOIS...........ccvvverieeriiiiiiiieeeee e 95
Figure 28 National total Hg emissions 1TZIP2..........cccceiiiiiimiiiieeeaaiiiieee e e e e s e s 96
Figure 29 Hg emissions in North Macedonia 190P2 by SeCtOrS.........ccccccevvviiiiiiiiee i 97
FHgure 30 National total PAHS emisSions 2O@2...............oeeviieiiiiiiiieiieeeeiiiiiee e siireee e e 99
Figure 31 PAH emissions in North Maced@nil9902022 Dy SECLOIS...........ccevvvvieiiiiiieriiiieeens 99
Figure 32 National total PCDD/F emiSSIioNS 1BRRP...........ccceeeiiiummrrieeeeniiiireieeeessaiinnneeeesaannes 100
Figure 33 Dioxin/furan emissions in North Macedonia 12082 by SEeCtOrS............cccvvveeeeernnne 101
Figure 34 National total HCB emissions FA002..............ccoooiiiiiiiieeniiiiiiieeee e 102
Figure 35 HCB emissions in North Macedonia 2P DY SECLOIS..........cccuvvveveeeeiiiiiiiieeeeeenns 103
Figure 36 National total PCB emissions E80D2..............ccooiiiiiiiiiiiiiiieeeee e 103
Figure 37 PCB emissions in North Macedonia PER2 by SECIOIS........cceeeeeeeeieeiiiiiiiieieieenee 104

Republic of Nort h Macedonia INFORMATIVE INVENTORY REPORT Page 30



[L{¢th®b5L- 9{

APPENDIX 1: Key Category analySiS.........ccuuueeiiiiiiiiiiiiieee e 307
l'tt9b5L- HY { dtyrylseNBM emidsauNiir®rs tha include/exclude the condensable
COMPONENL (SEE DEIOW)........eeeeiieie e 317
APPENDIX 3 Further elaboration of COMPIEENESS.........uuviiiiiiiiiiiriiiiieiieeeee e, 330
APPENDIX 4 National energy balance 2Q22............cccccciiiiiiiiiiiiiiieeeeer e ea e e e e e e 331
APPENDIX 5 Useful informatioNomenclature for reporting format (NFR)}ormat for reporting
under the UNECE/LRTAP convention for 2022...........c..uuvviiiiiiiiiiiiiiee e 333

Page 31 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



AAVININNS JALLNOIX



EXECUTIVE SUMMARY

Republic oNorth Macedonighas an emission inventory reporting obligation towards the Convention

on transboundary air pollution (CLRTAP) and its eight protocols as well as tdanteenational
organizations such as the European environmental ag€BEA). The reporting obligations to the
relevant international organizations and to the Executive body (EB) of the LRTAP convention are set
down in Article 27d of the Law on ambient air quality (LAAQ)

As a party to the UNECE/LRTAP convention andoitsqmis Republic dflorth Macedonids required

to annually report data on emissions of air pollutants covered by the Convention and its protocols.
These are the main pollutants: nitrogen oxides (NOXx), sulfur dioxidg, (B@methane volatile
organic corpounds (NMVOC), ammonia (BHpersistent organic compounds (POPs) and heavy
metals (HM).To be able to meet the obligations, Republid\Nwirth Macedoniecompiles annually an
emission inventory and reports the base year emissions (1980, 1987, 1988 andri@@0ordance
GAGK GKS LINRG202faQ 20fA3FGA2yad

This report is compiled according to tAenexes 2023 Reporting Guidelinesder the UNECETRAP
convention and its protocojsvhich define the standards for the national emission invertofhe
country ha also usd the latest emissions reporting templater this reporting round

The report containglevenchapters five appendixes and refences The content was reconstructed
to achive compliance witRecommended structure for the Informatiweventory Reportvhich was
updated in 2021The chapter introduction provides general information on the inventory preparation
background, key source analysis, methodology and data sources used, QA/QC and completeness.
chapter Trend presents trends dtifferent pollutants ad discussethe main reasons for incline and
decline of the values. Chapters84dnclude detailed information on activity data emission factors used
per Nomenclature for reporting (NFR) source categ®hnys reportcontainssubchaptes on source
specific uncertainty analysis, QA/Qf&calculations,and planmd improvements.The chapter
Projections gives information on the current situation and planned activities regardanghigation

set down in the current Gothenburg protocdthapters onreporting LPSand gridded dataare
referring topreparation and reporting adfPSand gridded dataSource used for the gathering ahe
activity data and information are presented in Befnce chapter.The Appendix chapter has
Appendixesthe first one is on Key category analysige second is on summury whether sousestor

use PM emission factothat include/exclude condensable componettien Appendix 3vhich refers

to further elaloration of complitness Preliminary Energy balance f@022 is presented in Appendix

4, while Appendix 5 refers to Additional informatiphere, the emissiondor 2022 which arereported

in the NFReporting format are presentedAppendices$ and 7 form the Guideance are optional and
arenot part of the IIR.

Law on Ambient Air Quality (Official Gazette of RM No. 67/2004, 92/2007, 83/2009, 35/10, #00112, 163/1310/15, 146/15 151/27)
2https://www.ceip.at/reportingrinstructions/annexego-the-2023reporting-quidelines
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1.1. Summary of the main differences in the inventory
since the last submission

This report contains emissions of the whole time series 18®2. The submissionprior to 2004and
some of the following years included data emissionsf the basic pollutantss the country wagsot
in position to report for the whole reporting period.

For the preparation of the 2016 and 2017 emission inventory ssion and Informative Inventory
Reports (IIB) in those years, the Ministry of Environment and Physical Planning (MEPP) was supported
by Austrian experts engagedvithin the framework of theEU funded Twinning ProjecFurther
strengthening thecapacities for effective implementation of the acquis in the field of air qual

12 IB EN 01) which was finalized in January 281arting from2018 the reporting has been
conductedby an establishedhationalexpert emission inventory teankilowever in comparisorto the
previous IIR, the quality control of the inventory has been improved in getertais reporting round
recalculations were made mainly due to remarks received from the Stage 3 review ire@06&0 and
sectortial Stage 3 review rept for agriculture secto, final activity data from the Energy balance and
revised activity data from the MAKSTAT dataasee majorecalculations were done due to use of
EF from EMEP/EEA Guidebook. New categories were not introduti@d reporting round, however
data analysis and data gathering for solvent sector were carried out.

The report presents trend analyglsT (i K S datafozihé peBo@ 090 2022. 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 pollutantsesluceduse of coal for electricity productio

as well aglosure of installations or reduced production in the sector industtythermore emission
reduction is also duto the introductionof BAT in major installatioress well aghe increase of use of

gas and pellets and dexaseof solid fuels in the category 1.A.4.

A decreasing trend is noticed for N@xd SOxemissionsstartingfrom 2011 The reduction of NOs

a result of themodernization of plarg andextended working lifetime. Additionally,the reduced
operating hoursof the power plant REK Oslomej framvelve to few months per year, andhe
decrease in coal consumptiamcluding gasification of theeating planfToplana Zapatas supported

the reduction of NOxWith regards to SOx emissions, the trends vary and dependhencoal
consumption considering that electricity production is the main source for SOx emissions.
Desulfurization ungare still not in place in this installatioiso mainly 8x emissions depend on the
content and quantity othe consumed coalThe trendwasdecrising until 2017 and in the last few
years emission have incrised, howembe consumption of coand content of sulfur is not the reason

for increasing the Sox emissions. Therefore, for 2022, SOx emissions are calculated with use of EF since
mounthy measurements are not representative.

The trend on NMVOC emissions is variableese emissions are coming from different sectors but
mainly Irdustry and Other sectoand there is slighteductionand stable trend in the last few years.

3https://WWW.ceip.at/fiIeadmin/inhalte/ceip/OO pdf other/2020 s3/mk s3 rr 2020 final.pdf
https://webdab01.umweltbundesamt.at/download/review/MK/2023/MK 2023 Stage3RR_EpdAcgiproxy skip=1

4 MAKSTAT databaséttp://makstat.stat.gov.mk/PXWeb/pxweb/en/MakStat/?rxid=46ee0f889924b45a2d9ch4e5f7ec5ef
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The trend of ammonia emissions is constantly decrea@iéo compared to 1990yhich is related
to decreasing livestock numbedsie tothe trend of moving ofpeople from rural to urban areaand
implementtion of Best available technics which refer tioe biggerfarmsfor swines and polutry

Tablel Emission trends 199@ 2022 for the main air pollutants and CO

Emission in kt

Year
NOXx NMVOC SQ NHs CO

1990 45.66 4842 11215 14.78 13311
1991 37.80 4239 9121 1394 11221
1992 39.63 4427 88.39 13.97 124.04
1993 41.10 47.17 90.90 14.19 13388
1994 36.92 40.96 90.18 1417 12142
1995 3947 4526 96.54 13.96 12578
1996 38.72 4372 90.42 1291 12374
1997 38.05 45.03 94.76 1251 126.99
1998 4332 4493 10929 12.24 12923
1999 40.58 4577 99.24 12.36 13236
2000 4392 47.46 106.18 12.25 14504
2001 40.90 41.05 10823 1173 11429
2002 40.95 38.07 96.14 1113 11610
2003 3596 38.04 94.76 1101 11693
2004 37.20 38.36 95.63 11.08 12171
2005 3507 27.32 94.78 10.61 75.16
2006 34.96 2859 93.13 10.88 70.90
2007 38.04 2934 9848 10.72 7190
2008 3397 2917 76.83 10.65 67.23
2009 3491 27.27 10305 9.87 63.37
2010 36.38 2856 85.63 10.06 6251
2011 3874 29.20 10339 10.38 64.17
2012 36.58 29.34 91.30 9.56 66.75
2013 29.02 2893 82.03 9.55 64.36
2014 26.39 2870 82.69 9.61 62.15
2015 21.67 2820 75.00 9.57 60.19
2016 24.79 27.87 63.27 9.72 6323
2017 2347 2842 54.72 9.66 5558
2018 2271 27.72 59.80 9.18 5513
2019 23.27 2741 11542 7.96 55.89
2020 20.15 26.18 9343 8.13 51.34
2021 21.07 25.85 8859 7.60 5278
2022 22.70 26.11 90.57 8.31 49.88
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Trend 1992022 -50% -46% -19% -44% -63%

The trend of the particulates is variable with inclines and declines due to variable operation of the
installations for ferroalloys production asne of key sources in the national totalLJ- NIi A Odzt | G S &
emissions. The contribution from the 1.A.4 Other Sext@esidential heating) has changdde to

introduction of clearfuel; however,biomassremainsthe mainfuel usedfor household heatingThe

main reason fothe decreasing trend anthe reduction of aroundr1-74% intotal of the particulates

in 2022 compared to 1990js the reducedoroduction of ferroalloys in the countryThe calculated

PM2.5, and BCemissiors in 2022 are reduced compared t@021, by 4 and 6% respectively while

PM10 and TSP are slighty increased Byabd 2%

Table2 Emission trends for particulate matter 1992022

Emissions
Year
PM2.5 [kt] PM10 [kt] TSP [ki] BC [ki]

1990 3261 4801 60.99 3.03
1991 28.56 42.10 5324 2.64
1992 3491 50.44 62.45 331
1993 31.25 44.80 55.81 293
1994 29.21 42.38 53.25 2.67
1995 29.49 43.00 54.23 2.70
1996 3242 47.43 60.00 3.02
1997 3150 46.05 57.87 2.87
1998 3591 52.56 66.18 3.30
1999 3111 45.07 56.88 2.83
2000 29.99 4351 57.12 2.73
2001 18.55 2801 37.08 147
2002 19.07 2842 37.02 1.63
2003 29.34 4229 5314 2.60
2004 3172 4578 57.56 2.87
2005 24.06 37.22 48.59 243
2006 21.67 3382 4418 216
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Emissions

Year
PM2.5 [kt] PM10 [kt] TSP [ki] BC [kt]

2007 17.39 27.63 36.63 1.76
2008 1811 28.26 3751 1.86
2009 1281 2217 31.86 124
2010 15.86 28.16 3529 1.65
2011 2171 3533 47.62 215
2012 2141 34.28 46.23 219
2013 2373 37.06 50.31 244
2014 17.05 26.64 37.17 1.76
2015 1471 2216 27.78 147
2016 12.98 19.58 24.69 141
2017 8.94 14.14 18.39 1.02
2018 8.62 14.40 1751 0.98
2019 8.94 13.88 17.87 1.03
2020 8.84 13.68 17.59 101
2021 8.79 1347 17.55 1.04
2022 841 1354 17.93 0.97

-14% -72% -71% -68%

Trend 199Q2022

The concentrations of Pb have decreased significantly starting 2008 mainly because othe
Of 2adzNB 2F (KS &Y §VeleSand tiez219¢ bilunyfeddedigadolBein trdsgon.
The closure of the smelter compaig/ also manifested ideclined emissionsof Hg, Cd and PCBs.
Additionally the reduction ofthese LJ2 f f damissionsha@been positively influenced with the
introduction of unleaded petrol and BATthme installations

Table3 Emission trends for heavy metals 192022

Emissions
Year
Cd [Mg] Hg [Mg] Pb [Mg]

1990 161 0.67 23253
1991 151 0.62 19671
1992 1.46 0.57 22759
1993 1.06 0.54 21278
1994 1.02 0.46 20378
1995 211 0.48 22228
1996 232 0.54 22966
1997 1.15 0.57 24469
1998 1.39 0.63 25996
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Emissions

Year
Cd [Mg] Hg [Mg] Pb [Mg]
1999 107 0.57 20831
2000 0.93 0.59 19549
2001 0.82 0.62 17239
2002 0.81 0.65 170.79
2003 0.60 0.49 13199
2004 0.54 0.48 45.69
2005 0.28 0.36 6.45
2006 0.26 0.37 7.01
2007 0.26 0.40 7.50
2008 0.26 0.38 6.43
2009 0.25 0.33 5.72
2010 0.25 0.34 5.97
2011 0.26 0.38 6.49
2012 0.27 0.36 5.38
2013 0.24 031 423
2014 0.24 031 472
2015 0.24 0.30 4.45
2016 0.24 0.27 277
2017 0.22 0.26 2.62
2018 0.22 0.23 271
2019 161 0.67 23253
2020 151 0.62 196.71
2021 1.46 0.57 22759
2022 1.06 0.54 21278
Trend 199@2022 -86% 1% “99%

Regardind?AHs the trends are variable but still decreasing trend can be noticed2@68onwards.

The largest source of emissions for these pollutants is the energy sector (mainly residential heating)
with a share of76%. Regarding PCB artdCB we can ndice decreasingtrend due to emission
reduction coming from the metal productioithe trend ofPCDD/Kepends mainlpn combustion of

fuels as well as waste incineration activities. Emissions are increased in 2000 due to introduction of
medical waste incineration activity but reduced in 2018 due to installation of dust filter. High levels
before 2000are due to higher salifuel consumption.

Table4 Emission trends for POPs 192022

Emissions
Year
PCDD/F [g, |
HCB [kg] TEQ] PAHSs [t] PCB [kg]
1990 44.29 19.81 7.17 38118
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Emissions

Year
HCB [kg] PC?E’S ][g ! PAHS [ PCB [kg]
1991 39.22 17.62 6.38 38273
1992 25.83 17.70 6.79 38295
1993 24.18 17.29 7.24 369.80
1994 25.04 15.87 6.68 34060
1995 18.63 1891 6.78 355.78
1996 19.70 1873 6.28 384.21
1997 27.89 16.00 6.52 396.25
1998 29.34 17.60 7.19 40301
1999 5397 17.18 7.20 366.49
2000 38.32 2393 8.17 34285
2001 34.15 2540 6.57 33237
2002 52.68 27.01 6.59 33010
2003 42.98 2801 7.25 287.40
2004 8.52 30.63 7.31 24053
2005 7.54 26.87 4.84 207.01
2006 11.67 2520 4.95 207.78
2007 8.87 26.56 5.14 20858
2008 7.74 25.87 4.82 20828
2009 8.28 27.34 4.16 20807
2010 9.58 2955 4.47 20885
2011 10.50 35.77 4.68 20921
2012 9.47 38.99 5.13 20919
2013 6.35 4011 4.87 20902
2014 4.19 39.99 4.69 20948
2015 0.96 49,52 4.75 21633
2016 0.77 5112 4.69 22078
2017 2.06 5153 3.99 22869
2018 153 8.96 3.94 236.92
2019 4.43 9.49 4.26 23814
2020 0.16 8.76 391 236.77
2021 0.16 9.43 4.15 23829
2022 0.15 8.50 361 24231
Trend 199@2022 -45%100% -57% -50% -36%

The main inconsistency of the trends origin from the Transport sestue to the use of different
calculation methodology (Tier 1 for the calculation of emissions in the period20@Dand Tier3 for
the calculation of emissions in the peria@052022). The COPERT V has been established dilnéng
three TAEIX expert missions carried out in the period Octqlisecember 2020. Within this project
20052019 transport emissions were calculatddheemissionscoming from transport in 202022
were calculated by the national transport expert.
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1.2. Priorities for improvement

Sinceemissions from the Transport sectior period 20052022 have been calculated using the T&r
method usingCopert V modelthis method would be used in the forthcoming ydar calculation of
historicalemissions coming from this sectiorsecure consistendgpr the whole reporting periodThis

is importantsince theTransportsectoris one of the key sourcax CO and NOx national emissions
The secondational priority isthe use of Tier 2 in.A.4 sector The combustion in households and
administrative capacities is one of the majgmissionsources for several pollutants especially for
particulatematter, whichis a critical pollutant inthe country. The National expert time has analysed
the given proposals in the EMEP Guidebook and avaidiienal data but due to limited set of data
per type of stove the introduction of Tier 2 level can be implemented with technical suppdrg
Green project has also made some improvement of inventory forséxsor; however no data were
delivered durig preparation of this report.

QA/QC proceduresare continuously implemented but there is a need of furtherrainings,
improvement of the implementation of these procedurescalculation ofas well asthe use of
uncertainty analysisThere is a need tase Tier 2 in most solvents and agriculture sectors but due to

the need of expert trainings these improvements are planned to be carried out in the forthcoming
project in the frame of IPA Il prograido trainings of these type were performed during the \doais
year.Some activity data were gatherd for NFR categories in solvent sector NFR categories 2D3i and
2G and emissions will be reported next ye@ategories in solvérsector arealso planned to be
improved duringnext technical IPA project.

1.3. Information on recalculation¢ main reasons for
recalculations

Inthe Energy sectqrthe emissions for the yea021 were recalculated, using final activity data from
the energy balanceegarding fuel consumptiarChange of EF factor duse of GB 2023 brought
recalculation irthe following categoriest.A.4, 1B.2.vand 3B.In 2- Industry and prodct use sector
recalculations were carried out due to changes in activity data in several cateddsiescalculations
were done inrb Wastesector.

1.4. Explanation of differences between reported
national totals

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

1.5. Clarification of the reason for differences in reported
national totals for the entire territory with NECD report

Aswe arenot a Member of the European Uniowge arenot obligedto report emissions under the

9! Qa bl UGA2YylIf 9YAdaAizya [/ SAfAy3d H0ISBEThas®é&en 6b 9/ 5
transposed in the national legislation andtional emission ceilings f&tOx, NMVOC, SOx anda\NH

have been definedThenew NEC Directive (2016/2284/EbH 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 quadihd sub legislatioras part of aechnical project

which isprogramed in IPA2 pgvamd { dzLJLI2 NI Ay A YL SYSy Gl dxnatys 2 F 0K
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planned to startat the end 0f2024. However based onthe regular preparation of the emission
inventory,the gridded dataand LPS datstarting fromandthe annualllR it can be agertainedthat
several obligatioa comingrom the new NEC directive are already implemenigcur country
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2. INTRODUCTION

2.1. National Inventory background

International commitments
Reporting of emission data to the Executive Body (EB) of the Convention osraogeg Trans
BoundaryAir Pollution (CLRTAP) is requitedfulfill the obligations réerring 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 annuational emissions of SONG, NMVOC,
CO and N 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 1983tdrab been gtended by eight specific
protocols.Thestatus of ratification to LRTAP Convention and its Protdoolthe Republic of North
Macedoniais shown below:

- Convention on LonRangeTrans boundaryAir Pollution (LRTAP) (Geneva, 1979). The
Conventonwasralf SR o6& YSlya 2F (GKS [I6 2y wlGAFAOL

No. 11/86). The Convention was taken over by the Repubhmah Macedonisby means of
succession with the date of effect of 30.12.1997.

A Law on Ratification of the Protocol to the 1979 Convention on {Rempgetrans

boundaryAir Pollution on longerm financing of the Cooperative Program for Monitoring
and Evaluation of the Lomginge Transmission of Air Pollutants in Europe (EMEP)
OAhFFADAT SGGS 2F GKS wSLlJzot A0 2F al OSR2Yy Al ¢

A Law on Ratification of the Protocol to the 1979 Convention on {Rempgetrans
boundary Air Pollution on reduction of sulfur emissions or théians boundary
transmision by at least 30 percentagesiftif A OA £ DI 1 SGGS 27F
No0.24/2010);

A Law on Ratification of the Protocol to the 1979 Convention on {Rempgetrans
boundaryAir Pollution on the control of nitrogen oxides or th&ians boundaryfluxes
OGhFTFFAOALIT Dof BSOGST2FI1 20N} WELEz b2 d

A Law on Ratification of the Protocol to the 1979 Convention on {Rempgetrans
boundary Air Pollution on the control of volatile organic compounds or the#dns
boundaryf t dZES& 6aGhTFTFAOAIE DI T 8§66 3ea1®); (KS

A Law on Ratification of the Protocol to the 1979 Convention on {Rempgetrans

GKS wS

w S LJdz6

boundaryl ANJ t 2f f dziA2y O2yOSNYyAy3I FdzNI KSNI NBRdzO

) ofi KS wSLldzof A O 24R018)F OSR2Yy Al ¢ Db2®
A Law on Ratification of #nProtocol to the 1979 Convention on LeRgngrans boundary

IANI t2ffdziAz2y 2y KSI @8 YSiKSE aw SSLydkos SR y25F  dadtt

N0.135/2010).
A Law on Ratification of the Protocol to the 1979 Convention on {Ramgtrans boundary

Art 2f fdziA2y 2y LISNEAAGSY(d 2 NBtheyRegblidaf t  dzi | y

al OSR?2 y1B3/2010)b 2 @
A Law on Ratification of the Protocol to the 1979 Convention on {Ramgtrans boundary

Air Pollution to abate acidificatioreutrophication,and grounf S@St 212y S 6dah

DFT SGGS 2F GKS wSLlzot A0 2F al OSR2y Al ¢
A Regarding the Gothenburg Protocol, negotiations were ongoing in the period-ZmI4, on the
proposed figures on the base year emission levels (1990 national emissions) andlnetiigsion

b2 dMm

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 adoptiohthe proposed amendments to Annex Il of

the Gothenburg Protocol, in September 2014, Republdath Macedoniebecame a full Party to
these protocols as well as first Party to the among developed countRepublic of North
Macedonia willconsider rafiication 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 CLRTA#dsented in the table below.

Table5 Status of ratification of the protocols under CLRTAP

Signed (S) /
Tools of UNECE Convention on LdérRgngetrans boundaryAir . entered Rat|f|eq (R)/
i Parties . Succession (d) /
Pollution (LRTAP) into force .
Accession (a) by
North Macedonia
1979 Geneva Convention on Loftpngerans boundanAir 16.03.1983 30 Dec 1997 (&
Pollution
1984 Geneva Protocol on Loxigrm Financing of the 47 28.01.1988 10 Mar 2010 (a)

Cooperative Program fdvlonitoring and Evaluation of
the LongRange Transmission of Air Pollutants in Europ

(EMEP)

1985 Helsinki Protocol on the Reduction of Sulfur Emissions 25 02.09.1987 10 Mar 2010 (a)
their trans boundaryFluxes by at least 30 per cent

1988 Sofia Protocol concerning the Control of Emissions of 35 14.02.1991 10 Mar 2010 (a)
Nitrogen Oxides or thetrans boundaryFluxes

1991 Geneva Protocol concerning the Control of Emissions ¢ 24 29.09.1997 10 Mar 2010 (a)
Volatile Organic Compounds or th&ians boundary
Fluxes

1994 Oslo Protocol on Further Reduction of Sulfur Emissions 29 05.08.1998 5Jun 2014 (a)

1998 AarhusProtocol on Heavy Metals 31 29.12.2003 1 Nov 2010 (a)

Aarhus Protocol okleavy Metals,
as amended on 1Becember 2012

1998 Aarhus Protocol on Persistent Organic Pollutants (POP 33 23.10.2003 1 Nov 2010 (a)

Aarhus Protocol on Persistent Organic Pollutants,
as amended on18 December 2009

1999 Gothenburg Protocol to Abate Acidification, 31 17.05.2005 5Jun 2014 (a)
Eutrophication and Grountével Ozone

Gothenburg Protocol to Abate Acidification,
Eutrophication and Grountivel Ozone,
as amended on 4 May 2012

In the context of air pollution and Climate Change the Republitooth Macedoniahas ratified the
following conventions:

- United National Framework Convention on Climate Change (UNFCCC) (New York, 1992). The
| 2y @8yGAz2y 61a NIGAFASR o0& YSIya 2F GKS [ 6
61/97) and entered into force in RepibbfNorth Macedoniaon 28.04.1998.

Shttps://tr eaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg neiXdhdbter=27&clang=_en
Shttp://www.unece.org/fileadmin/DAM/env/Itap/full%20text/ece.eb.air.104.e.pdf
http://www.unece.org/fileadmin/DAM/env/documents/2013/air/eb/ECE.EB.AIR.114 ENG.pdf
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A Kyoto Protocol under the United Nations Framework Convention on Climate Change the
Republic ofNorth Macedonia The Protocol was ratified by means of the Law on

WEOGAFAOFGA2Y O6ahFTFFAOALE DIFET SGGS 2F waé b2o

- Stocklwlm Convention on Persistent Organic Pollutants. Repubioah Macedonissigned
the Convention in Stockholm, Sweden, on 22.05.2001. The Convention was ratified by means

2F GKS [Fg 2y whtiATAOIGAR2Y O6ahFTFAOALFE DIT SGG:

- Vienna Convention for the Protection of the Ozone Layer (Vienna, March 1985). The

Convention was ratified by means of the Law on Ratificaion h ¥ ¥ A OAl f DI 1T SG G

N0.1/90). Republic dNorth Macedonidhas taken over by means of succession on 10.03.1994.
A Montreal Protocol on Substances that Deplete the Ozone Layer (Montreal, September

MpPpy TOP® ¢KS tNR(G202f 461 & NIXIGAFASR o0& YSIya

SFRY No0.16/90). Republid\ufrth Macedoniahas taken over by means of succession on
10.03.1994.
A The Amendment to the Montreal Protocol on Substances that Deplete the
Ozone Layetondon. The Protocol was ratified by means of the Law on
WEGAFAOLIGAZ2Y S6ahFTFFAOALE DFETSGGS 27
A The Amendment to the Montreal Protocol on Substances Beplete the
Ozone Laye€Copenhagen. The Protocol was ratified by means of the Law
2y wlGAFAOFGAZ2Y O0ahTFAOAILE DFT SGGS
A The Amendment to the Montreal Protocol on Substances that Deplete the
Ozone LayeMontreal. The Protocol was ratifiday means of the Law on
wWEGAFAOLIGAZ2Y S6ahFTFFAOALE DFETSGGS 27
A The Amendment to the Montreal Protocol on Substances that Deplete the
Ozone LayeBeijing, 1991. The Protocol was ratified by means of the Law
2y wl GAFAOFGA2yRMNoHFORR OA £ DIFT SGGS
- Convention on Environmental Impact Assessment itraas boundaryContext (Espoo,

-

-

W ¢

2 1

W ¢

2 7

February 1991)¢ KS / 2y @Sy iArz2y 6+a NIGAFTASR o6& YSIya

Gazette of R.M. N0.44/99).
- Convention on Access to Information, MabParticipation irDecisioaMaking,and Access to
Justice in Environmental Matters (Aarhus Convention). The Convention was ratified by means

2F GKS [l 6 2y wlGAFAOLFIGAZ2Y S6ahFFAOALE DFET SGG!

- Basel Convention on the Control of trabpgunday Movements of Hazardous Wastes and

CKSANI 5AalklRalfd ¢KS /2y@SyaAraz2y gta NIGAFTASR

Gazette of R.M. N0.49/97).
- Minamata convention on mercury. The convention has been signét#t@y.2014.

At its thirty-second sssiorf (Geneva, §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). Re824¢€tkporting guidefies

and the Annex for IIR content is followed in this report

National legislation
In accordance with the Law on ambient air quality Articleg2@2), the Air Pollutant Emissions
inventory for the territory of Republic ddorth Macedonias performed throgh:

1) Calculation of emission quantities of pollutants in the air in Repubhlodh Macedonia.

2) Preparation of report on the annual emission inventory with emisgiofections.

8http://www.unece.org/index.php?id=33605#/
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3) Preparation of report on implementation of emission reduction meastwefulfill the
requirements toward the 1979 Convention on LeRgnge trandoundary Air Pollution
and its amendments (hereinafter: LRTAP convention).

The reporting obligations to the European Environmental Agency and other relevant international
organizaions and to the Executive body of the LRTAP convention are set down in Artitlef 27e
LAAQ

The methodology for preparation diie inventory is prescribed in thHeulebook on the methodology

for inventory and establishment of the levels of pollutindpstances 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.
142/07.

The national emission ceilings for 2dxordingo 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 substas@mission reduction at annual le¥el

Amendments of these twoutebooks in compliance with thBlational Emissions Ceilings (NEC)

Directive (2016/2284/EWBre envisaged in the forthcomimmoject in the frame of IPA |l progratimat
should startat the end ofthis year.

Practical implementation and development of the inventory work

In 2005 Republic dflorth Macedoniavia 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 impletation of the CLRTAP in the
Republic oNorth Macedoniacarried 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) Prograime Bbjective of the project was to establish an air pollutant emission
inventory and reporting system for RepublicNdrth Macedoniahat complies with the international
requirements of the European Union (EU) and adaptation towards comparability wittataeof the

EU Member States. In 2006, the consulting company TEHNOLAB Ltd authorized by the MEPP, has
prepared the first Air pollutant emission Inventory and mmhative Inventory Report (IIRyhich
covered information on air pollutant emissions for ye2z004' and has been based EMEEA
GuidebooK? for 2006(in the further text GB 2006Y.he history of the development of the inventory

is described below.

For the 2005, 2006, 2007, 2009 inventory years, according to the requirements of CMEP&Phas
updated the air pollutant emission data only for the three main SRa&ttors (1, 2 and 3), without
submitting an IIR Report.

9Rulebook on the methodology for inventory and establishment of the levels of polluting substances emission into the ateiosioimsr

per year concerningll types of activities, as well as other data to be submitted to the European Monitoring and Evaluation Program (EMEP)
(Official Gazette of RM n0.142/2007)

10Rulebook on the amounts of emission ceilings of polluting substances for the purpmtéraf projections for a certain period concerning

the polluting substances emission reduction at annual level (Official Gazette of RM No,25%/1Q)

UCIRTARL | OSR2Yy AL Q&8 LYF2NNI GAPS LYy@Sy(i2NE wSLRNIZ wHnnnX adtts al NOK
12EMEP/CORINAIR Emissiorefriory Guidebook 2006

1BSNAP Selected Nomenclature on Air Pollutdmitps://en.eustat.eus/documentos/elem 13173/definicion.html
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In 2007 Republic dflorth Macedoniacomplying with CLRTAP as part of the national legislation has

Sy ¥2NOSR akkrSinventergzinagking2and 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

G2 GKS 9Y@GANBYYSY(Gltf az2yAild2NAy3 tNRINIY 2F 9dzNPL

In 2010 MEPP engaged the second time TEHNOLAB Ltd, a consulting company, to prepare a complete
Air pollutant emission inventory and IR for year 2008 emissfons

In 2011 air pollutant emissions data (only for the three main SNAP sectors (1, 2 and 3)) faweB909
updated without submission of an IIR Report.

Republic ofNorth Macedonia in 2011 participated in Stage 3 in depth reviewf Air Emission
Inventoriesand replied promptly on the questions sent by the Expert review team (ERT).

Review made by ERds well as the sent questions, were of great use and importémcéurther
development and improvement dhe Macedonianair pollutant emission inventory in accordance
with GB 2009°. Hence, recommendations from Stage 3 review wewasideredin 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 preparatioof 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 IR
for 2010. This Inventory was improved in accordance with some remarks given in the Seagen3 r
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 erahgagrans
boundary Air Pollution in accordance with the requirementgraitocols

In 2014 and 2015 the air pollutant emission inventory for all pollutants was prepérediculéion

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 wellragdcordance with the updated version of the
EMEP/EEA Emission Inventory Guidebook 20fb8 most of the source categories.

The IIR submitted in 2016 covered information on antloggnic emissions of air pollutants for 2014

for all pollutants, the ente time series starting from 1990, and it incluttlbcumentation 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 estimationatbgary (NFR). Emission
data, activity data and emission factors are presented in separate chapters of this IR -RIERI&4

are used to report the emissions.

UCIRTAR | OSR2Y Al Q& LYFT2NNIGABS Ly@Syi2NE wSLRNIZ HnannyZ a9tt al NOK H
Bhttp://www.ceip.at/fileadmin/inhalte/emep/pdf/2011/MK_Stage3_Review_Report_2011.pdf;

16 EMEP/EEA air pollutant emission inventory guidebd?009

7 EMEP/EEA air pollutant emission inventory guidebd?ix3
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In 2016, Republic dflorth Macedoniaagain participated in a Stage 3 in depth review of Air Emission
Inventories. Based on this review, additional improvements were made in the inventory. The IR,
submitted in 2017describel these improvements and for the first time contetha quantitative
uncertainty assessment. Furthermgtie most of the categories updated emission factors from the
EMEP/EEA Emission Inventory Guidebook 20%&re used.For the previousreporting round
additionally in most of thecategoriesEMEP/EEA Emission Inventory Guidebook £048d 2016nhas
beenused while older versions werarelyused due to limitation of activity datd’heprevious and

in 2022 contaired improvedand finalactivity data consideredin the revised MAKSTAdatabase, as

well as improvement and additional categories were added according to Stage 3 review
recommendationg3]. Thepresent IIR submitteduring this year conatin improments mégstdue to

use of final energy consumption data and some minor recdioulg due to omitted formula linkage

in the calculation fileas well as use of EF from GB 2028me recommendations given for the
agriculturesectorin the Stage 3 review performed last year were included in this repbe. overall

view of the gradual iprovement of the inventory work is presented in the following table.

Table6 Development of the inventory work ifNorth Macedonia

Submission
Yearpf Inventory Pollutant T'”f‘e Based on Implemented S 3 X
reporting series by r o o X
L LL LL =
2 2| z
2005 1 National Basic 2003 EMEP/CORINAIR MEPP X
Methodology for pollutants Emission
Air pollutants /ISNAP Inventory
emission sector Guidebook 3rd
inventory 1,2,3 edition October
1 Establishment of 2002 UPDATE
an emission
inventory and Emission
reporting system measurements
2006 1 First Air Basic 2004 EMEP/CORINAIR ETC/ACC X X
pollutant pollutants Emission (EMEP Program
emission fall Inventory TEHNOLAB Ltd
Inventory sectors Guidebook 3rd
according edition October
CORINAIR 2002 UPDATE
methodology Emission
and Informative measurements

Inventory Report
(IIR)

18 EMEP/EEA air pollutant emission inventory quidebdX16
BEMEP/EEA air pollutant égsion inventory guidebook?2019
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Yearof
reporting

2007

2008 and
2009

2010

2011

2012

2013

2014
2015

Page 49

Inventory

9 Rulebook on
inventory
making and
establishment of
the level of
polluting
substances
emission in
ambient air in
tonsper year for
all types of
activities, as well
as other data to
be delivered to
the EMEP

1 Update

1 Air pollutant
emission
Inventory and IIR

1 Stage 3 in depth
review

1 Update

1 Inventory and
preparation of
the report

1 Air pollutant
emission
Inventory

9 Emissions for the
baseline years
1980 (SOx), 198"
(NOx), 1988
(NMVOC) and
1990 (POPs)

1 Recalculation
including baseline
years

Pollutant

Basic
pollutants

Basic
pollutants
SNAP
sector 1, 2
and 3

Basic
pollutants

Basic
pollutants

SNAP
sector 1, 2
and 3

All
including
heavy
metals
(HM)

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

All with
exception
of BC
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Time
series

2005

Oon
yearly
base
accordin
g tothe
rule n-2

2008

Full
time
series

Baseline
years +
2012
and
2013

Based on

Implemented
by

MEPP

EMEP/CORINAIR MEPP

Emission
Inventory
Guidebook- 3rd
edition October
2002 UPDATE

Emission
measurements

EMEP/EESB
2009

EMEP/EEA GB
2009

EMEP/EEA
Emission
Inventory
Guidebook
2009, 2013

TEHNOLAB Ltd

MEPP &
TEHNOLAB Ltd

MEPP &

TEHNOLAB Ltd

MEPP

MEPP

X NFRO7

Submission

NFRO9

<

NFR 1

IR



Yearof
. Inventory

reporting

2016 1 Recalculation of
all pollutants,
time series
starting from
1990

1 documentation
of methods data
sources,
completeness of
the Inventory,
QAIQC,sectorial
methodologies
for emission
estimations by
category (NFR)

2017 T Introduction of
uncertainty
trend analysis
andkey source
analysis as well
asQA/QC
procedures
implemented
and improved,
most of the
Stage 3 review
comments?
implemented

1 Data quality
improvement,
introduction of
new QA/QC
procedures

2018

2019 9 Data quality
improvement,
introduction of
new QA/QC
procedures

2020 9 Data quality
improvement,
introduction of
new QA/QC
procedures
Several NFR
sectors added
for first time, use
of Tier 2
methodology in
several
categories use
of EF from 2019
GB.

Tim
Pollutant e
series
All with 1990¢
exception = 2014
of BC
All + BC 1990
2015
Emission = 1990
inventory = 2016
experts
Emission = 1990
inventory = 2017
experts
Emission = 1990
inventory = 2018
experts

20 NECE/CEISB.RR/20164acedonial9/10/2016

Based on

EMEP/EEA
Emission
Inventory
Guidebook
2009, 2013

EMEP/EEA
Emission
Inventory
Guidebook
2009, 2013 and
2016

EMEP/EEA
Emission
Inventory
Guidebook
2009, 2013 and
2016
EMEP/EEA
Emission
Inventory
Guidebook
2009, 2013 and
2016
EMEP/EEA
Emission
Inventory
Guidebook
2009, 2013 and
2016 2019
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Implemented
by

MEPP
Twinning

MEPP
Twinning

MEPP

MEPP

MEPP

Submission

NFRO9

<

—

x &

|_|_ —_—

z

X X

X X

X X

X X

X X
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Submission

Yearpf Inventory Pollutant T'”.‘e Based on Implemented S 2 2
reporting series by @ o o o
L LL LL =
zZ| Z2| =z
2021 1 Data quality Emission = 1990 EMEP/EEA MEPP X X
improvement, inventory = 2019 Emission
Inclusion of experts Inventory
Stage 3 Review Guidebook; 2019
report, Several (rarlyolder
NFR sectors versions are used
added fa the due to limitation
first time of activity data)
2022 1 Data quality Emission = 1990 EMEP/EEA MEPP X X
improvement inventory = 2020 Emission
experts Inventory
Guidebookg 2019
(rearlyolder
versions are used
due to limitation
of activity data)
2023 1 Data quality Emission = 1990 EMEP/EEA MEPP X X
improvement inventory = 2021 Emission
experts Inventory
Guidebookg 2019
(rearly older
versions are used
due to limitation
of activity data)
2024 1 Data quality Emission = 1990 EMEP/EEA MEPP X X
improvement inventory = 2022 Emission
experts Inventory
Guidebookg 2023

(rearlyolder
versions are used
due to limitation
of activity data)

2.2. Institutional arrangements

According to theArticle 40 of the Law on envirment (LB, 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 haise 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 industdpérator, State
statistical office (SSO), Ministry of Economy (MOE), Ministry of defense (MOD), Ministry of agriculture,
forestry,and water supply (MAFWS), or Ministry of Interiot@Nletc. MEPP has signed memorandum

of understanding for data exchange with the SSO and starting from 2016 with MOI on detailed vehicles
fleet data.MOI during2022 has providedactivity data pervehiclecategory for the2022 Therefore

Tier 3 calculation methodology has been implementied period 20052022

21 Law on environment Official Gazette of RM num. 53/2005, 81/2005, 24/2007, 159/2008, 83/09, 48/10, 124/10, 51/11,123/3,2, 93/1
44/15,151/21
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The other ministries / institutions mentioned above are delivering the data on voluntary basis and
upon MEICrequirements. The plant operators are reporting the data due to their obligatiwsher
PRTR and national sub legislatiorder the Law on ambient air quality

The institutional arrangements for the inventory system currently used in Republidoah
Macedonia are presented in Figure 1. The Macedonian Environmental Informative QeRHKT)
within the MEPP has the overall responsibility and submits the inventory report to CLRTAP.

1

Ministry of Environment and Physical Planning (MEPP)

Sector — Macedonian Environmental Information Center (MEIC)

Unit for analysis and
reporting

Air quality
monitoring unit

Unit for cadastres
nd modeling

|
1

Data providers

Figurel Institutional arrangements

2.3. Inventory preparation process

The preparation of the Inventory includes tf@lowing stages:
a) Planning

b) Preparation

¢) Data management

d) Reporting
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INVENTORY PREPARATION PROCESS

sresponsibilities/team scollecting data sarchiving «Emission in NFR_14 reporting
«QA/QC Plan semission 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 Recommendeq
eestablished processes (official «QC me fg; thlet'(':lfg)"“a""e
approval, etc.) *QA/Peer-Review o

«Improvement plan «LPS and GNFR on every five

years

*EEA

*UNECE Secretariat

Figure2 Scheme of inventory preparation process

a) Inventory planning
The planning of the Inventory includes organizational aspects, retatagdpointmert of the team of
key and deputy key experts within the department, description of specific tasks and responsibilities,
development of operational proceduredoutdata collection and data calculation on the activity rate
and emission factors included indldatabase of the National Emission Inventory. Currerseéyen
personsare 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 expestsen
sectors, busincepreparation of the inventory is not their main task, they need further traininbe
independent in the preparation of the sector inventory, which is currently done with the support of
Energyexpert actingas emission inventoryoordinator. The Energy expeiit also 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 egps to inventory work as their primary task. document for
the timeline of the inventory preparation h&gen prescribed and has been used by the experts within
preparation of this inventory round.

b) Inventory preparation
In the context of this Inventorgreparation, each of the expertsinvolved in the identification of the
sources of pollution, definition of the relevant data sources and data collection (activity data). All other
activities concerning the Inventory preparation and development have lmeganized through this
approach.

As part of QA/QC procedureepluty experts per sectors have checked in more detail manner activity
data and emissions calculations as well as links in the excel preparatory files prdpated
nominatedkeyexperts per setor according tahe workflow matrix.

1 ldentification 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 reasondirshés based on the
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geographical position of the Republicérth Macedonige.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 paw plants, gas turbines, etc.).

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

- Statistical Yearbooks of Republichdrth Macedonial 990-202F( startingfrom 2000data
are available on web)

-  MAKSTADATABASE from SSO

- Publications published by SSO in different areas (Transport, Industry in the Repiarthof
Macedonia Industry and Energy, Livestock, Agriculture and Forestry);

- Energy Balance of the RepublidNafrth Macedonigby Ministry of econom??

- Measurements data from thandustrialoperatorsand wastencinerationplant

- International web page databases (FAZDrostatetc.).

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

c) Data management angirocessing
Emission factors and activity data for different source categories are collected and calculated in
separate NFR excel tables, for the period from 1992022. NFR tables are categorized in separate
folders (ENERGY, INDUSTRY and SOLVENT PRODUCT USE, AGICULTURE, WASTE, TRANSPC
NATURAL SOURCEYS).

During each inventory preparation cycleyaluation,and update of selected emission factors of
previous years isonducted, if there is an available updated version of EMEP/EEA Guidéhdbis
reporting round EF from GB 2019 were checked and ealellationssheets and IR tables were
updated.

QA/QC activities include comparison of the value of input data iitBt LINS @A 2dza & S| NR& O
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.

The basic approach in the selection of the methodology ugetthe calculation of emissions and
selection of emission factors for easburceis driven by availability of activity data. The availability of
data and possible time series inconsistencies are described for each source categorgeatdial
chaptess, further below. Mainly the problem is coming from the fact that data coming from the
Statistical publications are not detailed enougdthe last census was carried in 2021, however did not
include detail data needed in different catagoridgdditionally,compared to the other European
countries, we have started with preparation of whole time series emission inventory for all pollutants
only in 2014Theseeffects in use of different methodology in the older statistical yearbook, and higher
use of data gafilling 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 detailandhistorical data are introducedvhichenable us to impovein this field.

22 http://www.stat.gov.mk/PublikaciiPoOblast.aspx?id=34&rbrObl=37
23 http://www.stat.gov.mk/PrethodniSoopstenijaOblast.aspx?id=64&rbrObl=21
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Consideringuch difficulties in the collection of data on activity rates, as well as the fact that Republic
of North Macedonialoes not yet have national emission factors with exception of those provided for
the major industries, Tiek methodologies and the corresponding emission factors fro@@Bwere

used to estimate emissions from most sources in this Invenidtty exeption of some categories in
which due to limitation of activity data, older versions of Guidebooks are.@elgin 1.A.1and2.C.2
implied emission factors are usetihese factors were calculated based on emissions reported in the
previous years and fuel used/production.

Calculation of emissions with use of Tier 2 method was carried out in the foll@einges: NFRs
1.B.1.a (Fugitive emission from solid fuels), 2.A.3 (Glass produ@i@ny.a (Domestic solvent use
including fungicides®.D.3.g (Chemical product®).D3iand 2.3 Other solventsad product useand
2.H.2 (Food and beverages industry.A and 5.D.2, for the whole reporting period. Implied emission
factors (IEFs) have been used in ME&tegories 1.A.1.a (Public electricity and heat producti@m.1
(Cement production®.C.1 (Metal productiorgnd 2.C.2¢ S NNE prddéicBod) Diér 2 has been also
introduced in 2.G (Lead production) and 2.&(Zinc Production)Tier 3 method for alculation was
used for calculation of NFR categories untiét.3.b forthe period2005-2022. Emission measurement
data for NOx, CO, SOx and TSP considered as Tier 3 were used in the NFR category 1.A.1.a.

Regardinghe specification of emission factors for certain number of emission sources, mainly for
point sources (Facilitiesdata from the manual monthland yearly emissions measurements of
pollutant, measurements done with automated systems, carried out av#reus 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 10.

d) Reporting
For reporting of emissions, data from sep&eh calculated sheets tables per NFR, containing EFs,
activity data and calculated emissions per pollutant, were linkethe NFR table for reportinghis
was carried out with thesupport of a NFR Reporting Tool, which was developed within the EU
Twinnirg project and implemented by an IT expert from MEPP. The NFR Reporting Tool transposes
columns to rows, includes datmalysisand provides emission trends. NFR Reporting tool is linked
with the NFR_14 reporting template and reporting towards UNECE ahdsEfarried out within the
given deadline.For thisyear the air emission inventory was reported on 42024 and the
resubmission was carried out dn032024.

During the preparation of the current submission of Informative Inventory Report i, 204 below
listed guidelines were followed:

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

- Annex Il of the Guidelines Recommended structure for the Informative Inventory Report (IIR)
- Documentation of methods, trends, recalculations, activity data ather information
relevant for understanding thiventory.

- EMEP/EEA air pollutant emission inventory guidebodk009;

- EMEP/EEA air pollutant emission inventory guidebodk013;

- EMEP/EEA air pollutant emission inventory guidebodk016;

- EMEP/EEA aioflutant emission inventory guideboak 2019;

- EMEP/EEA air pollutant emission inventory guidebodk023;
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The structure of theabovementioned guidelines was followed by the author$o achieve
transparency, consistency, completenesanparability and acuracy of reported emission data. This
IIR as the previous one, was reported after the given deadline, namtblg beginning ofAprildue to

the § E LISeNgadgementn other duties It is planned from the nextubmissiorto respect the given
reporting deadline also for the IlRut 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 Guideld@ targeting on
transparency, completeness, consistencgmparability,and accuracy of eissions dataln cases

where we are limited with activity data, emission factors frolder EMEP/EEA Emission Inventory
Guidebook have been used.

The calculation of emissions is based on activity data (AD), which represents the magnitude or volume
of an ativity 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 oe.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 factorsin some key sectorshat would more accurately correspond to theetional
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 andnquiries carried out by MEIC. Feub-sectors and source categories, more
detailed data are required than those published in official statistical reports, such as disaggregated
energy balance, vehicle fleet eta.theTable 7the official activity dataources in relation to the NFR
sectorsare presented The web pages for those data that are available are given in the chapter
references. Data requested upon official letterseemails butare not available publicly are reported

only here in the followig table.

Table7 Activity data sources

NFR Data source Data provider
Sector
Energy Statistical Yearly reports 199D22 [22] Ministry of
Energy balance 2062022 [23] economy
Energy statistickor 2000-2010 [2] MEPP
MAKSTA®@atabaseEnergy [B] State statistical
office
Transport State Statistical Office of the Republic of North Macedohiansportand other Ministry of
communications, 2002015 [®], Interior
MAKSTAT database data on transport][2 State statistical
MOI carfleet database 2052022 office
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NFR

D r D rovider
Sector ata source ata provide
Industrial Industry in the Republic of North Macedon28022007,200320032008,2004 State statistical
Processes | 2009,20052010,20062011,20072012,20082013,20092014, 201€2015 [3B] office
MAKSTAT database industrial dat®]2
Statistical Yearly reports 198D22 [22] MEPP

Questionnaire for emissions in environment 2€4@22
http://minerals.usgs.gov/minerals/pubs/country/europe.html#nfi&0]
Solvent and  State Statistical Office dfie Republic of North Macedonia. Commodity internation¢ State statistical

Other exchange in the Republic of North Macedonia, 22065 [31] office
Product Industry in the Republic of North Macedon28022007,200320032008,2004
Use 2009,20052010,20062011,20072012,20082013,20092014,20102015 [B]

MAK STAT database on solverg][2 MEPP

Statistical Yearly reports 199022 [22]
Questionnaire for emissions in environmeg014-2022
Data required from SS@rfactivity data through info email

Agriculture = State Statistical Office of the Republic of North Macedonia, Field crops, orchards State statistical

vineyards, 2002017 [32] office
YearlyStatistical reports 1992022 [22] MAKSTAT
StateStatistical Office of the Republic of North Macedonia, Livestock,-2008 [3]  database
MAK STAT database agriculturd][3 MAFWS

State Statistical Office of the Republic of North Macedonia, Forestry2006 [¥H], FAO
Census of agriculture, 2007, Individagricultural holdings grouped by total availabl
land, by regions, 2008 B

Waste Staistical Yearly reports 1990022 [22] State statistical
Feasibility study obrislalandfill, book 1of 2, General overview, Final repduigust  office
2011 [37] Public
G5NRatle tFyRFTAEE S0 LI IS woysd enterprise
Drisla, Yearly environmental reports, 2013, 2014, 2015, 2016,2017,2018 a5NRAT €
,201920202021,2022 EUROSTATE
Data on treated communal water 19D22 reported bywastewater treatment Wastewater
plants. treatment
PRTR database in MERB] [ plants
Natural State Statistical Office of the Republic of North Macedonia, Forestryc2004[35] State statistical
sources Data on fires (burned area, burned forests) reported by Macedonian forest fires 1 office
2022 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 CEIfhetrend analysis was cardeout as recommended in the Stage 3 review
carried out last yeafor the first time and carried outduringthis year

According to the UNECE CLRTAP Reporting Guidelines sources contributing to an accumulated 80% to
total emissions are defined as ksgurces.

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 pollutardgs made using methodology that
F2tt26a GKS ljdzr yGAdl GA BPMEP/EEALENBoHUGH emisEion RigeatdNA 6 S R
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guidebook 2016 @ ' 3 RSAONAOGSR Ay ! LILINRIFOK wmX 1S@& Ol G4S3:
cumulative emissions threshold. Keategories 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 acidificatiorutrophication,and Groundevelozone (NOx, NMVOC, SOxsldhd CO),
Particles (TSP) and heavy metals (Pb, Cd, Hg, As, Cr, Cu, Ni, Se and Zn). Cumul8tjweJaiike

the key sources for all reported pollutantfhe key category analysis followingthe KCA table sent

by CEIRhrough the REPDAP.

The KCA table shows thdttet energy 1AlandlA2gviias well agoad transport (1A3biii, 1A3bi and
11A2gvii) are main sources of NOx. Energy sector emissions are mainly from power plants using
lignite. This sector is key category fdDxSbecause of high conten of sulphur in the dosmkgitdte

used for electricity production. This source is key category for many metals like Hg, As, Cr, Ni and Se

Domestic heating is key source for NMVVOC but there are many sources which constituterkeg s

Agriculture is main source for ammonia especially 3Bla (diary cattle) and 3B3 swine and manure
managamnet of soils like 3Da3 and 3Dal.

Combustion in residental combustion plants is main sources for particulates (PM10,PM2.5, TSP) , BC,
CO and HMzZh and Cdl and POPs (PAHs, DIOX) pollutarts.HCB due to the closure of aluminium
production installation, the key category is clinical waste incinera®i®Gabiii The key categories for

all air pollutants are presented in Tablek&y categories for phitants under CLRTAP for 2022 are in
compilance with thosealculated by CEIP and presented in Stage 2 review

Table8 Key categories for all air pollutantr 2022

: . S . Total
Pollutant Key categories 2QR(sorted from high to low contribution from left to right) %
NOx 1Ala 1A3biii  1A2gviii  1A3bi  1A2gvii 80.2%
NMVOC 1A4bi 1B2av 2D3d 2D3 2D3 3Bla 3De 1Bla 1A3bv 80.2%
1Ala 96.9%
SQ
3Bla 3Da2a 1A4bi 3Da3 3B3 3Dal 82.6
NHs
%
1A4bi 1Ala 83.
PM25 5%
PM10 1A4bi 1Ala 3Dc 80.2%
TSP 1A4bi 1Ala 3Dc 2A% 2A5a 83.8%
BC 1A4bi 1A3Dbii 1A3bi  1AZvi  1A2gvii 81.2%
ii
CcO 1A4bi 1A3h BAiI 1A2a 81.1%
Pb 1A2a 2C1 1A4bii 1A2a  1A3bvi 82%
Cd 1A4bi 1Ala 2C1 85.9%
Hg 1Ala  1Ayvii  2C1 2K 83.0%
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Total

Pollutant Key categories 2QR(sorted from high to low contribution from left to right) %
As 1Ala 1A2gviii 1A2a 5C2 2C5 80.4%
Cr 1Ala 1A4bi 1A3bvi 1A2a 81.2%
Cu 1A3bvi 88.0%
Ni 1Ala 90.0%
Se 1Ala 1A4bi 98.9%
Zn 1A4bi 1A1Aa  1A3bvi 1A2a 2C1 87.1%

DIOX 1A4bi 2C1 83.4%
PAH 1A4bi 1A2a 85.1%
HCB 5C1biii 1A4bi 96.0%
PCBs 2K 85.7%

2.6. QA/QC and Verification methods

QA/QC activities are part of the annual inventprgparation process as described under this chapter.
A management process has been set dgfining roles and responsibilities. The inventory team in
North Macedoniaconsists ofsevenexperts, partly having double roles. Thaergy expertis also
responsilte for the QA/Q@rocedures andompiles the emissions fone sectorand support industry

and solvent expertsee Figure below).

U al Approva

Head of Department
Head of Division

Industry and Other
solvents and product
use

Figure3 Roles in inventory preparation and submission

The sector experts areesponsible for selection of method€bllection of input data, emissions
calculation as well as Q&re carried outat sector level. The project Manageverseesoordination

of activities, timelypreparation,and completeness of IIR, as well as crasgsing 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 chungaralysis,
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KCA, trend assessment and recalculations filesdone by QA/QC Manager with support of the IT
expert.

QA/QC Plan and guality objectives
A QA/QC plastill notdevelopeddue 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
OF NNASR 2dzi o6& O2dzyGAy3d GKS G2GFf ydzYoSNI 2F RI G
YR GAYyOf dzZRERNBEGESGKENBEROT dzii yiavd ¢KSy GKS aKl
Ad RSOUSNX¥AYSR® ¢KS NEndztoinparisBrifwithithie jpreviodsSubMEson is y I £ &
shown in Table below. As shown, completeness has been improved sincéblagtsian, since activity
data for some sectors were made available.

The timeliness parameter of the ItRntaining2022 emission datavas set to 95%, as the IIR report
was submitted after the official deadline of 84arch defined in the CLRTAP Reporting Guidelines
(ECE/EP.AIR/125), due to engagement of the expedthar work overload Submission of emission
data, i.e. NFR Tables to CEIP was however done in tit"dfebruary and resubmission was done
on 7" March this year.

C2NJ ySEG &SIFNDa adoYAaairzy AlG A& LILFYYySR (2 &dzmy
UNECE CLRTAP Reporting Guidelines.

Table9 Completeness Analysiz022

Sector Submissior2023 Submissior2024 PlanSubmissior2025
1990 2022 1990 2021 2022 1990 202 2023
Transparency (IE) 98% 98% 98% 98% 98% 98% 98% 98%
90% (2% &
Completeness 89% 94% 90% 95%  95% ’ ’ ’
(NE)
Completeness (lIF ~320pages ~340pages ~ 360 pages
- 0
Timeliness 9506+ 9506+ 100%

(Submission)
Accuracy, consistency, and comparability were checkedduring the EMEP/EEA Reviews.
Recommendations from the Stage 3 reviews (2011, 2@D20 and 2022, have beenpartially
implemented as can be seen frosectorial chapters. Those that have not been implemented and will
be implemanted in future submission angresentedin the improvement plan below.

The Workflow matrix has been prepared, and the following QA/QC activities were carriedoout
ensure the quality of the inventory:
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Table10 Annual time schedule

Task Description Responsibility| Deadline
AD collection and QC Requesting input data Sector expert April 30
input data for all
sectors Quality control (QC) input data Sector expert | June 30
Review results Implementation of review recommendations Sector expert October 30
Emissions calculation Estimation of emissions for alburces Sector expert October 30

sectol

QC (general and November 30

category specific)

Quality Checks of sectoral inventories (categspecific QC)
results, emission trends, recalculations

Deputy
expert

NFR compilation Compilation oNFR/(aggregated) data tables Data Manager = December 31

NFR submission Submission of NFR tables QA/QC expert = February 15

Time series reports & . . . ‘

Recalculations & KCA Recalc_ulatlon Analysis, Key Category Analysis, Uncer QA/QC expert  January 31
Analysis

& UA

IIRsectorialchapters = Compilation of the IR updating of methodological issues Sector expert February 15

Compilation of a draft IR report QA/QC expert = February 28

Preparation of
ALY TF2NNIEGA
LY@SyidzNE

Provide the IIR reporfor PeerReview; revision of the I
pursuant to comments received or inclusion
recommendations in planned improvements (both frc
reviews and internal comments)

Head of Division March 1

QCIIR QC of lIR (requirements fulfilledpmpleteness, etc.) QA/QC expert = March 10
Apprqva_l of Official approval of the IIR report Head of Unit March15
submission

UNECE Submission = Submission of the IIR NRC March15

*These deadlines for preparation and refiog ofthe IIR will be respected frofature submissionsDuring this reporting round we
usuallypostponed submission of the IFy 18" April, sinceemission invenotgxperts beside inventory are also engaged in other tasks

2.6.1. Quiality

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 reportergd to improve the inventonSector related QC is
performed by sector experts during (categapecific QC) and after (general QC) the inventory
preparation. General checks relate to calculations and data processing. The completeness of the
inventory ischecked to meet the current situation of sources in the country and the pollutants likely
to be emitted. Documentation/archiving of the inventoare applicable to all source categories.
Categoryspecific quality checks relate to input data, esm$ dataand emission factors.

- Plausibility check of data received from operators (categpscific);

- Analysis of time seriegata;

- If anything is unclear, questions for clarification are sent to the data provider (category
specific);

- Assessment of needs for recalations (categorgpecific);

- Check of gap filled data/check interpolation and extrapolation methods (categpswyific);

- Comparison of country specific emission factors with default values (catsgenific);

- Documentation of actions taken in calculatisheetso ensuretransparency

- Comparison of emissions calculated and imported to the NFR template (general);

- Check of consistency within NFR template (general);
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- Correct use of notation keys;

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

- Correctand complete description ahethods.
After finalization of the IIR report, before official approval and submission, the whole report is checked
by the QA/QCGnanageror some other expert appointed for:

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

- Completeness of generalperting (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 inforation on key category analysis;

- Explanation osignificant trends in the time series
During this yearthe format, consistencyand completeness of the inventory before submitted to
UNECE/CEIRbles were checked through REPDAP and corrections were made acctrding
receivedoutput file from RepDh (RepDab ReportYhis year minor corrections were proposed by
CEIP.

2.6.2. Quality

assurance procedures
The IR report itself is annually sent for approval by the Head of division aradranpelityexpert that
have not been included in the preparation procamse weekbefore 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, to improve transparencyconsistency, comparabilitgpmpletenessand accuracy of submitted

data.

The review consists of three stages, whereby stage 1 and 2 are carried out annually, and the third
stagec the in-depth reviewc¢ on an irregular basigzindings in the Stage 1 and 2 review report are
elaborated in the chapter emission trends and recalculatidie Stage 3 review of the Macedonian
Inventory was carried out iMay ¢ September2023, for emissions coming from agriculture sector
Some of reomendationswere incorporated irthis report. Those recommendations that are planned

to be implemented in the following submissions are listed indhapter for planned improvements.

2.6.3. 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 foldsrstem, 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 ltheatian for a

specific reporting year. Furthermore, after eactporting cycle, all data filegpreadsheetsand

St SOGNRYAO R20dzYSy (donylFWNB S&a NDOKABSRIKINE WKISRR I NE
unintentional change and estimates, and can keadly traced backe.g.,during the review process.
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Backup copies (DVD) of the server are made at regular intervals. Access to files is limited to the
inventory team.

Ly GKS ySEG &@SIFENE GKS a2t Ré
This shall ensure consistency in the methods and data used.

FTAf S& mckyfprepam@tidn. 02 LIA SR

Assumptions and methodological issues related to the calculagian, éxtrapolation or gap filling),

are documented in the respective calculation files. All calculdtiesk I S | aKSSi4G OFff SR
beginning, defining the person responsibility these calculationsnoting the last update, noting

problems encountered, improvements needed, data sources and the status. This is imgortant
document the work, andkeep an overview, which is especially essential when one person is

responsible for numerous sectors and categories.

f i N 4 )
Requirements UNECE Communications
; EMEP/EEA Guidebook oV O % mail
COPERT Doc. —
> 20 AND » reports
N J P AlL PLA N J
( Sector specific data A ~— fQAfQC )
¥ (data) sources =i » QA/Qc plan (under
» parameters preparation)
¥ All relevant data from i B ¥ Planned and implemented
external institutions Improvement (list)
\§ J ! Y,
'Y N b r \
Informative Inventory Report S U Internal Team communication
D atio » mail & email
(1IR)
» protocols
. J \_ )
L/
Calculation sheets
» “freezed” submission NFR tables
Figure4 Archiving system
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2.6.4. Continuou
S improvement

The Macedonian inventory is subject to continuous improvement

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

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

- setting quality objectives L
. . - 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 /

Figure5 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 (crossutting) issues are identified and collected by the project @& QC manager in an
own list.

Sources of improvements are CLRTéMrew findings, but also improvement ideas from the inventory

experts, or suggestions from outside experts (in the frame of QA). Besides the source, the list includes
concrete improvement measures, prioritization, and timeline for implementation of thasuees as

Sttt a I R20dzySyidlr A2y FASER F2NJ GKS adlrddza 27

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

2.7. General uncertainty evaluation

Theuncertanty assessment of the main pollutants ¢SRQ, NMVOC, NHandPM, 5) has been carried

out. The assessment was carried out for the base year 1990 and for th2@&saiThere is a need of

further trainings on this subject since now the knowledge is lichaaed excel files developed in the

Twining project are updated on yearly base.

¢tKS YSUiK2R F2NJ 0KS FaasSaayvySyid 2F dzyOSNIlFAyidié Aa
AY@SYyiG2NE 3JdzARS0221 HAMcEé 099! WA mbelierd médi G KS &
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was implemented for the main pollutants. By using the error propagation method, the uncertainties
for a specific source category can be estimated. By combining these uncertainties an overall
uncertainty can be calculate@oestimate theoverall 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 Trablell for activity andTablel2 for emission factors.

Table11 Rating definitions foractivity data

Data source Error range

The national (official) statistics -

Ly dzLJRIFGS 2F flad @SINRa adlrdraadad 02%

L OECD: 3%
IEA energy statistics
non-OECD: 0%
UN data bases 5-10%
Default values, other sectors and data sources 30-100%

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

Tablel2 Rating definitions for emission factors

Rating Definition Typical Error Range
A An estimate based on a large numbema¢asurements made at a large number | 10 to 30%
facilities that fully represent the sector
B An estimate based on a large numbemaéasurements made at a large number 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 numb 50 to 200%
representative facilities, or an engineeripglgmentbased on a number of revant
facts
D An estimate based on single measurements, or an engineering calculation de 100 to 300%

from a number of relevant facts
E An estimate based on an engineering calculation derived from assumptions on order ofmagnitude

Source: Table-3 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 pollutantsN&D)
NMVOC, Nkand PM s, for the year2022 and the respective level and trend uncertainties. The results
of the uncertainty analysis are presented in following tables.

Table13Result of overall uncertainty estimation for the main pollutants 3G, NMVOC, NH
and PM s

Pdlutants Emission2022 Level uncertainty2022 Trend unc;%r;linty 1990
SQ 90.6 kt 20.0% 5.6%
NOX 22.7 kt 18.2% 5.9%
NMVOC 26.1 kt 435% 12.1%
NHs 8.3 kt 91.9% 22.5%
PM2.5 8.406 kt 90.7% 12.9%

A more detailed presentation of the uncertainties sectoriallevel is given in the following tables
below.
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Tablel4 Uncertainty estimation of S@emissions 1990 and022

input data input data (G*D)"2/Summe PFF JErsqrt(2)
s02 Input data | Input data Note A Note A E2+PN(1/2) (D)2 Note B__| Disumme( ©) Note C Note D. K2 + 182

1Ala S02 102,1 87,7, 5.0 20,0 20,62 398,76 0,05 0,78 0,93 5,53 31,46
1A1b S02 08 NO 50 20,0 20,62

1A2a S02 14 2,0 10,0 20,0 22,36 0,24 0,01 0,02 0,16 0,25 0,09
1A2b S02 2,1 0,0 10,0 20,0 22,36 0,00 -0,02 0,00 -0,30 0,00 0,09
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 -0,04 0,00 0,00
1A2e S02 02 0,0 10,0 20,0 22,36 0,00 0,00 0,00 -0,03 0,00 0,00
1A2g8 S02 0,4] 05 10,0 20,0 22,36 0,01 0,00 0,00 0,02 0,06 0,00
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 0,0 10,0 20,0 22,36 0,00 0,00 0,00 -0,09 0,00 0,01
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 02 0,0 10,0 20,0 22,36 0,00 0,00 0,00 -0,02 0,00 0,00
1A4b S02 0,4] 0,1 20,0 20,0 28,28 0,00 0,00 0,00 -0,03 0,03 0,00
1A4c S02 02 0,1 10,0 20,0 22,36 0,00 0,00 0,00 -0,01 0,01 0,00
1B2a S02 08 o 10,0 20,0 22,36 0,00 -0,01 0,00 -0,11 0,00 0,01
1B2c S02 0,0 NO 20,0 20,0 28,28

5C SO2 0,0 0,0, 10,0 200,0 200,25 0,00 0,00 0,00 0,00 0,00 0,00

Table15 Uncertainty estimation of NQ emissions 1990 and022
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input data input data (G*D)*2/Summe PFF JErsqrt(2)
NOX Inputdata_| Input data Note A Note A E\2+F2)7\(1/2) (D2 Note B D/Summe( C) Note C Note D KA2 + 112

1Ala NOX 23,8 6.4 5,0 20,0 20,62 33,56 -0,12 0,14 -2,37 0,99 6,59
1A1b NOX 0,3 NO| 50 20,0 20,62

1A2a NOX 18 0,7 10,0 40,0 41,23 1,68 0,00 0,02 -0,17 0,22 0,08
1A2b NOX 0.7 0,0 10,0 40,0 41,23 0,00 -0,01 0,00 -0,29 0,01 0,08
1A2c NOX 0,1 0,0 10,0 40,0 41,23 0,00 0,00 0,00 -0,02 0,00 0,00
1A2d NOX 0,1 0,0 10,0 40,0 41,23 0,00 0,00 0,00 -0,02 0,00 0,00
1A2e NOX 09 0.4 10,0 40,0 41,23 0,47 0,00 0,01 -0,04 0,12 0,02
1A2g7 NOX 37 0,9 10,0 40,0 41,23 2,63 -0,02 0,02 -0,83 0,28 0,77
1A2g8 NOX 2,0] 28 10,0 40,0 41,23 25,50 0,04 0,06 1,56 0,86 3,18
1A3a NOX 03 05 10,0 40,0 41,23 0,85 0,01 0,01 0,31 0,16 0,12
1A3b NOX 89 9,0 10,0 40,0 41,23 264,60 0,10 0,20 3,97 2,77 2344
1A3c NOX 0,4] 0,0 10,0 40,0 41,23 0,01 0,00 0,00 -0,12 0,02 0,02
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 0,7 10,0 40,0 41,23 1,56 0,01 0,02 0,54 0,21 0,34
1A4b NOX 08 0.4 20,0 40,0 44,72 0,66 0,00 0,01 0,00 0,26 0,07
1A4c NOX 0.8 03 10,0 40,0 41,23 0,27 0,00 0,01 -0,08 0,09 0,01
1B2a NOX 03 = 10,0 40,0 41,23 0,00 0,00 0,00 -0,13 0,00 0,02
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 -0,02 0,00 0,00
3B1 NOX 01 0,1 53 40,0 40,35 0,03 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 -0,01 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 0,1 0,0 10,0 40,0 41,23 0,00 0,00 0,00 -0,02 0,01 0,00
3Da NOX 03 0.4 50,0 40,0 64,03 1,09 0,01 0,01 0,20 0,57 0,37
5C NOX 0,1 0,0 10,0 200,0 200,25 0,14 0,00 0,00 0,07 0,01 0,01
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Tablel6 Uncertainty estimation of NMVOC emissions 1990 &£2@P2

Member State: MK
Reporting year: 2022
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 * [emissio ™ (1) - (1) = | uncertaint -T year X~ [ sensitivi 7 | sensitivi ¥ | paramete ™ uncertainty (3) ™ | national emissior ™
Mg Mg % % % % % % % % %
input data input data (G*D)"2/Summe PE JEsqrt(2)
PM2.5 Input data | Input data Note A Note A (Er2+F2)7(1/2) (D)"2 Note B D/Summe( C) Note C Note D KA2 + L2
1Ala PM2.5 3,5 1,1711] 5.0 125,0 125,10 309,33 0,01 0,04 1,06 0,25 1,18
1A1b PM2.5 0,0 NO 5,0 40,0 40,31
1A2a PM2.5 02 0,2835 10,0 40,0 41,23 1,97 0,01 0,01 0,28 0,12 0,09
1A2b PM2.5 03 0,0012 10,0 40,0 41,23 0,00 0,00 0,00 -0,08 0,00 0,01
1A2c PM2.5 0,0 0,0006 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A2d PM2.5 0,0 0,0011 10,0 40,0 41,23 0,00 0,00 0,00 -0,01 0,00 0,00
1A2e PM2.5 01 0,0350 10,0 40,0 41,23 0,03 0,00 0,00 0,03 0,02 0,00
1A2g7 PM2.5 0,2 0,0575 10,0 125,0 125,40 0,75 0,00 0,00 -0,01 0,03 0,00
1A2g8 PM2.5 0,1 0,0931 10,0 125,0 125,40 1,97 0,00 0,00 0,28 0,04 0,08
1A3a PM2.5 0,0 0,0029 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A3b PM2.5 0,0 0,3742 10,0 40,0 41,23 3,43 0,01 0,01 0,45 0,16 0,23
1A3cC PM2.5 0,0 0,0012 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A3d PM2.5 0,0 0,0001 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A3e PM2.5 = 0,00 0,00
1A4a PM2.5 0,0 0,0828 10,0 125,0 125,40 1,55 0,00 0,00 0,30 0,04 0,09
1A4b PM2.5 118 5,8499 20,0 1250 126,59 7.903,09 0,09 0,18 10,85 5,09 143,62
1A4c PM2.5 0,0 0,0312 10,0 125,0 125,40 0,22 0,00 0,00 0,08 0,01 0,01
1Bla PM2.5 0,0 0,0305 10,0 200,0 200,25 0,54 0,00 0,00 0,12 0,01 0,02
1B1b PM2.5 NE| NE|
1B2a PM2.5 0,0 - 10,0 200,0 200,25 0,00 0,00 0,00 -0,01 0,00 0,00
1B2b PM2.5 NE] NE]
1B2c PM2.5 NA NO 20,0
2A1 PM2.5 01 0,0307 20 200,0 200,01 0,54 0,00 0,00 0,09 0,00 0,01
2A2 PM2.5 0,0 NO 50 200,0 200,06
2A3 PM2.5 0,0 NO 10,0 200,0 200,25
2A5 PM2.5 0,1 0,0922 10,0 200,0 200,25 4,92 0,00 0,00 0,46 0,04 0,21
2C1 PM2.5 0,1 0,0053 2,0 40,0 40,05 0,00 0,00 0,00 -0,03 0,00 0,00
2C2 PM2.5 14,7 0,0232 50 40,0 40,31 0,01 -0,11 0,00 -4,58 0,01 21,02
2C3 PM2.5 0,0 NE| 20 40,0 40,05
2C5 PM2.5 0,2 0,0001 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 0,0036 20,0 40,0 44,72 0,00 0,00 0,00 -0,01 0,00 0,00
2G PM2.5 0,7 0,0293 20,0 40,0 44,72 0,02 0,00 0,00 -0,19 0,03 0,04
3B1 PM2.5 0,1 0,0527 53 200,0 200,07 1,60 0,00 0,00 0,20 0,01 0,04
3B2 PM2.5 0,0 0,0129 10,2 200,0 200,26 0,10 0,00 0,00 0,01 0,01 0,00
3B3 PM2.5 0,0 0,0012 6,1 200,0 200,09 0,00 0,00 0,00 0,01 0,00 0,00
3B4 PM2.5 0,0 0,0075 10,0 200,0 200,25 0,03 0,00 0,00 0,00 0,00 0,00
3BS PM2.5
3Da PM2.5 = 50,0 200,0 206,16 0,00 0,00 0,00 0,00 0,00 0,00
5A PM2.5 0,0 0,0001 50,0 200,0 206,16 0,00 0,00 0,00 0,00 0,00 0,00
5C PM2.5 01 0,0539 10,0 200,0 200,25 1,68 0,00 0,00 0,22 0,02 0,05
5D PM2.5 = 0,00 0,00
Total 32,527 8,3 8.231,78 166,70
Uncertainty in
total inventory
Total Uncertainties %: 90,73 Trend uncertainty %: 12,91
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Tablel7 Uncertainty estimation of NHemissions 1990 an8022

Member State: MK
Reporting year: 2022
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 ™ [emissio ¥ (1) - (1) - | uncertaint -T year x| sensitivi 7 | sensitivi ¥ | paramete ™ uncertainty (3) ~ | national emissior ~
Mg Mg % % % % % % % % %
input data input data (G*D)"2/Summe PF JErsqrt(2)
NH3 Inputdata | Input data Note A Note A (E2+FA2)N(1/2) (D)2 Note B[ D/Summe( C) Note C Note D KA2 + L2
1A1la NH3 NA NA 5,0
1A1b NH3 NE| NO 5,0
1Alc NH3 NO NO
1A2a NH3 NA 0,00031 10,0 0,00 0,00
1A2b NH3 NA NA 10,0
1A2c NH3 NA NA 10,0
1A2d NH3 NA 0,00001 10,0 0,00 0,00
1A2e NH3 NA 0,00018 10,0 0,00 0,00
1A2f NH3 NO NO
1A2g7 NH3 0,0 0,00022 10,0 1250 125,40 0,00 0,00 0,00 0,00 0,00 0,00
1A2g8 NH3 0,0 0,00012 10,0 0,00 0,00 0,00
1A3a NH3 = E 10,0 0,00 0,00 0,00
1A3b NH3 = 0,10186 10,0 125,0 125,40 2,44 0,01 0,01 0,86 0,10 0,75
1A3c NH3 0,0 0,00001 10,0 1250 125,40 0,00 0,00 0,00 0,00 0,00 0,00
1A3d NH3 - - 10,0 0,00 0,00 0,00
1A3e NH3 = 0,00 0,00
1A4a NH3 o 0,00015 10,0 0,00 0,00 0,00
1A4b NH3 0,1 1,06322 20,0 1250 126,59 270,48 0,07 0,07 8,40 2,04 74,72
1A4c NH3 0,0 0,00011 10,0 125,0 125,40 0,00 0,00 0,00 0,00 0,00 0,00
1A5b NH3 NA NA
1Bla NH3 NA NA 10,0
1B1b NH3 NE] NE]
1B2a NH3 0,0 o 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1B2b NH3 NE| NE|
1B2c NH3 NO| 20,0
2A1 NH3 NA NA 2,0
2A2 NH3 NO 5.0
2A3 NH3 0,0 NO 10,0 40,0 41,23
2A4a NH3
2A4b NH3
2A4c NH3
2A4d NH3
2A5 NH3 - - 10,0 0,00 0,00 0,00
2A7a NH3
2AT7hb NH3
2A7c NH3
2B1 NH3 NO| NO|
2B2 NH3 NO NO
2BS NH3 NE]| NE]|
2B8 NH3 —I -I
2B-10 NH3 l | 0,00 0,00
2c1 NH3 NEI Ngl 20
2C2 NH3 NA NA 5,0
2c3 NH3 NA | | 2,0
2c4 NH3 NE| NE|
2CS5 NH3 NA NA 5,0
2C6 NH3 NA NO 5,0
2C7 NH3 - - 0,00 0,00
2D NH3 = 0,00007 20,0 0,00 0,00 0,00
2E NH3
2F1 NH3
2F2 NH3
2F3 NH3
2F4 NH3
2F5 NH3
2F6 NH3
2G NH3 01 0,00451 20,0 0,00 0,00 0,01
2H NH3 = 20,0 0,00 0,00 0,00
21 NH3 NA NA
3A1 NH3
3A2 NH3
3A3 NH3
3A4 NH3
3B1 NH3 29 1,98160 53 125,0 125,11 917,75 0,02 0,13 3,08 1,01 10,53
3B2 NH3 09 0,25860 10,2 125,0 125,42 15,70 -0,02 0,02 -2,12 0,25 4,54
3B3 NH3 0.9 0,86446 6,1 1250 125,15 174,76 0,03 0,06 3,22 0,50 10,62
3B4 NH3 24 0,59189 10,0 125,0 125,40 82,26 -0,05 0,04 -6,21 0,57 38,85
3B5 NH3
3Da NH3 7.4 3,31518 50,0 200,0 206,16 6.974,23 -0,05 0,22 -10,75 15,87 367,25
3H NH3
el NH3 NE] NE]
5A NH3 0,00054 0,00125 50,0 0,00 0,00 0,01
5B NH3 = 0,00003 0,00 0,00
5C NH3 = = 10,0 0,00 0,00 0,00
5D NH3 - = 0,00 0,00
Total 14,8 8,2 8.437,61 507,25
Uncertainty in
total inventory
Total Uncertainties %: 91,86 Trend uncertainty %: 22,52
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Tablel8 Uncertainty estimation of PM2.5 emissions 1990 apd22

Member State: MK
Reporting year: 2022
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  [emissio ™ (1) - (1) = | uncertaint -T year x| sensitivi 7 | sensitivi ¥ | paramete ™ uncertainty (3) © | national emissior *
Mg Mg % % % % % % % % %
input data input data (G*D)"2/Summe FF JE*sqrt(2)
PM2.5 Inputdata_| Input data Note A Note A (Er2+F )M (1/2) (D)2 Note B D/Summe( C) Note C Note D KA2 + LA2
1A1la PM2.5 3,5 Al 5,0 125,0 125,10 309,33 0,01 0,04 1,06 0,25 1,18
1A1b PM2.5 0,0 NO 5,0 40,0 40,31
1A2a PM2.5 0,2 0,2835 10,0 40,0 41,23 1,97 0,01 0,01 0,28 0,12 0,09
1A2b PM2.5 0,3 0,0012 10,0 40,0 41,23 0,00 0,00 0,00 -0,08 0,00 0,01
1A2c PM2.5 0,0 0,0006 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A2d PM2.5 0,0 0,0011 10,0 40,0 41,23 0,00 0,00 0,00 -0,01 0,00 0,00
1A2e PM2.5 0,1 0,0350 10,0 40,0 41,23 0,03 0,00 0,00 0,03 0,02 0,00
1A2g97 PM2.5 0,2 0,0575 10,0 1250 125,40 0,75 0,00 0,00 -0,01 0,03 0,00
1A2g8 PM2.5 01 0,0931 10,0 1250 125,40 1,97 0,00 0,00 0,28 0,04 0,08
1A3a PM2.5 0,0 0,0029 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A3b PM2.5 0,0 0,3742 10,0 40,0 41,23 3,43 0,01 0,01 0,45 0,16 0,23
1A3c PM2.5 0,0 0,0012 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A3d PM2.5 0,0 0,0001 10,0 40,0 41,23 0,00 0,00 0,00 0,00 0,00 0,00
1A3e PM2.5 ° o 0,00 0,00
1A4a PM2.5 0,0 0,0828 10,0 1250 125,40 1,55 0,00 0,00 0,30 0,04 0,09
1A4b PM2.5 11,8 5,8499 20,0 125,0 126,59 7.903,09 0,09 0,18 10,85 5,09 143,62
1A4c PM2.5 0,0 0,0312 10,0 125,0 125,40 0,22 0,00 0,00 0,08 0,01 0,01
1Bla PM2.5 0,0 0,0305 10,0 200,0 200,25 0,54 0,00 0,00 0,12 0,01 0,02
1B1b PM2.5 NE] NE]
1B2a PM2.5 0,0 b 10,0 200,0 200,25 0,00 0,00 0,00 -0,01 0,00 0,00
1B2b PM2.5 NE] NE|
1B2c PM2.5 NA NO| 20,0
2A1 PM2.5 01 0,0307, 2,0 200,0 200,01 0,54 0,00 0,00 0,09 0,00 0,01
2A2 PM2.5 0,0 NO 5,0 200,0 200,06
2A3 PM2.5 0,0 NO 10,0 200,0 200,25
2A5 PM2.5 0,1 0,0922 10,0 200,0 200,25 4,92 0,00 0,00 0,46 0,04 0,21
2C1 PM2.5 01 0,0053 20 40,0 40,05 0,00 0,00 0,00 -0,03 0,00 0,00
2C2 PM2.5 14,7 0,0232 5,0 40,0 40,31 0,01 -0,11 0,00 -4,58 0,01 21,02
2C3 PM2.5 0,0 NE| 2,0 40,0 40,05
2C5 PM2.5 0,2 0,0001 5,0 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 0,0036 20,0 40,0 44,72 0,00 0,00 0,00 -0,01 0,00 0,00
2G PM2.5 0.7 0,0293 20,0 40,0 44,72 0,02 0,00 0,00 -0,19 0,03 0,04
3B1 PM2.5 0,1 0,0527 53 200,0 200,07 1,60 0,00 0,00 0,20 0,01 0,04
3B2 PM2.5 0,0 0,0129 10,2 200,0 200,26 0,10 0,00 0,00 0,01 0,01 0,00
3B3 PM2.5 0,0 0,0012 6.1 200,0 200,09 0,00 0,00 0,00 0,01 0,00 0,00
3B4 PM2.5 0,0 0,0075 10,0 200,0 200,25 0,03 0,00 0,00 0,00 0,00 0,00
3B5 PM2.5
3Da PM2.5 - - 50,0 200,0 206,16 0,00 0,00 0,00 0,00 0,00 0,00
5A PM2.5 0,0 0,0001 50,0 200,0 206,16 0,00 0,00 0,00 0,00 0,00 0,00
5C PM2.5 01 0,0539 10,0 200,0 200,25 1,68 0,00 0,00 0,22 0,02 0,05
5D PM2.5 - - 0,00 0,00
Total 32,527 8,3 8.231,78 166,70
Uncertainty in
total inventory
Total Uncertainties %: 90,73 Trend uncertainty %: 12,91

2.7.2. Backgroun
d information

ENERGY
C2NJ GKS Ot OdA GAz2zy 2F (KS SySNHe ol ftlyO0Ss GKS
CnI Mppy QQ Aa dzaiS prepared i Scc@darR&EtB Regulation MaC1899/2008 on

energy statistics.

a) Energy balanc022
The data for the whole ye&022 has been taken from the State Statistical Office (SSO).

In the preparation of the balance of network enel@jectricity 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.
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The datafor 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 Macedoniadivided between the eight statistical geons. The estimation procedures of SECH
data were performed by weighting the probabilities of a sample selection, with a certain adjustment
for nonresponse to the survey and calibrating the weight, according to population estimates from the
regional demgraphic distributions by sex and fiyear 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 neresponse rate in SECH 2014 is 6.5% andetusal 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
affectthe activity dad on biomass consumption for 2048d onwardswithin 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 ClassificaficActivities 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 dyossder traffic of
passengers and vehicles, are taken frora 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 seljovernment (municipalities). Regular crdgwder passenger traffic is performed
based orregular international travel documents for passengers and vehicles, without restriction on
final destination. Smalcale border traffic of passengers is perfornfieded orbilateral agreements

with neighboring countries, only in areas coveredhtmy agreements.

Industry

The State Statistical Office of the RepublidNafrith 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 distrilbed 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. fEherdthe
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 accordingttze 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 20@&0Amual
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 maiguxiliary,or supportingmanufacturing 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
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procedues of the 206 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 nosponse rate in the Livestlk Survey 208 was 5.3%. The
following table shows the calculated relative errors of the main categories of livestock in the survey
for 2016. For 2022 data are gathered from MAKSTAT database. There are no available data for
uncertainty since these data arm longer published.

Table19 Relative errors of livestock survey 2015

Relative errors Cattle Pigs Sheep Poultry Goats
Republic oNorth 53 6.1 102 77 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 businesssteafrom 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 thragh 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 IRepfitiNorth
Macedonia Data on the total amount of collected municipal waste, as well as data on the treatment
of collected municipal waste, have been obtairmsed orthe reports filled in by the reporting units.

On the basis of the obtained data andetldata on the number of populatiomstimationhas been
made of the total generated municipal waste on the territory of the Repubiooth MacedoniaThe
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 (ETR/EE) (see table
below), to indicate where emissions are not occurrinblarth Macedoniawhere emissions have not
been estimated or have been included elsewhere as suggest&BiR023

Table20 Notation keys used in the NFR

Abbreviation, Meaning Objective
not Is used for activities eachsource category which are believed not to result in significant emissions of ¢
applicable specific compound;
For activity data and/or emissions by sources of pollutants which have not been estimated but for \
corresponding activity may occwvithin a Party. Where NE is used in an inventory to report emissic
pollutants, the Party should indicate in the IR why such emissions have not been estimated. Furthe
not Party may c_o_nsider that a disproportiopat_e gmount_ of effort would be requtgecollect data_ for a pollutal
NE estimated from a specific category that would be insignificant in terms of the overall level and trend in national en
and in such cases use the notation key NE. The Party should provide in the IR justifications for tfeWE
notation keys, e.g., lack of robust data, lack of methodology, etc. Once emissions from a specific cate
been reported in a previous submission, emissions from this specific category should be reported in sul
inventory submissions;
For emissions by sources of pollutants estimated but included elsewhere in the inventory instead of ul
included expected source category. Where IE is used in an inventory, the Party should indicate, in the IIR, whi
elsewhere inventory theemissions for the displaced source category have been included, and the Party should
such a deviation from the inclusion under the expected category, especially if it is due to confidentiality

NA
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Abbreviation, Meaning Objective
(Confidential information), for emissions by sources of pollutants of which the reporting could lead

C confidential disclosure of confidential information. The source category where these emissions are included st
indicated,
NO not occurrin(For 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 shou
all years from 1990 onwards dfata are available. However, NR is introduced to ease the reporting
reporting of emissions is not strictly required by the different protocols, e.g., emissions for some Parti
to agreed base years.

NR not relevant

2.8.1. Sources
not estimated (NE)

Table2lb dzZY6 SNJ 2F ay 20 SaidAYlI (SR&é20®b90 LISNJ aSOG2NJ |y
Energy | Fugitives IPPU | Agriculture | Waste Other

NOXx 2 0 4 2 0 0
(as NO2) 2 0 2 1 0 0
NMVOC 2 0 5 0 0 0
SOx 2 0 4 2 5 0
(as SO2) 3 0 4 2 1 0
NH3 3 0 4 2 1 0
PM2.5 2 0 4 2 1 0
PM10 3 0 6 0 1 0
TSP 2 0 3 1 0 0
BC 3 0 5 0 1 0
(0{0] 3 0 5 0 1 0
Pb 3 0 5 0 1 0
Cd 3 0 4 0 1 0
Hg 3 0 3 0 1 0
As 3 0 4 0 1 0
Cr 3 0 5 0 1 0
Cu 3 0 5 0 0 0
Ni 3 0 4 0 0 0
Se 4 1 6 0 1 0
Zn 4 0 2 0 0 0
PCDD/ PCDF 4 0 7

(dioxins/ furans)

PAHs (Total-4) 4

HCB

PCBs 2 0 2 1

Not estimated categories are due to not available activity data in the country, mainly for historical
emissionssince statistical data are now more detail and nstmmarizedas previously. For some
categories theres no availabledefault EF to make thealculations.
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2.8.2. Sources
included elsewhere

(IE)
Table22b dzZY6 SNJ 2F GAy Of dZRSR Sf aSoKSHWBE o6L90 LISNI 4SO
Pollutant Energy Fugitives IPPU  Agriculture  Waste Other
NOx 0 0 3 3 0 0
(as NO2)
NMVOC 0 0 3 3 0 0
SOx 0 0 3 1 0 0
(as SO2)
NH3 0 0 3 1 0 0
PM2.5 0 0 3 1 0 0
PM10 0 0 3 1 0 0
TSP 0 0 3 1 0 0
BC 0 0 3 0 0 0
Cco 0 0 3 0 0 0
Pb 0 0 3 0 0 0
Cd 0 0 3 0 0 0
Hg 0 0 3 0 0 0
As 0 0 3 0 0 0
Cr 0 0 3 0 0 0
Cu 0 0 3 0 0 0
Ni 0 0 3 0 0 0
Se 0 0 3 0 0 0
Zn 0 0 3 0 0 0
PCDD/ PCDF 0 0 3 0 0 0
(dioxins/ furans)
PAHSs (Total-4) 0 0 3 0 0 0
HCB
PCBs

The notation key¢ Ay @ESIARKSSINS ¢ 0 L90 A& dzaSR Ay (GK2a$S &2 dzNK
are not available in the required details in the statistical yearbooks but have beededcin other

source categories. Fexample,in case of category 1.A.5there are available datfor the last three

years while emissions from the previous years araed aslE. For category 1.A.4.aii, there are
availabledata for the period 2002022 while for the previousyears emissions arenoted aslE.
AbbreviationlE is usedh cases where there islack d activity data.

Theother notationkeys used in the reporting are NA and NO. Use of the NA is due to missing EF in the
EMEP Guidebook, while NO is used for proceses mostly in the industry sector which are not occurring
in the country. Most of procesis like Nitric acid, ammonia, pulp prddogctcremation, municipal

waste inceleration are not ocuuring. Some activities started later in the reporting period like clinical
waste inceneration in 2000, or some stoped like production of ailtoer metaland glass prodution

The number of used Né&nd NA notation keys are given in the following table.
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Table23b dzY o SNJ 2 F

Pollutant

NOx
(as NO2)
NMVOC

SOx
(as SO2)
NH3

PM2.5
PM10
TSP
BC
CcO
Pb
Cd
Hg
As

Cr

Cu

Ni

Se

Zn

PCDD/ PCDF
(dioxins/
furans)

PAHs (Total 1
4)

HCB

PCBs

Energy

3

2

B w o wNn w ek koo

© W b~ W W W o

Fugitives

3

W W W W W W NN N W W W wWwDNdDDNdDDNDDDN

ab2d

I @1 € Al 6t S€208b! 0

IPPU
20

11
19

22
10
10
8
15
20
18
17
18
18
20
20
19
20
20
17

19

19
17

Agriculture

6

16

16
16

Waste
8

N © © 0 N NN O ~N~N~N~NOo NN oW

Table24b dzY 6 S N2 @ T2 @ ONINEnysettdr ardd pollutant in 202

Pollutant

NOx
(as NO2)
NMVOC

SOx
(as SO2)
NH3

PM2.5
PM10
TSP
BC
co
Pb

Cd

Hg
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As 3 6 16 4 5 1
Cr 3 6 16 4 5 1
Cu 3 6 16 4 5 1
Ni 3 6 16 4 5 1
Se 3 6 16 4 5 1
Zn 3 6 16 4 5 1
PCDD/ PCDF 3 5 16 4 5 1
(dioxins/

furans)

PAHs 3 6 17 10 6 1
HCB 3 6 17 10 6 1
PCBs 3 6 17 10 6 1
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3. EXPBANATION OF KEY 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, NMVQ@n&®™H) and CO,
which arecovered by the Gothenburg Protocol, from 192022 are presented in the following table.

Table25 Emission trends 199 2022 for the main air pollutants and CO

Emission in kt

Year
NOx NMVOC SQ NH; CO

1990 45.66 4842 11215 14.78 13311
1991 37.80 4239 9121 1394 11221
1992 39.63 4427 88.39 13.97 124.04
1993 4110 4717 90.90 14.19 13388
1994 36.92 40.96 90.18 1417 12142
1995 3947 4526 96.54 13.96 12578
1996 38.72 4372 90.42 1291 12374
1997 38.05 45,03 94.76 1251 126.99
1998 4332 4493 10929 12.24 12923
1999 40.58 4577 99.24 12.36 13236
2000 4392 47.46 10618 12.25 14504
2001 40.90 41.05 10823 11.73 11429
2002 40.95 38.07 96.14 11.13 11610
2003 3596 38.04 94.76 1101 11693
2004 37.20 38.36 95.63 11.08 12171
2005 3507 27.32 94.78 10.61 75.16
2006 34.96 2859 93.13 10.88 70.90
2007 38.04 2934 98.48 10.72 71.90
2008 3397 2917 76.83 10.65 67.23
2009 3491 27.27 10305 9.87 63.37
2010 36.38 2856 85.63 10.06 6251
2011 3874 29.20 10339 10.38 64.17
2012 36.58 29.34 91.30 9.56 66.75
2013 29.02 2893 82.03 9.55 64.36
2014 26.39 2870 8269 9.61 6215
2015 21.67 2820 75.00 9.57 60.19
2016 24.79 27.87 63.27 9.72 6323
2017 2347 2842 54.72 9.66 5558
2018 2271 27.72 59.80 9.18 5513
2019 23.27 2741 11542 7.96 55.89
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2020 20.15 26.18 9343 8.13 5134

2021 2107 25.85 88.59 7.60 52.78
2022 22.70 26.11 90.57 7.31 49.88
Trend 19960022 -50% -46% -19% 51% -63%
3.1.1. NOx
emissions

Emission trend

In 1990national total NOx emissions amountedamund46 kt. Sncethen, the emissions decreased
by 50% In 2022 emissions were on the level of abo2®.69 kt. The trend is variable but with minor
pics and deeps until 202The sharp fall of emissions betwe@012 and2015is ownedto the lower
consumption of coal in the majgrower plans and the modernization of boilerén the power plant
REK Bitolaln the peiod 2016¢2018 the emissions arestable Comparedo 2022, emissions 2021
are higherfor 8%due tohigher emissions in Transpothdustry and Agriculture sector

Total NOx emission$990-2022
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Figure6 National total NOx emissions 1999022
The target value for NOx accordingth® Gothenburg Protocol for the year 2010 is 39 kt. Republic of
North Macedoniawvhich is party to the UNECE Gotherdpprotocol since 2014egularlymeets that
target value andtarting from this year the emissions trendsisible The country ialsoin compliance
with the Protocol in controlling the nitrogen oxides or their trdssundary fluxesmeaning that NOx
emissions 2022 are less than the NOx emissions reported for98ith regards to LCPs, according
to the NERRprepared underEnergy communityagreement the emissions from LCPs were below
national emission ceiling f&022, which is9.838Gg.

Main emission sources iNorth Macedonia

Almost all NOx emissions ateming from the sector Energilamely the main emission sources in
2022 are NFR source categorielsA.3 Transportl.A.1 Energy Industrieend 1.A.2Manufacturing
Industries and Constructiowhich contributed withd42% @1% in 1990)28% 63% in 1990and 21%
(20% in 1990jespectivelyof the national total NOx emissioriSue tothe increase othe number of
vehiclesduring the reporting period anthe lower consumption of coakawell aheavy fuel oitluring
the reporting period the primary source of emissions RD22 is found to betransportation, as
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opposed t01990 whenthe energy sectoand heat productiorwere thelargest souce of emissions
TheContributionof NFR source category 1.A&Rlanufacturirg Industriess 21% andhas not changed
significantly in comparison to the valua 1990 of 20%NFR sectord.A.4 Other sectorsand
3.Agriculture contribute with 6% and2% respectively whilel.B Fugitive emission? Industrial
Processes anblroduct Useand 5 Waste are minor sources of NOx emissions.

NO, emissions in Macedonia 1990 - 2022 by sectors
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Figure7 NOx emissions ilNorth Macedonial990-2022 by sectors

3.1.2. NMVOC
emissions

Emission trend

In 199Q the total national NMVOC emissions amounted to abd8tkt. Compared t02022, the
emissionsare down by46% amouning to around26 kt. Calculated emissions R022 comparedto
2021 emissionsncreasednly by 1.
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Figure8 National total NMVOC emissions 19D22

Target value for NMVOC according to Gothenburg Protocol for year 2010 is 30 kt NVIMOC.
emissions in2022 are below the target valudy 13% The country is also in compliance with the
Protocol on the control ofolatile organic compounds or theffransboundaryfluxes since 1988
NMVOC emissior@8 kt) in 2022 inamount of 2611 ktare reduced byt4%compared to 198.

Main emission sources iNorth Macedonia

NMVOC emissions are emitted from differasources. The key category sourcedi22 are NFR source
categoriesis 2 Industrial pollution, contributing with 36% @4% in 1990)ollowed by 1.A.4 Other
Sectors (mainly residential heatirg)d 1B (fugitive emissionsyhich contributed with21% @2%and
9% in 199Q respectivly, to the national total NMVOC emissions. Agricultisecontributing with
around 13% while fugitive emissionsare impacting the NMVOC emission wahound 13% NFR
source category 1.A.3 Transp@nd 1.A.2contributed with5% and 2%of total calculated national
NMVOC emissionsepectevly

NFR categoriet.A.1.a1.A.1.b and 1.A.5.b are minor sources of NMVOC emissions.

NMVOC emissions in Macedonia 1990 - 2022 by sectors
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Figure9 NMVOC emissions iNorth Macedonial9902022 by sectors

3.1.3. SO
emissions

Emission trend

In 199Q the national total S@emissions amounted t@12kt. In the period 201¢2016 there was a
decrease of emissions due to tldecrease of coal consumption afmver capacity of work of the
secondlargest by capacity power plant REK Oslomej (from 12 to 5 monjlajributed to limited
amountsof coal In 2019 there is a sharp increase dueirioreased use ofoal with higher sulfur
content and higheproduction of electricity compaigto 2018.But in 2020 the emissions are again
decrease due to lower consumption of coal and heavy furis not on the level 02018.Compared
to 2021, the emissionsn 2022 are increasedby 2% and compare to 199@missons decreased by
1%
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Total SQ emissions19902022
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Figure10 National total SQ emissions 1992022

North Macedonids a party to the three protocolsinder LRTAP conventiozgncerning sulfur. The
emissions of sulfur dioxida 2022are belowthe base year 1990 emissions and the respective ceiling
in 201Q which reflectscompliancewith the 1994 Protocol on further reduction on sulfur atice
Gothenburg protocol.

The countnyisstill in noncompliance with the 1985 Protocol on reduction of sulfur emissiorheir
trans-boundarytransmission by at least 30 percebecause themissionsave not been reduced by
the designated percentagbetweennow and 1980 Becausethe 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 communyt the compliance with SOx emission limit valuegich will also mean
compliance with the protocgkhould be reached with implementation afdesulfurization unitthat
should be implemented in accordance with the time dynamics set irré¢hissedNationd Plan for
reduction of emissions from large combustion plants approved by the Governmaptilr017 With
regards to LCPs, the emissions2i02 were not below national emission ceilirgf 15.855 Gg,
indicating that compliance with the set limit values was not reaclhed022 SOx emissionsavenot
reached valuedelow the emissionceilingdefined in the NERBincedesulfurization unit is still not
implemented in themajor power plant.

Main emissionsources ilNorth Macedonia

Almost all S@emissions are resulting from Energy sect@onsequentlythe main emission source in
2022 is as expected NFR source category 1.A.1 Energy Industries (Public electricity and heat
production) which contributed with92%in 1990,and with 96% in 2022 of the national total S@
emissions. Aboub%in 1990and 3%in 2022 of the total emissions are stemming from NFR source
category 1.A.2 Manufacturing Industries.

Page 81 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



OtherNFR sectorproduceminor SQ emissions.

SO, emissions in Macedonia 1990 - 2022 by sectors
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Figurell SQ emissions irNorth Macedonial990;2022 by sectors

Emission trend

3.1.4.
emissions

NHs

In 1990 national total Nfemissionsamounted toabout 14.7 kt. In 2022, the eamissionswere down

by 51% compared tdl990 amountingto 7.3 kt (note:€ L y

G§KS wSLE2NIAYS3

ammonia igeported as8.3 kt due to omitted numbet1 inthe calculation excel sheet for tHeA.4
Ol ( S 3 Mad asons for the decline are decreasing emissions from Agriculture (Manure
Management) related to decreasing livestock numbers. FEOR1 to 2022 emissionsdecreasedby

4%
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Figurel2 National total NH; emissions 1992022
Emissios of NH are well below the respective ceiling. Emission80& were below national ceiling

value (12 Gg Ngifor 2010
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Main emission sources iNorth Macedonia

NH: emissions are mainly resulting from thgriculturesector contributing witf96% ©8% in 1990) to
national total NH emissions. Within Agriculture sectd\H; is almost exclusively emitted by source
category 3.B Manure Managemer3% in2022) and emissions from catti8%). NFR sectofisA4
Other sectos 1.B Fugitive emission$.A.3 Transporand?2. Industrial processesre minor sources of
NH: emissions.

NH; emissions in Macedonia 1990 - 2022 by sectors
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Figurel3 NH; emissions inNorth Macedonial990-2022 by sectors

3.1.5. CO
emissions

Emission trend

In 1990 the nationalotal CO emissions amounted to 3.31kt. The decredng trendstarted in 2000
and could beattributed to lowersolidfuel consumption in 1.A.4 sectdout the trend is not stabldn
2022, the amissionsamounted at50 kt and decreased by63%. From2021 to 2022 emissionsare
increased byp%due to increased emissions in sector Industrial processes

Total CO emissions990-2022
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Figureld National total CO emissions 199022

Main emission sources iNorth Macedonia

Almost all CO emissions are resulting from the Energy seks$os. Resulthe main emission sources
in 202 are NFR sectors 1.A.4 Other Sectors (residential heating) and 1.A.3 Traosptibuting
with 67% (51% in 1990) ant% (39% in 1990bllowing by 1.A.2 Manufacturing Industrie® the
national totalwith 8% &% in 1990) Further smaller emission sources2d2? are 5 Waste and 1.A
Energy Industries with shar&% andd% respectively.

NFR sectors 1.B Fugitive emissj@isdustrial Processes and Product Use BA8.0ther sources are
considered asninor sources of CO emissions.

CO emissions in Macedonia 1990 - 2022 by sectors
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Figure1l5CO emissions iNorth Macedonial990-2022 by sectors

3.2. Emission Trends for Particulate Matter

Particulate Matter emissions iNorth Macedoniamainly originate from energy industrigesidential
heating,and industrial processes. Emission trends and the main sources are described in more detail
for PM1Q PM2.5 and TSP in the following sections.

Talde 26 Emission trends for particulate matter 1990022

Emissions
Year
PM2.5 [kt] PM10 [kt] TSP [ki] BC [kt]

1990 3261 4801 60.99 3.03
1991 2856 4210 5324 2.64
1992 3491 50.44 6245 331
1993 3125 44.80 5581 293
1994 2921 4238 5325 2.67
1995 2949 43.00 54.23 2.70
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Emissions

Year
PM2.5 [kt] PM10 [kt] TSP [ki] BC [kt]
1996 3242 4743 60.00 3.02
1997 31.50 46.05 57.87 2.87
1998 3591 5256 66.18 3.30
1999 3111 45.07 56.88 2.83
2000 29.99 4351 57.12 2.73
2001 18.55 2801 37.08 147
2002 19.07 2842 37.02 1.63
2003 29.34 42.29 5314 2.60
2004 3172 4578 57.56 2.87
2005 24.06 37.22 4859 243
2006 21.67 3382 4418 2.16
2007 17.39 27.63 36.63 1.76
2008 1811 2826 3751 1.86
2009 1281 2217 31.86 1.24
2010 15.86 28.16 35.29 1.65
2011 2171 35.33 47.62 215
2012 2141 34.28 46.23 219
2013 23.73 37.06 50.31 244
2014 17.05 26.64 37.17 1.76
2015 14.71 2216 27.78 147
2016 12.98 19.58 24.69 141
2017 8.94 14.14 18.39 1.02
2018 8.62 14.40 1751 0.98
2019 8.94 13.88 17.87 1.03
2020 8.84 13.68 17.59 101
2021 8.79 1347 17.55 1.04
2022 841 1354 17.93 0.97
Trend 199Q2022 -14% -12% -71% -68%

3.2.1. PM10
emissions

Emission trend

In 199Q national total PM10 emissions amounted to 48%ince then, the missionsare continuously
decreasing, reaching lavel of 13.5&t in 2022 or a decreaseof 72% compared td990 The main
reason for the decreass decliningemissions from Industrial Processes (Ferroalloys Producbanh)
also decreased use of solid fusiace2013 Namely the deep presented in the period 262002 is
due to limited operation oFerroalloysproduction industryTheFerroalloys production has decreased
because of limited capacity of amstallation producing ferrosilicoietween theend of 2014 and
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during 2015 This installation did not fulfill the obligatioregulatedin the IPPC license for installation

of afilter for reduction of dust emission#dditionally, this installation has been closed in November
2016 due to norcompliancewith the activties for air quality protection set down in the IPPC permit
referringto installation of dust filterAfter 2017 there is steady trend with minor decreageto 2021.

In 2022 there is only minor increase of 0.5%.
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Figurel6 National total PM10 emissions 1999022

Main emission sources iNorth Macedonia

The main emission sources for PM1®2B22 are NFR sectors 1.A.4 Other Sectors (resideatidl
administrative heating) with a share of48% (25% in 1990) in total PM10 emissioddndustrial
Processes and Product Use (mainig2 Ferroalloys Production) witB% (8% in 1990) and .A.1
Energy Industries witl21% (18% in 1990). With a share % in2022 (6% in 1990) the sector
Agriculture is also contributing to the total PM10 emissioisa result, aonclusion can be drawn
that while in the pastthe major source for PM10 was the industry sector, maiigroalloys
production,in the latest yearshat the major contributor iscombustion of fuels in residential sector
and administrative capacitie NFR 1A4 Other Sector.Transport sectoras well as 1.A.2
manufactoringindustries and construction areontributing with 4% in PM10 on nationdkevel
However, the transporsectorhashigher impact on local emissioasd air quality according to PMF
analysis

NFR sectors 1B Fugitive emissions and 5 Waste are minor sotiRlgd.0 emissions.
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PM10 emissions in Macedonia 1990 - 2022 by sectors
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Figurel7 PM10 emissions itNorth Macedonial9902022 by sectors

3.2.2. PM2.5
emissions

Emission trend

In 199Q national total PM2.5 emissions amounted38kt. In 202, compared to 1990 themissions
decreased by 4% amounting to 8.4 kt. The main reason for the decrease is a decline of emissions
from Industrial Processes (Ferroalloys Productamwvell as from combustion of solid fuels fromA.4

due to increasd use of clean fuelsompared to solid fuels, like coal and bioma$r 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 Productj@imcein those years the company for production ofrfesilicon

was operating with limited operating hourghe ferroalloys production has decreadsztause othe
limited capacity othe installation producing ferrosilicofiom the end 0f2014 and during 201%s

this installation did not fulfill the obligéon regulatedin the IPPC license for installation of filter for
reduction of dust emission&dditionally, this installation has been closed in November 2016 due to
non-compliancewith the activities for air quality protection set down in the IPPC pereférringto
installation of dust filter. Throughut the years emissions from solid fuel combustioas well
decreased affecting lower national emissions from particuladdéer 2017 there is steady trend with
minor decrease up tthe last reporting yearln 2022 there islecrease oemissions up to %.
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Figurel8 National total PM2.5 emissions 1992022

Main emission sources iNorth Macedonia

Like PM1Q the main emission sources for PM2.5 2022 are NFR sectors 1.A.4 Other Sectors
(residential heating) with a share @1% (36% in 1990) in total P\Vb emissionsThe NFR category
1.A.1 Energy Industries with4% (11% in 1990) artitie contribution ofthe NFR sector2 Industrial
Processes and Product Use (mainly 2.C.2 Ferroalloys Produsti@ry low contributing only with

2% (®%in 1990).Manufacturing industry an@@onstructions 1.A.2 are contributing wit?o in2022
while in 1990 the contribution was only 3%ransport is contributing with% and Agriculture with
1.8%. Comparé to PM1Q the contribution of 1.A.4and Energy industriess higherwhile the
contribution from 1.A.1 Energy industries ardanufacturing industry and Constructions 1.As2
lower. NFR sectors 1B Fugitive emissém 5 Waste are minor sources of PM2.5 emissions.
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PM2.5 emissions in Macedonia 1990 - 2022 by sectors
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Figurel9PM2.5 emissions itNorth Macedonial9902022 by sectors

3.2.3. TSP
emissions

Emission trend

In 199Q the national total TSP emissions amounted to ab6likt. In 2022, the emissions decreased
by 71% compared td990amountngto about18 kt. The main reason for the decrease is a decline of
emissions from Industrial Presses (Fermlloys Production), but also thdecline ofemissions coming
from the 1.A.4 categorgue to reduced use of solid fuels. 2022, the emissions are increased by 2%
compared to 2021 emissions.

The reasons for decreasing trend in the last three yearsespond to the reasonsxplained in the
subchapter for PM10Vith regards to LCPs, according to the N&RjAed with theErergyCommunity
Treaty, the emissionsn 2022, exceee@dthe national emissiorcellingfor TSRvith a valueof 1.738 Gg
and thusnot reachng compliance with this ceiling accordingly.

Total TSP emissiori®902022
70

D
o

W N A
VAN
ARV

o
o

S
o

TSP emissions [kt

w
o

|

=
o

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Page 89 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



Figure20 National total TSP emissions 192022

Main emission sources iNorth Macedonia

The main emission sources for TSEPOR are 1.A.4 Other Sectors (residential heating) wat%o (2%

in 1990) and 1.A.1 Energy Industries wa#% 1% in 1990)NFR sectors 2 Industrial Processes and
Other Product Use (mainly NFR sector 2C2 Ferroalloys Production) with a shé¥e @% in 1990)

in total TSP emissionghus, i can be concludedhat in the pastthe major source for TSP national
emissions was the industry sector, maiféyroalloysproduction, while in the latest yeathe major
sourceis aconsequence ahe combustiorof fuels in residential sector and administrative capacities
¢ NFR 1.A.4Agriculture is contributing witli5%, the category 1A.2 is contributing with3%, and
Transport with4%,while other categories are minor sources of this pollutant.

TSP emissions in Macedonia 1990 - 2022 by sectors
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Figure21 TSP emissions iNorth Macedonial990-2022 by sectors

3.2.4. BC
emissions

Emission trend

In 199Q national total BC emissions amounted to about 3kR022, the anissions decreased B3%
compared ta1990, amountingo aboutl kt. The main reason for the decreasa@ecline of emissions
of PM2.5. The trend has similar pathway as that ond”ld2.5due the fact that for BC emissions are
calculated as given contribution in PM2.5 expressed iRWaherexplanation @ the trend & given in
PM2.5 chapter.
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Figure22 National total BC emissions 199%1022

Main emission sources iNorth Macedonia

As expeted, the main emission sources for BC are those for PM2.30R the NFR sectors.A4
Other Sectors (residential heating) contribdteith a share 065% (40% in 1990) in totBICemissions
Transport is contributing with7%, whilel.A.2Manufacturingindustry and constructionsontributed
with 13% Q% in 1990)f the total BC emissionsvhereas?2 Industrial Processes and Product Use
(mainly 2C2 Ferroalloys Productiogpntributedwith around0.4% 60% in 1990), while Waste sector
contributed with2% in2022 and 1% in 1990.

NFR sector$.A.1 Energy industriemnd 1.B Fugitive emissiorgse minor sources of PM2.5 emissions.

BC emissions in Macedonia 1990 - 2022 by sectors
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Figure23 BC emissions iNorth Macedonial990-2022 by sectors

Republic of North Macedonia INFORMATIVE INVENTORY REPORT




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.

Table27 Emission trends for heavy metals 192022

Emissions
Year
Cd [Mdg] Hg [Mg] Pb [Md]

1990 0.67 161 23253
1991 0.62 151 196.71
1992 0.57 1.46 22759
1993 0.54 1.06 21278
1994 0.46 1.02 20378
1995 0.48 211 22228
1996 0.54 232 22966
1997 0.57 1.15 244,69
1998 0.63 1.39 25996
1999 0.57 1.07 20831
2000 0.59 0.93 19549
2001 0.62 0.82 17239
2002 0.65 0.81 17079
2003 0.49 0.60 13199
2004 0.48 0.54 45.69
2005 0.36 0.28 6.45
2006 0.37 0.26 7.01
2007 0.40 0.26 7.50
2008 0.38 0.26 6.43
2009 0.33 0.25 5.72
2010 0.34 0.25 5.97
2011 0.38 0.26 6.49
2012 0.36 0.27 5.38
2013 0.31 0.24 4.23
2014 0.31 0.24 4.72
2015 0.30 0.24 4.45
2016 0.27 0.24 2.77
2017 0.26 0.22 2.62
2018 0.23 0.22 271
2019 0.26 0.24 23253
2020 0.20 0.22 19671
2021 0.21 0.23 22759
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Emissions

Year
Cd [Mg] Hg [Mg] Pb [Mg]
2022 0.19 0.23 21278
Trend 199@2022 -86% -71% -99%

Republic oNorth Macedonian 2022 did not exceed emission levels set in HM Protocol. Emissions are
muchbelow the values from the reference year 1990.

3.3.1. Lead (Pb)
emissions

Emission trend

National total Pb emissions amounted282t in 1990; emissions have decreased steadityl in202
emissions were dowito 2.22 t. The most important reductionsoald be observed in sectors 1.3.
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 prodian. From 2004 the content of Pb in the gasoline decreased from
0.0006 kg/l to 000015 kg/l. Alspin 2003 the P2y & Y St ( S dlVeles/stofpédcRtidiiead
production and zinc. From 2006 Morth Macedoniapassenger cars can use only unleaded gasoli

fuels which additionally reduced the Pb emissions.
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Figure24 National total Pb emissions 1992022

Main emission sources iNorth Macedonia

The most important emission sources of PR122 are NFR sectorsAEnergy with shares in national
total emissions 021% from 1.A.2n share ofl7 % othersectorsl.A4 in share oR27%, and industrial
processin share of18%. In 1990 thesituation was different The key factor contributing to the
emissionswas the industry with 59% andise of leaded petrol in transport sector which led to
contribution of NFR 1.A.3 wit38% In 2022 the share of transport sector in lead emissins is Ba#
then, the energy sectormeaning 1.A.11.A.2 and 1.A.4vere minor sourcesWithin NFR sector 2
Industrial Processes and Product Uslk Pb emissions result from 2.C Metal Production (2.C.1 Iron
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and Steel Production) with a share5#6 in 1990 and8% in2022. The declied values ara result
of the elimination of the use déaded petrol in 2004. The reduction @¥% compard to 1990is due
to the elimination of the use of leaded petrahd reduction of lead emissions from lead production
However sinceEF used for calculation of Pb emissions up to 2004 are not documéineee is a high
uncertainty of estimation of lead emissions InA.3 transportand these emissions should be
recalculated with the use of COPERTodel. The contribution ofPb emissionsoming from3
Agriculturesectoris 3% while the sectors.B Fugitive Emissions and 5 Waste are minor sounces
emissions of this pollutant

Pb emissions in Macedonia 1990 - 2022 by sectors

300 5 WASTE

=3 AGRICULTURE

250
=2 INDUSTRIAL PROCESSES

200 = 1B FUGITIVE EMISSIONS FROM FUELS

Pb emissions [t]

®1AS Other

150 1A4 Other Sectors

1A3 Transport

100

= 1A2 Manufacturing Industries and Construction

50 H11H1H1H1H =1A1 Energy Industries

Figure25Pb emissions itNorth Macedonial990-2022 by sectors

3.3.2. Cadmium
(Cd) emissions

Emission trend

National total Cd emissions amountedldt in 1990; emissions have decreasgdadily,and, in the
year,2022 emissions were estimated to be23 t, which means they were down [86% compared to

1990. The most important reductions could be observed in sector 2 Industrial Processes and Other
Product Use (Metal Productionas Zinc Production was stopped in 2003. Betw2e2l and 2022,
cadmiumemissionslecresedby 15%due tolower emissions in theomnustion proceses in industry.
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Figure26 National total Cd emissions 1992022

Main emission sources iNorth Macedonia

The most important emission source 2022 of Cd isn the national total emissionis NFR sector 1
Energyis contributing with the following NFR categoriésA.4 Other SectsrEnergy wit7% (3%

in 1990),following byl.A.1 Energy Industriewith a share oR27% {% in 1990)and NFR category 2
Industrial Processes and Product use contributing 4% (9% in 1990). The 1.A.2 Manufacturing

Industries is contributing witfi% (1%), whil& Waste sector is contributing with.%.

Cd emissions from NFR sectors 1.B Fugitive Emissioi3sAgricultureandare minor sources.

Cd emissions in Macedonia 1990 - 2022 by sectors
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Figure27 Cdemissions ilNorth Macedonial990-2022 by sectors

3.3.3. Mercury
(Hg) emissions
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National total Hg emissions amounted t@®Dt in 1990; emissions have decreased steadily and in the
year 2022 emissions (A9t) were down by71% comparal 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 2003lso, fugitive emissions have been reduced
significantly. Betweer2021 and 2022 total Hg emissionsdecreasedoy 8% due to lower emissions
coming from 1A2 Manufacturing Industries and construction
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Figure28 National total Hg emissios 19962022

Main emission sources iNorth Macedonia

The most important emission source2@22 of Hg is NFR sector Energy. Within the Energy sector
the main contributors irR022 are 1.A.1 Energy Industries with a shard@¥ 6% in 1990) and 1.A.
Manufacturing Industries and Constructiaith 27% 9% in 1990bf the national total emissions. NFR
category 2 Industrial Processes and Product use ioaksof the keysourceswith 20% (8%in 1990

of the national total mercury emissions. 2022, also2.5% of total mercury emissions are stemming
from sector 5 Wastawhile this sector Bsminor contribution in 1990and3%Hg emissionare coming
from NFR sector$.A4 - Othersectorsand 2% from TransparNFR sectork.B Fugitive Emissions and
3 Agriculture are minor sourcestine whole trend period.
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Hg emissions in Macedonia 1990 - 2022 by sectors
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Figure29 Hgemissions irlNorth Macedonial9902022 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.

Table28 Emission trends for POPs 192022

Emissions
Year
HCB [kg] PC[;[E)/S[? ¢! PAHS [{] PCB [kg]

1990 44.29 19.81 7.17 38118
1991 39.22 17.62 6.38 38273
1992 25.83 17.70 6.79 38295
1993 24.18 17.29 7.24 369.80
1994 25.04 15.87 6.68 34060
1995 18.63 1891 6.78 35578
1996 19.70 1873 6.28 384.21
1997 27.89 16.00 6.52 396.25
1998 29.34 17.60 7.19 40301
1999 53.97 17.18 7.20 366.49
2000 38.32 2393 8.17 34285
2001 34.15 2540 6.57 33237
2002 52.68 27.01 6.59 33010
2003 42.98 2801 7.25 28740
2004 8.52 30.63 731 24053
2005 7.54 26.87 4.84 207.01
2006 11.67 25.20 4.95 207.78
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Emissions

Year
HCB [kg] chggg] ¢l PAHS [ PCB [kg]
2007 8.87 26.56 514 20858
2008 7.74 25.87 4.82 20828
2009 8.28 27.34 4.16 20807
2010 9.58 2955 4.47 20885
2011 10.50 35.77 4.68 20921
2012 9.47 38.99 5.13 209.19
2013 6.35 4011 4.87 20902
2014 4.19 39.99 4.69 20948
2015 0.96 4952 475 21633
2016 0.77 5112 4.69 22078
2017 2.06 5153 3.99 22869
2018 1.53 8.96 394 23692
2019 4.43 9.49 4.26 23814
2020 0.16 8.76 391 236.77
2021 0.16 9.43 4.15 23829
2022 0.15 8.50 3.61 24231
Trend1990:2022 -100% -57% -50% -36%

From the figures presented in the previous taldeconclusion can be drawthat Republic oNorth
Macedoniain 2021 did not exceedd the emisson levels set in POPs Protadal the case of HCB, the
emissions are muclower thanthe values from the reference year 1990.

3.4.1. PAH4
emissions

Emission trend

National total PAH! emissiongn 1990amounted to7.16t. Since then, themissions have been quite
stable and in the yea2022 emissions wereat levelof 3.61t, reflecting a reduction 060%. The most
important reductions could be observed in the sector for residential heating. Bet@@zhand2022,

total PAH4 emissionslecreased byl3% because ofncreased emissions from residential heating

the NFR1.A.4- Othersectors Data from 2005 have been revised in MAKSTAT database which is one
of thereasondor the sharp drop down.
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Figure30 National total PAHK emissions 199022

Main emission sources iNorth Macedonia

The most important emission sourceZ@22 of PAHis NFR sector-IEnergy. Within the Energy sector
the main contributor iR022 is 1.A.4 Other Sectors (residential heatjngjh a share o#76%, while in
1990Q this sectorcontributed with 79%. Furthermore 1.A.2 Manufacturing Industries is contributing
with a share af4% (2% in 1990pf the national total emissiondVaste sector is contributing witsfo
in 2022and 3. Agriculturewith 4% in totalPAHs emissionsNFR sectors.A.1 Energy indusgsand 2

- Industrial Processes and Product use mieor sources.

PAH emissions [t]

PAHs emissions in Macedonia 1990 - 2022 by sectors
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Figure31 PAH4 emissions ilNorth Macedonial990-2022 by sectors

3.4.2. Dioxin and
Furan emissions
(PCDDI/F)

Emission trend
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National total dioxin/furan emissions amounted 18.8 g-I-TEQ in 1990emissions have decreased
then and in the yeaP022 emissions were dowto around8.5 g-I-TEQdecreaing by 57%compared

to 1990.

The emissions have increasedntiniusly since 2000 de to establishment ofmedical waste
incineration. Emissions haween increasing until 2018, when dust filter has been established in the
medical waste incineration planBetween2021 and 2022 total dioxin/furan emissionsre slightly

decreasedoy 10%
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Figure32 National total PCDD/F emissions 192022

Main emission sources iNorth Macedonia

The most important emission source 2022 of PCDD/F is NFR sector Energy. Within the Energy
sector the main contributor iR022 is 1.A.4 Other Sectors (mainly residential heatingth a share of

65% in 199@Gndwith share B%in 2022. Furthermore 1.A.2 Manufacturing Industries is contrilrugi

with a share 06% 6% in 1990) in the national total emissions. NFR category 2 Industrial Processes
and Product use (Metal Production) is atsmntributing with 9% @7%in 1990 of the national total
PCDD/F emissionis the period 2002017, Waste has been one of the keytsesas well

Republic of North Macedonia INFORMATIVE INVENTORY REPORT

Page 100



Dioxin/furan emissions in Macedonia 1990 - 2022 by sectors
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Figure33 Dioxin/furan emissions iNorth Macedonial9902022 by sectors

3.4.3. Hexachlor
obenzene (HCB)
emissions

Emission trend

National total HCB emissions amounted to 44 kg in 1990; emissions have decreased steadily since then
and in the year2022 emissions were down b§% compare to 2021lamounting t00.15 kg. The
emission peaks in 1999 and 2002 are due to higher activitiescohslary aluminum production. The
significant emission reduction between 2003 and 2064lso caused by the aluminum production.
From then onwards the emission level remained quiterer but still with mild fluctuations which
depend on aluminum productio The most important reductions could be observedha sector 2
Industrial Processes and Other Product Use (Aluminum Producba).to higher activity data in
aluminiumproduction the emissions are higher in 20d@mparedto 2018.But since2020sincethe
emissionsare sharply decreased dueto the fact that the only installationalaminum production
went bankruptcysono activity data wereeported,and no emissions we calculated in this sector.
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Figure34 National total HCB emissions 19&D22

Main emission sources iNorth Macedonia

During theperiod 19962022 the keyemission sourcéor HCBivasNFR sector 2 Industrial Processes
and Product Use. With a sharearbund100% in 1990f the national total emissions almost all HCB

is emitted from this source and therefore dominating the trend. Within the category emissions are
exclusively emitted fronNFR sector 2.C.3 Aluminum Productiblowever due to bankruptcythe

main contribution to the HCB emissionis 2020the most emissions i2022as in the previous two
year most emissionare comingfrom 5 Wastesecotrin amount of70% 1.A.4 Other sectoris the
second key source @022 contributing with27%and 1.A.2Manufacturing Industriegs minor source

contributing with3%

HCB emissions in Macedonia 1990 - 2022 by sectors
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Figure35HCB emissions iNorth Macedonial990-2022 by sectors

3.4.4. Polychlorin
ated biphenyl (PCB)
Emissions

Emission trend

National total PCB emissions amounte®8g in 1990; emissions have decreased since then and in
the year2022 emissions were down 86%, accountingo 242 kg. The trend emissions anot stable

due to fluctuations in metal productionLead and Zink productiofhis trend becomes stable in 2005
until 2014. In the last four years the emissiorae continiuslyincreaseddue to use of Tier 2
methodology in ZC sectoiand increased emigsis from lead production
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Figure36 National total PCB emissions 192022

Main emission sources iNorth Macedonia

The most important emission source2022 of PCB is NFR sector 2 Industrial Processes and Product
Use.Within this sectoythe main contributor is 2.C.5 Lead Productianth a share ofaround 99%
(around 100% in 1990pbf the national total PCB emissiorihe main recalculations for this pollutant

are emissions coming from NFEK2 Consumption of POPs atmtavy metals€.g., electrical,and
scientific equipment), where population is taken as activity degat was recommended by Stage 3
review carried out in 2020PCB emissions from other NFR sectors are therefore minor. The additional
key source in thaineties was the smelter company in Veles that has stopped production in 20663
mainly this is influencing the trend, decrease starting in 2002 until 2005 and rather stable trend until
2014. There is small increasing trend in the last several year®duereased lead production as well

as due to use of Tier 2 methodology in 2C seatat calculation of PCB emissions from road transport
with Tier 2 methodology for the period 202022.
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PCB emissions in Macedonia 1990 - 2022 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 thajor air pollutants air

emissions in the Republic of North Macedonia. Emissions from this sector arise from fuel combustion
(NFR sector 1. Aand fugitive emissions from fuels (NFR sector 1. B). Following the recommendation

of the previous stage 3 revieiw 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 hasdéen changk

GKS G2 aL9¢ &aAy0OS (G(KS SyAraairzya

T NBed urideC WFRm @ !

OH P

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 presgimiahe following tables:

Table29 NFR categories included in Energy sector for 202

NFR category
1 A 1 a Public electricity and heat production

1 A 1 b* Petroleum refining

1 A 2 a Stationargombustion in manufacturing industries and construction: Iron and steel

1 A 2 b Stationary Combustion in manufacturing industries and constructionféxmus metals

1 A 2 ¢ Stationary combustion in manufacturing industries and construction: Chemica

1 A 2 d Stationary combustion in manufacturing industries and construction: Pulp. Paper and Pril

1 A 2 e Stationary combustion in manufacturing industries and construction: Food processing. be\

and tobacco

1 A 2 gviitationary combustion in manufacturing industries and construction: Other (Please spe

your 1IR)

1 A 2 f Stationary combustion in manufacturing industries and constructionnigallic minerals

1 A 2 gviMobile Combustion in manufacturing industries and construction: (Please specify in you

1 A 3 ai (i) International aviation LTO (civil)

1 A 3ai(ii) Domestic aviation LTO (civil)

1 A 3 biRoad transport: Passenger cars

1A3bii Road transport: Light duty vehicles

1 A3biii Road transport: Heavy duty vehicles

1 A3biv Road transport: Mopeds & motorcycles
1A3bv Road transport: Gasoline evaporation

1 A3bvi Road transport: Automobile tire and brake wear
1 A3 bvii Road transport: Automobile road abrasion
1 A 3 c Railways

1 A 4 ai Commercial / institutional: Stationary

1 A 4 a@i Commercial/institutional: Mobile
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NFR category Completeness

1 A 4 b i Residential: Stationary plants K
1 A 4 b ii Residential: Household and gardening (mobile) K
1 A 4 ci Agriculture/Forestry/Fishing: Stationary K
1 A 4 c iAgriculture/Forestry/Fishing: Ofbad vehicles and other machinery K
1A5b Other Mobile (including military, land based and recreational boats) K
1 B 1 a Fugitive emission from solid fuels: Coal mining and handling K
1 B 2 av Refining / storage K
1 B 2 a v Distribution of oil products K
1 B 2 ¢ Venting and flaring K
1 B 2 d Other fugitive emissions from energy production K
1A 3 dii National navigation (Shipping) K
Memo Items
1 A 3 a {ii) International aviation cruse(civil)
1 A 3 aii (i) Civil aviation LTO (Domestic. Cruise)
1A3 Transport (fuel used)

Table30NFR categories not included in Energy sector fo220

NFR category Notation key used

1 A 1 c Manufacture of solid fuels and other energy industries NO
1 A 3 aii (i) Domestic aviation cruse (civil) NO
1 A 3 d {ii) International inland waterways NO
1 A 3 e Pipeline compressors NO
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
1 B 2 a i Exploration Production Transport NO
1 B 2 b Natural gas NO
Memo Items
1 A 3di (i) International maritime navigation NO
1 A 3 di (ii) Domestic aviation cruse (civil) NO
1 A5 c Multilateral operations NE

*Petrol refining isot occurring since 2014

The NFR categories 1A.4.c iii 1.A.5.a and 1.ArB.oot estimated due to lack of activity data. These sectors seem not to
have majorimpacton the national emissions and will be calculated or categorized as |IE when activity data or information

are madeavailablein 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 INSQ, CCand TSP within the following sectors:

1.A.1.a 9 power plants (one heating plant and one power plant were not operating in 2020)
1.A.1.b- 1 refinery (not in operation since 2014)
1.A.2.f-1 cement 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.Adategoty has been provided by plant

operators. Complete energy statistics was only availdbiethe years 1992010 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,
SySNHe adGlrdaradarda 2yte LINRPPGARSaE O2yaz2ftARIFGSR RII
road diesel and gasoil were available. In the MAKSTAT dattizaseparate 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 were updated with EF from the latest available Guidebook version
2019 during lasteporting cycle. 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 technologsovements.

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 613§- 7.7 TJ/16t

has been used, for imported coaB.29 TAL0%, for biomass this year separate LHV were used for fire
wood¢ 6.7 TJ/18m3, 10.66 TJ/10m3 for fruit wood, for wood wastes, wood briquettes and pellets

17.00 TJ/1®t for heavy fuelq 40/40.19 TJ/1&, for heating oil and other gasail 42.5 TJ/D%, for

dieselg 43/42.71 TJ/1& for cokeg 26.795 TJ/18, for other imported coak 8.29 TJ/18, for natural
0as¢33.588/34.12 TJ/AONm?. LPQ&; 46/46.05 TJ/18& and petroleum coke 31.82 TJ/18.

4.2. Public electricity and heat productioiNFR 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 widedgd for power generation. District heating
plants are operated usingnly natural gas. At current, biofuels are not used for power or district heat
generation. In 202, sevenplants under this category were operating. Emissions from-maliic
district heat generation (industrial auto producers) are considered in the respective subcategories of
1.A2o0r1.AA4a.

As it was recommended by the last stage 3 review report, information on the existence of abatement
technology in the IR to further increase tlransparency of the inventory is included.
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Table31 TPP and DHP Installation technical properties and BAT

Num. Plant Technolog Thermal Fuel Fuel BAT NERP Comments
name y input typel type2
MW]
1 REK BITOL/ Production 2025 Lignite  Heavy Modernization of Yes
of fuel oil blocs in 2013
electricity 2014, reduction of

NOX, dust and CO
electrostatic filter
F2NJ Rdza i

2 REK Production = 375 Lignite  Heavy electrostatic filter Yes Since 2015 limited
OSLOMEJ  of fuel oil fordust' ' dpy 3 operation only few
electricity mountsin the heating

season due to limited
coal reservas.

3 TEC Production = 630 Heavy No Not in operation since
NEGOTINO of fuel ol 2014 it is used as coli
electricity reserve, Due to the

energy crisis the
installation was put in
operation in December

2021.
4 Balkan Heat 294 Natural Burners for low Yes
Energy production gas NOx insurance
Toplana
ISTOK
5 Balkan Heat 183 Natural In 2013 Heavy Yes
Energy production gas fuel oil has been
Toplana replaced with
ZAPAD natural gas.
Burners for low
NOXx insurance
6 Toplana Heat Natural No Not in operation
Sever production gas
7 TETO Combined 440 Natural Ecological burners No
Electricity gas for low  NOx
and heat insurance and
production stable combustion
mode
8 ELEM Heat 100 Natural No
production gas
9 KOGEL Combined 90 Natural Yes Started inOctober 2019
Heat and gas
electricity
production

4.2.1. Methodological issues

For the years 2008 onwards, NGQ, 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 TEO power plant, and yearly emissions are calculated by means of flue gas
concentrations and flue gasmlumes andeported by the operators to the Ministry of Environment

and physical planning. For lignite and fuel oil thexl$Q 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 emssions are calculated with default Tier 1 emission factors as recommended in the
Guidebook 2019.

Other pollutants (Nklheavy metals and POPSs) are estimated by means of the EMEP 2019 default
emission factors and fuel consumption. Due to modernization ofgyguants, in terms of reduction
of NOx ana dust, implied emission factors were derived for NOx and dust for the perio@@04,3
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and were used for calculation of NOX and TSP emissions for22Q¥5while PM10 and PM2.5
emissions were calculated by appigithe 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 allfur content of about 0.7% and vehygh-water content, up to 60%.

Therefore, the NCV of lignite isonly abott 6 a WKk { 3® wS&ARdzr £ FdzStf 2Af o f
content of 1% but in the early 1990s it was estimated that the sulfur contestupao 3%.

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

Table32 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 58359 1000 2516
1991 45655 NO 3090
1992 44356 NO 2656
1993 45442 NO 3037
1994 47507 NO 2434
1995 49958 NO 2986
1996 47675 NO 3051
1997 49362 NO 3301
1998 55194 NO 2602
1999 50091 NO 2640
2000 51991 715 6345
2001 56387 673 3800
2002 48716 641 4286
2003 49091 345 2902
2004 49291 69 2936
2005 48711 52 3031
2006 45153 197 5152
2007 45697 895 6588
2008 52597 1627 1270
2009 50442 744 2267
2010 46386 1475 2330
2011 53111 1570 1431
2012 50549 974 1594
2013 43402 1522 1310
2014 44158 1633 1671
2015 39816 3258 1606
2016 32903 5653 1138
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Year Lignite (TJ) Natural gas (TJ) Residual fuel oil (TJ)

2017 28553 7456 933
2018 31523 6674 538
2019 37584 8290 687
2020 28740 9745 1073
2021 23445 9132 1462
2022 28794 7721 7223

The data for the fuel consumption in tiheporting period shows that solid and liquid fuels are reduced,
and the quantity of natural gas is increasiitpwever,residualfuel oil andlignite are increaed in
2022 compare to 202dueto activationof the cold reserve TEC Negotifidhe casumption of ligiate

is alsaincreaseddue to reparation of the blks in REK Rila.

Data on fuel consumption is reported by the installation in the format prescribed in the secondary
legislation. Starting from 2008 onwards, enssmeasurements 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 based on available
measurements for several months), emissions for the basic pollutants are calculated by multiplying
the implied emission factors the quantity of fuel consumed reported leyitistallations.

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

Table33 Emission factors for source categoBublic electricity and heat productiod.A.1.a by type
of fuel

Pollutant Unit Lignite Natural gas Heavy fuel oil
NOx g/GJ 389 89 389
NMVOC g/GJ 1.4 2.6 2.3
SQ g/GJ 1.678 0281 1.678
NHs 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 25 5.6
TSP g/GJ 210 0.89 210
CcoO g/GJ 43 25 43
Pb mg/GJ 15 0.0015 4.56
Cd mg/GJ 1.8 0.00025 1.2
Hg mg/GJ 2.9 0.1 0.341
As mg/GJ 14.3 0.12 3.98
Cr mg/GJ 9.1 0.00076 2.55
Cu mg/GJ 1 0.000076 5.31
Ni mg/GJ 9.7 0.00051 255
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Pollutant Unit Lignite Natural gas Heavy fuel ol

Se mg/GJ 45 0.0112 2.06
Zn mg/GJ 8.8 0.0015 87.8
PCDD/ PCD@ioxins/furans) ng FTEQ/GJ 10 0.5 2.5
benzo(a) pyren k3K DW 1.3 0.56 NE
benzo(b) fluoranthene k3K DW 37 0.84 45
benzo(k) fluoranthene k3K DW 29 0.84 45
Indeno (1.2.3cd) pyren k3K DW 2.1 0.84 6.92
PCB ng WHOTEG/GJ 3.3 NE NE
HCB k3IKkDW 6.7 NE NE

Emission factors for the basic pollutants: NOx, SOx, CO and patrticulates 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 GB023are used.

Emissiormeasurements

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 31" March each year. Installations are reporting on NOx, CO, TSP and SOx measurements, but in
case of power plantsmplied EF are used also for these pollutants for coal and heavy fuel oil due to
low coverage of measurements. For 20@r these pollutants, tB measurements received were
converted to yearly emissions and presented in the Néporting table with exeption of SOx
emissionsThe measured emissions for TSP are used for calculation of PM10 and PM2.5 as 68 and 27%
fraction from TSP.

Implied emissiorfactors

The following table shows NBQ, 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. Theseissibn factors were calculated with the support of
ldzAGNR Iy SySNH& S E LIS Riftheristyengthdhifig the ccapslchias Jor diidie SO0 «
implementation of the acquis in the field of Air Quatity 4 KI G Kl & 6SSy OF NNASR 2c¢
2017in our Ministry. As proposed by the expert the implied EF for both heavy fuel and coal are same

for the basic pollutants considered ersisn measurement datalhe IEF were developed with the

Austrian experts in th@wining project.

The problem was thatrdy for several years there was good coverage of measurements (there is still
no automatic monitoring for coal power plants), so these measurements were used to develop IEF.
Default emission factors from the guidebook are not suitable since the coal issfieml the expert
judgment to develop same emission factors from the measurements influence on less uncertainty
than to use default emission factors for Guidebook."
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Table34 Implied Emission factors for source categdpyblic eletricity and heat production
1.A.1.a by using measurements data for period 20@912

Year NOx (9/GJ) SQ(g/GJ) TSP (g/GJ) CO (g/GJ)
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
2012 359.25 1.584.72 213.57 61.00
Mear-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 weoalculated due to lower figures of monthly
measurements which is infected by the modernization boilers in the power plants.

Table35Implied Emission factors for source category Public electricity and heat production 1.A.1.a
by type of fuel for 20142017

Year NO« (g/GJ) TSP (9/GJ)

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/@dpectively.

For 2022 the calculation of emission amounts of iS@ade using implied emission factors instead of
using measured exhaust gas volume flows and emission concentrations of SO2, due to the large
difference in the values of volume flows of exist gases, as well as high amounts of emissions even
the amount of coal is decreased in the whtlee.

The implied emission factors for $Q@re calculated as the mean value of the emission factors
calculated for 3 consecutive years, 2019, 2020 and 28&isideringhe input thermal power of the
fuels in TJ and the emission amounts of the polluting substances for each yeatualijvexpressed

in tons.

In the future, our assessment is that fully credible and reliable calculations for emission quantities of
SQ, NOx and TSP, in tons, can be obtained if REK Bitola installs continuous monitoring of the volume
flow of exhaust gaseand emission concentrations of SONOx and TSP, at measuring point and
calibration of the automatic monitoring system according to international standards. Therefore,
starting from 2022 implied emission factors will be used again.

4.2.2. Sourcespecific uncertaities and timeseries 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).
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4.2.3. Sourcespecific QA/QC and verification
Quiality 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.

4.2.4. Sourcespecific recalculations
Recalculations were dordue to due to final consumption data for 202

4.2.5. Sourcespecific 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 péatteoéctivity for improving of
national air emission inventory in IPA Il air quality project that is planned to start in the end of this
year.

4.3. Petroleum refiningg NFR 1.A.1.b

This chapter presents the entire consumption of fuels in the oil industry. kégiresentative of this
aSOG2NI gl a 2yte 2§ 206Dy & yambpyH W GK GKS O2YY.
plants OKTA AR Skopje becomes the only crude oil refinery in the country. In January 2013
production in OKTA ended, after which thengmany entered a transformation process from an

inflexible and norefficient heavy industry into a fagfrowing clientoriented logistics services trade

company. OKTA has developed a retail network of 25 petrol stations across the country, where it
supplieshigh 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 = ARueI consumptiorp EE)ollutant

Boiutantannual emission of pollutant

Epoiutant €mission factor of pollutant

ARuel consumption@cCtivity 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 a1 the consumption of fuels in this sector for the period 2€i@14 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 eglthble supply of fuel in the
country. Request for providing data for the period 199899 has been sent to the company, but these
data have not been reported.

Data for 19961999 were calculated using the surrogate method. The estimates were relatéw to t
two trends in crude oil consumption by the refinery.
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Table36 Activity data for source category 1.A.1-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
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 NO NO
2019 NO NO
2020 NO NO
2021 NO NO
2022 NO NO

Emission factors

The emission factors for refinery gas héeen taken from GB 23. Table 42, Tier 1 emission factors
for source category 1.A.1.IRefinery gas and emission factors for heavy fuel oil from @B Z@ble
4-4 Tier 2 emission factors for source category 1.A.1.b, process furnacesassthal oil.
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Table37 Emission factors for source category 1.A.4Retroleum refining

Pollutant Unit Refinery gas Heavy fuel oil

NO g/GJ 63 142
NMVOC g/GJ 2.58 2.3
SQ g/GJ 0.281 485
PM2.5 g/GJ 0.89 9
PM10 g/GJ 0.89 15
TSP g/GJ 0.89 20
CcO g/GJ 12.2 6
Pb mg/GJ 161 4.6
Cd mg/GJ 2.19 1.2
Hg mg/GJ 0.372 0.3
As mg/GJ 0.352 3.98
Cr mg/GJ 6.69 14.8
Cu mg/GJ 3.29 11.9
Ni mg/GJ 7.37 773
Se mg/GJ 1.56 2.1
Zn mg/GJ 17 49.3
"PCDD/ PCDF (dioxins/furans)" ngl-TEQ/GJ - 2.5
benzo(a) pyren k3K DW 0.669

benzo(b) fluoranthene k3K DW 1.14 3.7
benzo(k) fluoranthene k3K DW 0.631 -
Indeno (1.2.%cd) pyren k3K DW 0.631 -

4.3.2. Sourcespecific uncertainties and timgeries 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. Sourcespecific QA/QC and verification
No speific QA/QC and data verification was performed, considering that no production process is
occurring in the last few years.

4.3.4. Sourcespecific recalculations including changes made in response to the review
process

No recalculations were made for this repaogi period.

4.3.5. Sourcespecific planned improvements including those in response to the review
process

No planned improvements in this category.
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4.4. Manufacturing industries and constructionNFR 1.A.2

This category includes emissions from manufacturing industries. Several industrial branches are
contributingto the category, each consisting of either a single or few industrial plants with rather small
capacities. Many plants have phases of 1operation or high fluctuation in their production, as a
repercussion of thecoromic changes since the early 1990s.

For all other categorieghe Tierl methodology has been selected by using default emission factors
from the GB2019.

4.4.1. Methodological issues

The Tierl approach for process emissions from industrial combustion installations uses the general
equation:

O 0'Y 00 g
Brolutant= €missions of pollutant (kg).

ARuel consumptior= fuel used in the industrial combustion (TJ) for each fuel.

ERerpoivtant= @n average emission factor (EF) for each pollutant for each unit of fuel type used (kg/TJ).

Activity datac stationary combustion

Complete energy statistics is only availafde the years 1991, 1993, 1995996, 199&014. The
missing years 1990, 1992, 1994 and 1997 have been linearly interpolated-GHaghpy means of
production statistics.

The activity data for the following categories are presented in the Tabké858

1.A.2.at Iron and steel

1.A.2.bt Nonferrous metals

1.A.2.ct Chemicals

1.A.2.dt Pulp. paper and print

1.A.2.et Food processing. beverages and tobacco
1.A.2.ft Norrmetallic minerals is IE

1.A.2.g.vii Other

> I > I T I D

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

Table38 Activity data for source category 1.A.2@Stationary combustn in manufacturing
industries and construction: Iron and steel

Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]
1990 NA NA 1396 3104
1991 NA NA 2133 1184
1992 NA NA 2451 1611
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Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]

1993 NA NA 1964 1291
1994 NA NA 960 631
1995 NA NA 2100 656
1996 NA NA NA 34
1997 NA NA 272 179
1998 0.30 NA 5166 1793
1999 0.53 NA 3443 1414
2000 NA 27 2285 1699
2001 0.08 816 1912 780
2002 NA 960 1378 1076
2003 2.60 1119 2882 1196
2004 2.22 1226 3300 1041
2005 82.75 1413 5299 2029
2006 69.59 1456 6308 2793
2007 9.13 1465 7373 2571
2008 9.13 1201 5931 2969
2009 0.98 1141 3761 2571
2010 52.51 1126 5842 3224
2011 3.42 754 5415 2002
2012 4.00 605 6377 3000
2013 4.00 610 5220 3366
2014 3.42 754 5410 2002
2015 4.01 658 4368 1399
2016 241 864 4521 1142
2017 151 1025 2522 806
2018 101.11 994 3071 926
2019 95.70 912 4800 998
2020 50308 845 3712 1157
2021 33777 946 3963 986
2022 257.966 988 2198 463

Table39 Activity data for source category 1.A.24tationary combustion in manufacturing
industries and construction: Iron and steel

Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]
1990 NA NA 2298 631
1991 NA NA 1827 278
1992 NA NA 1830 591
1993 NA NA 1834 905
1994 NA NA 1686 862
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Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]

1995 NA NA 1537 819
1996 NA NA NA 26
1997 NA NA 920 82
1998 NA NA 1839 139
1999 NA NA 1754 700
2000 NA NA 2046 771
2001 NA NA 1919 374
2002 NA NA 1246 615
2003 NA NA 596 9

2004 NA NA NA 13
2005 NA NA NA 22
2006 NA NA NA 32
2007 NA NA NA 42
2008 NA NA NA 266
2009 NA NA NA 26
2010 NA NA NA 34
2011 NA NA NA 70
2012 NA NA NA a1
2013 NA NA NA 42
2014 NA NA NA 3

2015 NA NA NA 42
2016 NA NA NA 53
2017 NA NA NA 55
2018 NA NA NA 54
2019 NA NA NA 48
2020 NA NA NA 57
2021 0.187 NA NA 71
2022 0.119 NA NA 59

Table40 Activity data for source category 1.A.2-Stationary combustion in manufacturing
industries and construction: Chemicals

Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]
1990 NA NA NA 169

1991 NA NA NA 166

1992 NA NA 0.42527 613

1993 NA NA 0.85054 1060

1994 NA NA 0.746996 1136

1995 NA NA 0.643452 1213

1996 NA NA 2.540328 33
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Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]

1997 NA NA 2.256664 89
1998 0.84 NA 1.973 144
1999 NA NA NA 40
2000 NA NA NA NA
2001 NA 37.518 NA 0.0838
2002 NA 40.373 NA 1.59
2003 NA 32.715 NA 0.712
2004 NA 25.964 NA 5.99
2005 NA 117.684 NA 187
2006 NA 68.480 NA 166
2007 NA 62.045 NA 158
2008 NA 57.061 NA 154
2009 NA 37.596 NA 131
2010 NA 61.877 NA 89
2011 NA 52.170 NA 100
2012 NA 38.770 NA 75
2013 0.4165 36.942 NA 72
2014 NA 35.903 NA 65
2015 NA 36.439 NA 87
2016 NA 38.813 NA 74
2017 0.03 41.272 NA 83
2018 0.03 39.053 NA 75
2019 0,57 72.027 NA 83
2020 0,56 72.027 NA 41
2021 0,19 102217 NA 23
2022 0.79 80.241 NA 20

Table41 Activity data for source category 1.A.2:d5tationary combustion in manufacturing
industries and construction: Pulp. paper and print

Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]
1990 NA NA 337.1813 12.89

1991 NA NA 337.18 16.88

1992 NA NA 0.44 12.40

1993 NA NA 0.22 7.92

1994 NA NA NA 7.76

1995 NA NA NA 7.60

1996 NA NA NA 196.99
1997 NA NA 56.11 169.95
1998 1.90 NA 28.78 142.91
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Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]

1999 0.53 NA 1.45 2.86

2000 0.50 NA NA 0.38

2001 0.84 NA NA 0.29

2002 0.67 NA NA 1.93

2003 0.21 NA NA 1.26

2004 1.00 NA NA 1.13

2005 171 74.54 0.78 52.94
2006 1.88 78.19 0.65 55.17
2007 171 75.25 0.87 56.71
2008 1.72 76.73 2.76 129.93
2009 1.43 58.56 0.62 62.99
2010 1.57 92.12 0.32 38.51
2011 0.91 33.83 0.19 27.53
2012 0.37 23.79 0.27 17.27
2013 0.32 15.06 0.25 16.01
2014 0.20 15.04 0.96 17.75
2015 0.18 15.04 0.23 26.37
2016 2.02 14.02 0.21 18.59
2017 2.85 15.94 0.25 22.64
2018 2.74 16.24 NA 18.00
2019 3.30 19.32 NA 20.45
2020 3.42 22.384 NA 20.70
2021 4,63 23468 NA 22,60
2022 5.05 19.727 NA 1846

Table42 Activity data for source category 1.A.2-€Stationary combustion in manufacturing
industries and construction: Food processirtggveragesand tobacco

Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ]
1990 NA NA 172 1611
1991 NA NA 34 223
1992 NA NA 32 414
1993 NA NA 30 605
1994 NA NA 22 589
1995 NA NA 14 572
1996 NA NA 3 137
1997 NA NA 17 547
1998 15.54 NA 31 956
1999 18.41 NA 31 115
2000 13.19 NA 28 1614
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Year
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Biomass [TJ]

12.31
9.67
4.19
5.86
136.53
8.77
2.18
7.38
2.05
9.33
5.92
74.28
138.16
188.88
182.19
152.72
184.95
167.95
162.61
137.88
16104
15107

34
59
59
51
257.30
261.38
243.90
246.31
211.11
238.05
237.68
218.77
220.22
204.67
215.39
234.03
240.53
240.62
23308
247.68
280.78
17873

Natural gas [TJ]

Table43 Activity data for category source category

Year
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

Biomass [TJ]

67
67
67
67
67
67
66
67
66
69
67
35
30

Natural gas [TJ]

NA
NA
NA
NA
NA
NA
NA
NA
NA
153
263
204
266

Lignite [TJ]
111
111
111
110
123
135
32
593
668
517
634
649
687

Lignite [TJ]
13
18
22
16

19.93
6.04
10.32
8.76
7.00
9.24
7.52
6.78
6.85
4.42
NA
NA
NA
NA
0.46
NA
NA
NA

Heavy Fuels [TJ]
155
172
202
155
1057
1002
920
891
895
862
824
812
681
660
701
687
666
345
683
689
684
685

Heavy Fuels [TJ] Clinker [tones]
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2666
2727
2606
2484
2117
1749
6040
2495
2991
2000
2540
2744
2922

491 902
465 375
396 496
413 444
375914
365 121
396 015
475 252
346 867
427 080
614 162
716 963
739 492
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Year Biomass [TJ] Natural gas [TJ] Lignite [TJ] Heavy Fuels [TJ] Clinker [tones]

2003 38 29 1084 2731 602 569
2004 29 NA 1706 1349 643 258
2005 2068 86 332 1974 694 922
2006 179 86 263 3073 801 302
2007 124 88 265 4603 882 834
2008 186 86 213 4359 843 765
2009 126 71 170 2980 478 404
2010 100 128 134 3184 588 978
2011 104 244 104 3520 687 986
2012 113 135 113 3441 645 482
2013 84 129 141 3335 577 845
2014 113 135 113 3441 518 198
2015 52 145 939 2345 553 232
2016 61 173 2662 1027 739 807
2017 63 213 2632 1017 735 625
2018 63 235 2548 1234 748 287
2019 62 254 2327 1668 730 700
2020 53 201 301 3256 770 559
2021 52 292 1058 2979 803 735
2022 102 219 39 3725 673837

4.4.2. 1.A.2. gviii- Stationary combustion in manufacturing industries and construction:
Other

Activity datac¢ mobile combustion

Activity data for category 1.A.2.gvii for diesel fuel is presented in Bbl&he activity data for the
period 19902002 werecalculated using surrogate data (@ffad vehicles in industry). Data for 2605
2018 have been revised and taken from MAKSTAT datalasag previous submission.

Table44 Activity data for source category 1.A.2.gviMobile Combusion in manufacturing
industries and construction: for diesel fuel

Year Heavy Fuels [TJ] Year Heavy Fuels [TJ]
1990 4879 2006 459
1991 3520 2007 528
1992 4707 2008 558
1993 4925 2009 789
1994 2074 2010 1020
1995 2408 2011 1378
1996 2074 2012 1737
1997 1796 2013 2300
1998 1624 2014 1154
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Year Heavy Fuels [TJ] Year Heavy Fuels [TJ]

1999 1316 2015 1190
2000 1050 2016 1207
2001 1156 2017 1104
2002 680 2018 1097
2003 549 2019 1056
2004 507 2020 1135
2005 429 2021 1173

2022 1176

Emission factorg 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 Tab8s0.

Table45 Emission factors for source category 1.A.3tationary combustion in manufacturing
industries and construction for biomass

Pollutant Value Unit References
NOx 91 ¢g/GJ GB 2@3 Table 35 emission factor for source category, 1.A.2. page
NMVOC 300 g/GJ GB 2@3 Table 35 emission factor for source category, 1.A.2. page
SOx 11 g/GJ GB 2@3 Table 35 emission factor for source category, 1.A.2. page
NH3 1.2 g/GJ GB 2@3 Table 33 emis$on factor for source category.A.2. page 18
PM2.5 140 g/GJ GB 2@3 Table 33 emis#on factor for source categord.A.2. page 18
PM10 143 g/GJ GB 2@3 Table 33 emissiondctor for source category.A.2. page 18
BC 28 % of PM2.5 GB 2@3Table 33 emis$on factor for source category.A.2. page 18
TSP 150 ¢g/GJ GB 2@3 Table 33 emisson factor for source categord.A.2. page 18
CO 570 g¢/GJ GB 2@3 Table 33 emission fator for source categor§.A.2. page 18
Pb 27 mg/GJ GB 2@3 Table 33 emis#on factor for source categord.A.2. page 18
Cd 13 mg/GJ GB 2@3 Table 33 emis#on factor for source categord.A.2. page 18
Hg 0.56 mg/GJ GB 2@3 Table 33 emission factofor source category.A.2. page 18
As 0.19 mg/GJ GB 2@3 Table 33 emis#on factor for source categord.A.2. page 18
Cr 23 mg/GJ GB 2@3 Table 33 emisson factor for source categord.A.2. page 18
Cu 6 mg/GJ GB 2@3 Table 33 emission factor for soce categoryl.A.2. page 18
Ni 2 mg/GJ GB 2@3 Table 33 emisson factor for source categord.A.2. page 18
Se 0.5 mg/GJ GB 2@3 Table 33 emis#on factor for source categord.A.2. page 18
Zn 512 mg/GJ GB 2@3 Table 33 emission factor for sourcetegoryl.A.2. page 18
PCDD/PCDF 100 ng tTeg/GJ GB 2@3Table 33 emisgon factor for source category.A.2. page 18
benzo(a) pyren 10 mg/GJ GB 2@3 Table 33 emis#on factor for source categord.A.2. page 18
benzo(b) fluoranthene 16 mg/GJ GB 2@3 Table 33 emis#on factor for source category.A.2. page 18
benzo(k) fluoranthene 5 mg/GJ GB 2@3 Table 33 emis#on factor for source category.A.2. page 18
Indeno (1.2.3cd) pyren 4 mg/GJ GB 2@3 Table 33 emis#on factor for source category.A.2. page 18
HCB 5 x 3k DW GB 2@3Table 33 emis#on factor for source category.A.2. page 18
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Pollutant

PCBs

Value

Unit

References

0.06 k 3k DW GB 2@3Table 33 emis$on factor for source category.A.2. page 18

Table46 Emission factors for source category 1.A.3tationary combustion in manufacturing
industries and construction for gaseous fuel

Pollutant
NOXx
NMVOC
SOx
PM2.5
PM10
TSP
BC
CcO
Pb
Cd
Hg
As
Cr
Cu
Ni
Se
Zn

PCDD/PCDF

benzo(a) pyren
benzo(b) fluoranthen
benzo(k) fluoranthene

Indeno (1.2.%cd) pyren
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Value
74

23
0.67
0.78
0.78
0.78

I

29
0.011
0.0009
0.54
0.1
0.013
0.0026
0.013
0.058
0.73

0.52

0.72
2.9
11

1.08

Unit
g/GJ
g/GJ
g/GJ
0/GJ
0/GJ
g/GJ
% PM2.5
g/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ

ng
Teq/GJ

mg/GJ
mg/GJ
mg/GJ
mg/GJ

References
GB 2@3 Table 33 emis#on factor for source categord.A.2. page 16
GB 2@3Table 33 emission factor foraurce categonl.A.2. page 16
GB 2@3 Table 33 emis#on factor for source categord.A.2. page 16
GB 2@3 Table 33 emis$on factor for source categord.A.2. page 16
GB 2@3 Table 33 emission factor fosource categorit.A.2. page 16
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB 2@3 Table 33 emission factor for source category 1.A.2. page :
GB2@3 Table 33 emission factor for source category 1.A.2. page 1

GB2@3 Table 33 emission factor for source category 1.A.2. page 1
GB2@3 Table 33 emission factor for source category 1.A.2. page 1
GB 2@3 Table 33 emission factor for source category 1.A.2. page :

GB 2@3 Table 33 emission factor for source category 1.A.2. page :
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Table47 Emission factors for source category 1.A.3tationary combustion in manufacturing
industries and construction for solid fuel

Pollutant
NOx
NMVOC
SOx
PM2.5
PM10
TSP
BC
CcO
Pb
Cd
Hg
As
Cr
Cu
Ni
Se
Zn
PCDD/PCDF
benzo(a) pyren

benzo(b)
fluoranthene

benzo(k)
fluoranthene

Indeno (1.2.2cd)
pyren

HCB
PCBs

Value
173
88.8
900
108
117
124
6.4
931
134
1.8
7.9
4
135
17.5
13
1.8
200
203
455

58.9

23.7

18.5

0.62
170

Unit
0/GJ
g/GJ
g/GJ
g/GJ
g/GJ
0/GJ

% of PM2.5

g/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

ng tTeq/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

References

GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emis#on factor for source categord.A.2. page 15

GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15
GB2023Table 33 emission factor for source category 1.A.2. page 15

GB2023Table 33 emission factor for source category 1.A.2. page 15

GB2023Table 33 emission factor for source category 1.A.2. page 15

k 3 k D' GB2023Table 33 emission factor for source category 1.A.2. page 15

k 3 k D' GB2023Table 33 emission factor for source category 1.A.2. page 15

Table48 Emission factors for source category 1.A.8tationary combustion in manufacturing
industries and construction for liquid fuel

Pollutant
NOXx
NMVOC
SOx
PM2.5
PM10
TSP

BC

Value

513

25
47
20
20
20

56

Unit References

g/GJ GB2023Table 34 emission factor for source category 1.A.2. page
g/GJ GB2023Table 34 emission factor for source category 1.A.2. page
g/GJ GB2023Table 34 emission factor for source category 1.A.2. page
g/GJ GB2023Table 34 emission factor for source category 1.A.2. page
g/GJ GB2023Table 34 emission factor for source category 1.A.2. page
g/GJ GB2023Table 34 emission factor for source category 1.A.2. page
% of GB2023Table 34 emission factor for source category 1.A.2. page

PM2.5
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Pollutant Value Unit References

CcO 66 g/GJ GB2023Table 34 emission factor for source category 1.A.2. page
Pb 0.08 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
Cd 0.006 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
Hg 0.12 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
As 0.03 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
Cr 0.2 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
Cu 0.22 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
Ni 0.008 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
Se 0.11 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
Zn 29 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
PCDD/PCDE 14 TZ%/LGJ GB2023Table 34 emission factor for source category 1.A.2. page
benzo(a) pyren 1.9 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
benzo(b) fluoranthene 15 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
benzo(k) fluoranthene 1.7 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page
Indeno (1.2.3cd) pyren 15 mg/GJ GB2023Table 34 emission factor for source category 1.A.2. page

The emission factors for clinker production are presented in T4ble

Table49 Emission factors for category 1.A-BStationary combustion in manufacturing industries
and construction: Other for clinker

Pollutant Value Unit References
NOx 1241 gltclinker GB2023Table 324 emission factor for source category 1.A.2.f, p2a@e
NMVOC 18 g/tclinker GB2023Table 324 emission factor for source category 1.A.2.f, p3ge
SOx 374 gltclinker GB2023Table 324 emission factor for source category 1.A.2.f, p2@e
CcO 1455 gltclinker GB2023Table 324 emission factor for source category 1.A.2.f, p2@e
Pb 0.098 g/tclinker GB2023Table 324 emission factor for source category 1.A.2.f, pa@e
Cd 0.008 g/tclinker GB2023Table 324 emission factor for source category 1.A.2.f, pa@e
Hg 0.049 gltclinker GB2023Table 324 emission factor for source category 1.A.2.f, p3@e
As 0.0265 g/t clinker GB2023Table 324 emission factor for source category 1.A.2.f, p3@e
Cr 0.041 gltclinker GB2023Table 324 emission factor for source category 1.A.2.f,p8Be
Cu 0.0647 gl/tclinker GB2023Table 324 emission factor for source category 1.A.2.f, p3@e
Ni 0.049 gltclinker GB2023Table 324 emission factor for source category 1.A.2.f, p3@e
Se 0.0253 g/t clinker GB2023Table 324 emission factor for source category 1.A.2.f, pd@e
Zn 0.424 gltclinker  GB2023Table 324 emission factor for source category 1.A.2.f, pd@e
PCB 103 X 3k (i GB2023Table 324 emission factor for source category 1.A.2.f, p3ge
clinker
PCDD/PCDE 41 N9 !-TEQ/t GB2023Table 324 emission factor for source category 1.A.2.f, p2@e
clinker
benzo(a) pyren 0.00006 glt clinker GB2023Table 324 emission factor for source category 1.A.2.f, p2g@e

5
benzo(b) fluoranthen  0.00028 g/t clinker GB2023Table 324 emission factor for source category 1.A.2.f, pa@e
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Pollutant Value Unit References

benzo(k) fluoranthen 0.000077 glt clinker GB2023Table 324 emission factor for source category 1.A.2.f, p3@e
Indeno (1.2.3cd) 0.00004 gltclinker GB2023Table 324 emission factor for source category 1.A.2.f, p2@e
pyren 3

x 3k (i GB2023Table 324 emission factor for source category 1.A.2.f, pa@e

HCB 4.6 .
clinker

Emission factorg mobile combustion
Concerning the source category 1.A.2.gvii, the emission factors for diesel fuels are presented in table
50.

Table50 Emission factors for source category 1.A.2.g\Wlobile Combustion in manufacturing
industries and construction:dr diesel fuel

Pollutant Value Unit References
NOXx 32629 g/ton GB2023Table 31 Tier 1 emission factors for efdad machinery
NMVOC 3777 g/tone GB2023Table 31 Tier 1 emission factors for efdad machinery
NH; 8 g/ton GB2023Table 31 Tier 1 emission factors for efdad machinery
PM2.5 2104 g/tone GB2023Table 31 Tier 1 emission factors for efdad machinery
PM10 2104 g/ton GB2023Table 31 Tier 1 emission factors for efdad machinery
BC 1306 GB2023Table 31 Tier 1 emission factors for efdad machinery
g/ton
TSP 2104 g/ton GB2023Table 31 Tier 1 emission factors for efbad machinery
CcO 10774 g/ton GB2023Table 31 Tier 1 emission factors for efbad machinery
Cd 0.01 mg/kg GB2023Table 31 Tier 1 emission factors for effad machinery
Cr 0.05 mg/kg GB2023Table 31 Tier 1 emission factors for efdad machinery
Cu 1.7 mg/kg GB2023Table 31 Tier 1 emission factors for efdad machinery
Ni 0.07 mg/kg GB2023Table 31 Tier 1 emission factors for efbad machinery
Se 0.01 mg/kg GB2023Table 31 Tier 1 emission factors for efbad machinery
Zn 1 mg/kg GB2023Table 31 Tier 1 emission factors for efbad machinery
benzo(a) pyrene 30 k 3Kk | : GB2023Table 31 Tier 1 emission factors for efdad machinery
benzo(b) fluoranthene 50 k Ak 1 : GB2023Table 31 Tier 1 emission factors for efdad machinery

With regards to SOgalculation for emissions coming from diesel is done using the sulfur content
presented in Tabl&0.

4.4.3. Sourcespecific uncertainties and timgeries consistency

The activity dataincertainty was estimated to be 10 %. For the categories 1.ARM&2.e asvell as

for 1.A.2.gviii, the emission factor uncertainty for SOx was estimated to be 20% (rating A. cf. chapter
1.7). For NO¥, including category 1.A.2.gvii was estimated to be 40% (rating B. cf. chapter 1.7). For
NMVOC for the dagories 1.A.2.a1.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.al.A.2.e for PM2.5, the EF is estimated to be 40% (rating &aglter 1.7)and

for 1.A.2.gvii and 1.A.2.gviii is estimated to be 125% (rating C cf. chapter 1.7).
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4.4.4. Sourcespecific QA/QC and verification

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

4.4.5. Sourcespecific recalculations including changes made in response to the review
process

Recalculations 02022 were performed, due to the use of final data (from the energy balance) for
fuel consumption.Due to updated activity data in several categories 2021 emission data were
corrected.

4.4.6. Sourcespecific planned improvements including those in response ® rétview
process

Higher tier methodology will be performed in future submissions as soon as activity data is made
available through estalisment od NEIS in 202

4.5. Transport

4.5.1. Road transporgNFR 1.A.3

This chapter covers the emissions from road transport. It provides the methodology, emassians f

as well as relevant activity data necessary for calculation of the exhaust emissions for the following
categories of road vehicles:

A passenger cars (NFR code 1.A.3.b.)

A light commercial vehicles (1) (< 3.5t) (NFR code 1.A.3.b.ii)
A heavyduty vehicles (2) (> 3.5 t) and buses (NFR code 1.A.3.b.iii)

A mopeds and motorcycles (NFR code 1.A.3.b.iv)
Road transport inventory has improved significantly, due to the implemented change of methodology
in upgrading to Tier 3 method of emission cédtion applied for the period 2008022. Activity data
acquisition for the period 1998004 remains the same including estimated emissioakulated with
the highest uncertainty, due to the lack of detdits the vehicle fleet data

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
19902004 has been used: fuel quantity (expressed in heat units) is multiplied by the appropriate
emission factor, whicldepends 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:
O 00 O

Where:

E = emission of pollutant i [g]
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FGm= fuel consumption of vehicle category j using fuel m [kg].
EFR;m= fuel consumptiorspecific emission factor of pollutantar vehicle category j and fuel m [g/kg].

The emission data for the period 192000 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 emission factors are available for CO;N¥MVOC, 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 and PM25. The Timis&ien factors are stated in
units of grams per vehicleilometer and for each vehicle technology are given in the table 3.17 of the
EEA Guidebook 2013.

COPERT 5 (version 5.5.1) methodology has been used for calculation of the national emissions from
road transport for the period 20052022 The methodology is fully incorporated in the computer
software program COPERT 5 (version 5.5.1) which facilitates its application. The actual calculations
have been therefore performed by using this compugeftware.

The COPERT methodology is also part of the EMEP/EEA air pollutant emission inventory guidebook
(formerly referred to as the EMEP/CORINAIR Guidebook). The Guidebook is prepared by the
UNECE/EMEP Task Force on Emission Inventories and Projetk&iR)(and published by the
European Environment Agency.

The COPERT methodology is fully consistent with the Road Transport chapter of the Guidebook. The
use of a software tool to calculate road transport emissions allows for a transparent and standardized
henceconsistent,and comparable data collecting and emissions reporting procedure, in accordance
with the requirements of international conventions and protocols and EU legislation.

To calculate emissions using the COPERT 5 software, at least thenfplioput data is necessary:
vehicle fleet data, mileage data per vehicle category and type of roads, speed data, fuel consumption
and fuel characteristic, monthly air minimum and maximum temperatures, fuel vapor presure

COPERT 5 (version 5.5.1) pamg was used for emissions calculation of exhaust emissions and
emissions from automobile tire and brake wear and road abrasion.

Exhaust emissions of NOx, SOx, NMVOC, NH3, PM2.5, PM10, TSP, Black carbon (BC), CO, Lead (Pb),
Cadmium (Cd), Mercury (Hg), Ange(As), Chromium (Cr), Copper (Cu), Nickel (Ni), Selenium (Se), Zinc

(Zn), dioxins/furans and four indicator PAHs (benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, indeno(1,2&l)pyrene), PCB and HCB have been calculated using COPERT 5
(versbn 5.5.1).

Emissions of particulate matter (PM2.5, PM10, TSP, BC) from automobile tire and brake wear and road
abrasion have been calculated by COPERT 5 (version 5.5.1) as well.

COPERT 5 (version 5.51)del dso calculategmissions of heavy metals (Pb, Cd,@s, Cr, Ni Se, Zn)
from automobile tire and brake wear.

Vehicle fleet
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The fleet composition for the yea200% H A was taken from the official database of registered
motor vehicles inNorth Macedoniaprovided by the Ministry of InterioAffairs Sinceno available
database exists on motor and vehicles for gegiod 19902004 Tier 1 method of emission calculation
was used for that period

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

Fuel consumption and mileage data

The fuel consumption and the consecutive energy consumption of the national vehicle fleet was taken
from the official Energy statistic of the country/fuel consumption of the subsector road transportation.
According to the national energy balance, the raemhsport sector mainly consumes diesel, petrol,
LPG fuel, as well as small quantities of CNG.

The initial mileage data per subcategory was obtained by the EMISIA SA dataiNmdiftdacedonia

containing country specific activity data per vehicle class for the period ZIet. This EMISIA SA

database for the EU and EU accession countries has been prepared using latest official statistics
available, relevant studies, and SIBYL data, as wedeasad transport dataset and methodology of

the TRACCS and FLEETS research projects. The quality, completeness, and consistency of TRACCS and
FLEETS datasets, which have been extensively reviewed anecloecked, together with the

expertise of EMISIAndransport data, ensure that the compiled COPERT data are also of good quality.

Based orthe mileage data for the period 206Q014, a linear interpolation of the mileage data has

been done for theperiod 2015- 2022 As a last step, the initial mileage data per category has been
calibrated using the variables for the annual fuel consumption data and the specifics of the vehicles
categories and classes. The detailed mileage matrix contains annual mileage per widtategory

for new vehicles and for every vintage back in time, which determines the yearly mileage reduction
percentages as a function of vehicle age. In a first step, the detailed mileage matrix is combined with
corresponding fleet numbelt® estimate inermediate total mileages for each year on a detailed fleet

tf S@Std® bSEGTI SIOK &@SIFNRa RSGFAESR O0AYGUSNYSRALI (S
between true and intermediate total mileage per vehicle subcategory.

The datasets of EMISBWA also provided information of the mileage split between urban, rural and
highway driving based on their surveys and monitoring data. This has been also crosschecked with the
national statistical data to assure compliance and consistency with the preagahal circumstances

and the national data.

Meteorology and climatedata

Emissions and fuel consumption results for operationally hot engines are calculated for each year and
for layer and road type. The procedure is to combine fuel consumption andsiemiactors (and
deterioration factors for catalyst vehicles), number of vehicles, annual mileage levels and the relevant
roadtype shares.

Extra emissions of NOx, VOC,,GED, PM, N20, Nknd fuel consumption from cold start are
simulated separatelyFor S@ and CQ, the extra emissions are derived from the cold start fuel
consumption results.
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Each trip is associated with a certain cetdrt emission level and is assumed to take place under
urban driving conditions. The number of trips is distribusgenly across the months. First, cold
emission factors are calculated as the hot emission factor times the cold: hot emission ratio. Secondly,
the extra emission factor during cold start is found by subtracting the hot emission factor from the
cold emissia factor. Finally, this extra factor is applied on the fraction of the total mileage driven with

a cold engine (the factor) for all vehicles in the specific layer.

The coldhot ratios depend on the average trip length and the monthly ambient temperature
distribution. The meteorological datbor North Macedoniaas minimum and maximum monthly
temperature data and the average monthly humidity for the per&i)5-2022have been provided

by the National Hydrometeorological ServiceNurth Macedonia. The Cityf&kopje is taken as a
reference city for this assessment and the meteorological data provided in the COPERT assessment
are referring to the meteorological conditions in the city of Skopje.

Annual mileage (km/year) for each vehicle category for 2ZBOE8 has been taken from EMISIA
database for North Macedonia. For other years the starting point is the same average yearly
kilometres per vehicles class as in 2015, corrected to actual fuel consumption.

Sulfur dioxide emissions aoalculatedusing emission fdors offered by COPERT. Sulfur fuel content
(ppm wit) is used as an input, according to the Decree on fuel quality:

Petrol Grade 1 10

Petrol Grade 2 10

Diesel Grade 1 10

Diesel Grade 2 10

LPG Grade 1 50

LPG Grade 2 50

Activity data

Fuelconsumption data were taken from Statistical yearbqakapter Energy balance 192022[22].
Data on number of vehicles were taken from Statistical yearbook for the period2@®®)22] and
publication Transport and otliecommunication for the period 2002004 [26]. For the period 205-
2022 data on number dvehicks were taken from MOI database.

Table51 Activity data for source category 1.A.3.bRoad transportfor period 19962022

NFR 1A3bi 1A3bi 1A3bii 1A3biii 1A3biv
Year Liquid fuels Gas fuel Liquid fuels Liquid fuels Liquid fuels
1990 7647 2064 1553 3054 101
1991 6331 1396.6 21481 4293.3 121
1992 7097 1565.6 25441 5084.8 1818
1993 7353.6 1622.2 2652.8 5302.1 198.9
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NFR
Year
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Liquid fuels

1A3bi

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
11446
11902
12411
12981
10491

122157
129270

1A3bi 1A3bii
Gas fuel Liquid fuels
1472.3 2300.1
1599.4 2579.2
1588.8 2556.6
1617.8 2614.7
1614.9 2649
1621.5 2640.6
1675.9 2739.8
1395.2 2198.5
1395.2 2410.2
1.395.2 2.260.1
1395.2 2005.2
1249.3 2229.9
1489.4 1868.6
1987.7 2156.3
1.953 1.656.9
1987.7 2971.0
2634 3980
1599.6 3464.3
1543.1 3553.6
1693 4168.3
726.0 2122.0
717.0 2826.0
734.0 2288.0
737.0 1994.0
742.0 2077
722.4 2170.5
NA 33425
NA 52933
NA 28354

1A3biii
Liquid fuels
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
11910
128%
133088
152272

Table52 Activity data for source category 1.A.3.b Road transport 6122
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NFR code

1A3Dbi

1A3Dbii

1A3Dbiii

Fuel
Gasoline
Diesel
LPG
Gasoline
Diesel

Gasoline

1A3biv
Liquid fuels
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
68.2
133
27.4
45.0

Fuel consumptionTJ]

3969
6988
1970
82
2753
24
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NFR code Fuel Fuel consumptionTJ]

Diesel 14094
CNG 78
1A3biv Gasoline 45

Emission factors
Default emission factors for the basic pollutants, lead and particulates were taken from GBT2609
1 emission factorgor the period 1992004

Tier 3 approach used for the period 262622 usegemission factors for calculating exteand non

exhaust emissions for NOx, SOx, NMVOC, NH3, PM2.5, PM10, TSP, BC, CO, Pb, Cd, Hg, As, Cr, Cu, Ni,
Se, Zn, dioxins/furans and PAHs (benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
indeno(1,2,3cd)pyrene), HCB, P@Bdefault emissiotiactors offered by the COPERT 5 (version 5.5.1).

Sulfur dioxide emissions are estimated by using the sulfur content in different periods as presented in
Table70.

Table53 Emission factor for source category 1.A.3.Road Transporused for calculation of
emissions in the period 1992004 by use of Tier Inethodology

Fuel NOXx NMVOC NHs TSP CO As
NFR code
Unit g/kg fuel g/kg fuel g/kg fuel g/kg fuel g/kg fuel /
Gasoline 14.50 14.00 0.173 0.037 132.00 /
1A3bi Diesel 11.00 1.10 0.018 1.70 4.70 /
LPG 15.00 10.00 0.173 / 68.00 /
Gasoline 24.00 14.00 0.14 0.03 155.00 /
1A3bii
Diesel 15.00 1.75 0.014 2.80 11.00 /
1A3Dbiii Diesel 37.00 1.60 0.015 1.20 8.00 /
1A3biv Gasoline 9.50 114.00 0.063 2.70 490.00 /
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4.5.1.1.2 Sourcespecific uncertainties and tirreeries consistency

Tier 3 methodology has been used for calculation of the emissmmnhé period 20052022, while
the calculation of the emissions ftre previous years is done by use of Tier 1 method whielsents
atrend of inconsistency in this sector.

Acquired data for the fleet composition in Republic of North Macedonia is aleaftatthe years 2005

2022, and an external Consultant was engaged to calculate and improve the methodology of activity
data and perform QA/QC analysis of the registered vehicle database. Previously the data was
preliminary quality checked by introducingaol for automatic and manual data validatiofhe 2022

vehicle database underwent a thorough quality check, involving a manual examination to identify and
correct inconsistencies and errors. This process not only addressed the existing issues but also
implemented a mechanism to apply these corrections to the entire vehicle fleet for each subsequent
year. Going forward, the focus will be on checking only the newly registered vehicles in the upcoming
years.

During the assessment and elaboration of the vighitata andts translation into the COPERT model,
few issues has been identified and underlined as possible gaps and limitations in the national vehicle
fleet database.

The database has significant number of unreliable entries. More specifically, signifizaber of

heavyduty vehicles/tracks are recorded as vehicles operating on petrol, which is not possible for
vehicles of that certain type, since the petrol engines are not technologically appropriate for heavy

duty vehiclesThe database contains significant amo@# & (22 KSIF geé¢ @SKAOf Sa
payload or vehicle weight entried-urthermore, a considerable number of motorcycles were
previously misreported as diesdtiven, and this error was underestimated in past reports. This
discrepancy wasorrected in the 2022 report, resulting in a notable increase in the count of
motorcycles running on petrol and a corresponding shift in emissions for this Maaual evision

and correctiorof the inconsistenaind inappropriate entries was done.

The estimation othe mileage may entail some degree of uncertainty. Nevertheless, the magnitude of
the mileage amount estimated for each category of vehicles on national level is comparable with
information retrieved in other countries in Europe.

The activity data uncertaty was estimated to be 10 % (rating C. cf. chapter 1.7); the emission factor
uncertainty for NOx. NMVOC and PM2.5 was estimated to be 20 % (rating A. cf. chapter 1.7%), for SO
and was estimated to be 40% (rating B) and foiH(125% rating C).

4.5.1.1.3Sourcespedfic QA/QC and verification

The activity data has been a subject to QA/QC procedures. The consumption of fuel each year has
been cross checked with the previous year and compared. The calculation of the emissions using Tier
3 approach was cross checkedumsing reverse process to calculate the emissions from the total fuel
guantities, taken from the Energy Balance of the Republic of North Macedonia as part of Statistical
yearbook. This amount sdeen distributed to the relevant SNAP subgroups in percentgending

(as stated above) on the number and type of vehicles in the Republic of North Macedonia.

EF from GB 2016 were inserted in the excel calculation sheet and rechecked. Calculated emissions per
NFR category by use of vehicles numbers and mileage evesschecked with fuel consumption data
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from the energy balance in road transport sector. There are differences between the energy balance
fuel consumption and calculations done byttom-up approach but this is expected due to the fact

that consumptionfrom tourists that are passing through our country is not excluded and additionally
there is some percentage of not registered cars especially in the rural environment.

4.5.1.1.4Sourcespecific recalculations including changes made in response to the reviewsproces
No recalculationsvere donein this category.

4.5.1.1.5Sourcespecific planned improvements including those in response to the review process

TheMinistry has obtained the VIN number of each vehicle entry in the vehicle database, that will allow
the QA/QC procedure to be done once for the whole vehilget andallow just a yearly QA/QC
procedure for the newly registered vehicles each year. Whisignificantly improve the quality of the
transport sector emission calculation. This task is to be revised each year and it is expected that it will
improve the consistency of the database.

4.5.1.2.Gasoline evaporation (from vehicles)FR 1.A.3.b.v

This chapter provides the methodology, emission factors and relevant activity data to enable
evaporative emissions of NMVOCs from gasoline vehicles (NFR code 1.A.3.b.v) to be calculated. The
G§SNY WS@I L} Nlefers © e stinf éf aflielke2atedNRIVOC emissions not deriving from

fuel combustion.

Most evaporative emissions of VOCs emanate from the fuel systems (tanks, injection systems and fuel
lines) of petrol vehicles. Evaporative emissions from diesel vehicles are considered negligible, due to
the presence of heavier hydrocarbons and the relatively low vapor pressure of diesel fuel and can be
neglected in the calculations.

4.5.1.2.1 Methodological issues
Tier 1 methodology is used to calculate evaporative emissions for the period2D@20

The Tier 1 approdcfor calculating evaporative emissions uses the general equation from EMEP/EEA
Guidebook 2013:

(0] 0O OO0Og oo@u

Where:

BE/oc= the emissions of ®@C (g/year);

N,=the number of vehicles in category j.

ERocj= the emission factor of VOC for vehicle categdgpehicle/day).

j = the vehicle category (passenger cars, ity vehicles and twavheel vehicles. i.e.[5])

Tier 3 method is used to calcululate evaporative emissions for the period2U0K using @ert 5
model

Activity Data
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The number of vehicles in category PCs and TWs are taken directly from the statistical yearbooks for

the period 19962004[22] and MOI database fdhe period2005 - 2022.

Table54 Activity data forsource category 1.A.3.vGasoline evaporation for Tier 1 calculation

Year
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Emission factorsised for Tier 1 methodology

Passenger cars (PCs)

196282
212340
238032
246638
223845
243175
241572
245979
245532
246537
254811
263294
261609
254999
195915

For the calculation of emissions for emission parameters from -289d, the used emission factors
were taken from the GB 2008IMVOC emission factors for gasoline fueled road vehialesn daily

0 SYLISNI (dzNBE NI y 3 Sweke&ondidek@ddiyisRemission fac®r waspckosen because
calculated average annual tempéuae was 13.7C according to the automatic meteorological station

Lightduty vehicles (LDVs) Two-wheel vehicles (TWVs)
4500 1523
4729 1489
5601 2238
5841 2448
5065 1183
5678 1879
5629 2203
5757 2803
5832 2907
5814 2858
6032 3040
6312 3654
5872 2379
5532 1746
4340 1203

under responsibility of HMA Hydro Meteorological Administration.

These emission factors are presentedable below.

Table55 Evaporative emissions emission facgsource category 1.A.3.bvGasoline evaporation for
gasoline fueled road vehicles 4 KSy RIFAf & GSYLISNI GdzZNBE NI y3IS Aa

Pollutant

NMVOC

NMVOC

NMVOC
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Vehicle type

Gasoline PCs

Value

14.8

Gasoline LDVs 22.6

Two-wheel
vehicles

3.0

Unit

g/vehicle/day

g/vehicle/day

g/vehicle/day

References

GB 2009 1.A.3.b@asoline evaporation. Table23 pg. 9
evaporative emissions emission factors for gasoline fuele
road vehicles when daily temperature range is around 1
G2 wp c/ o

GB 2009 1.A.3.b.v Gasolawaporation. Table-2. pg. 9
evaporative emissions emission factors for gasoline fuele
road vehicles when daily temperature range is around 1
G2 wp c/ o

GB 2009 1.A.3.b.v Gasoline evaporation. Tal2lep. 9
evaporative emissions emission factors for gasoline fuele
road vehicles when daily temperature range is around 1
G2 wp c/ @
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4.5.1.2.2 Sourcespecific uncertainties and tirreeries consistency
No specific uncertainty calculations are performed in this category.

4.5.1.2.3Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source catgigamctivity data were checked

for plausibility and timeseries consistency; emission data were checked for completeness and for
consistency between the calculation files, NFR tables and th&iflkRage between excel sheet for
vehicles numbers and calculaticheet for this category was implemented.

4.5.1.2.4Sourcespecific recalculations including changes made in response to the review process
No recalculations were carried out in this category.

4.5.1.2.5Sourcespecific planned improvements including those in response trethew process
No planned improvments in this category.

4.5.1.3.Road vehicle tire and brake wear NFR 1.A3.b.vi and road surface Mfe€arl.A.3.b.vii

This chapter covers the emissions of particulate matter (PM) which are due to road vehicle tire and
brake wear(NFR code 1.A.3.b.vi) and road surface wear (NFR code 1.A.3.b.vii). PM emissions from
vehicle exhaust are not included. The focus is on primary particlesother words, those patrticles
emitted directlybecause othe wear of surfaces and not those reglting from the resuspension of
previously deposited material.

4.5.1.3.1 Methodological issues
Tier 1 method of calculation road vehicle tire and brake wear was used for the perioe20090

To calculate emissions of TSP, PM10 or PM2.5 from (i) brake and tirecawdined and (ii) road
surface wearan equation can be used. This equation can be used to estimate emissions for a defined
spatial and temporal resolution by selecting appropriate values for the fleet size and the activity
(mileage). Emission factorseagiven as a function of vehicle category alone. Total traffic generated
emissions for each of the NFR codes can be estimated by summating the emissions from individual
vehicle categories.

4% . - %&

where:

TE= total emissions of TSPM10 or PM2.%or the defined time period and spaliboundary [g]
N, = number of vehicles in category j within the defined spatial boundary

M;= average mileage driven per vehicle in categomyring) the defined time period [km]

ER; = mass emission factor for pollutant i and vehicle category j [g/km]

The indices are:

i =TSP, PM10, PM2.5

] = vehicle category (twavheel vehiclepassenger cafight-duty truck heavyduty vehicle).
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Twaowheel vehicles correspond to mopeds and motorcycles. Passenger cars are small or larger family
cars used mainly for the carriage of people. Lidnty trucks include vans for the carriage of people
or goods. Heawguty vehicles correspond to trucks,hanbuses,and coaches.

Tier 3 method was used for the period 202@22, by using COPERT 5 model.

Activity Data

The activity data on the number of vehicles for the category Passenger cars and Motorcycles have
been taken from the publicatioa ¢ NI ya LI2 NIi 'y R O2 YYdzy x2004 e8] and ¢ T 2 NJ
from the chapter Transport from the Statistical yearbook for the period 1B%IR[22], and for the

period 20052022, data from the MOI databasgasused.

For the period 1992004, he numbe of Heavyduty (HDV) vehicles has been calculated as the sum

of the numbers of Buses + Goods vehicles + Road tractors. Information on the number of Light duty
vehicles (LDV) murrentlynot available. In the previous years there was, however, a categigd
GO2YYSNDOALFE OSKAOf Sa¢ Ay GKS {dFrGadAradGagAaAort &SI Nb:
represent LDVs. For the last available year 2002 the published shares were taken to calculate LDVs as
LI NG 2F GKS G20l f a3I22Ra OSKAOf Saé oLt &8 ONBBSR?2
G2 GKS FT2NXSNJ GaLISOAlLET @GSKAOt Saeg¢d ,SINIeé& VYAtSt
Mechanical Faculty of Skopje.

Table56 Activity data for the source categories 1.A.3.bvRoad vehicle tire and brake wear and
1.A.3.b.vii Road surface wear

Year 2W x Mileage [km] PCs x Mileage [km] LDTs x Mileage [km] HDVs x Mileage [km]
1990 5596151 1623758097 364624335 357046031
1991 5473324 1756600415 383221612 379976496
1992 8223466 1969141086 453867724 434940721
1993 8996382 2040332747 473265390 466679239
1994 4346903 1851778276 410458384 416094438
1995 6905315 2011681586 460129592 474896809
1996 8097643 1998418463 456104105 474355532
1997 10302550 2034879739 466462083 479719096
1998 10683017 2031178729 472582705 485673143
1999 10503269 2039495446 471076090 496449478
2000 11171332 2107943013 488778815 543737410
2001 13430164 2178121470 511472201 599046084
2002 8741739 2164182878 475831344 629308392
2003 6417000 2109498000 448265000 654650000
2004 4140000 1774428000 358100000 615340000

Emission factors

Tablesb7 and 58 summarizethe emission factors used for the calculation of particulate emisdions
the period 19962004, for which Tier 1 method was appliddhe emission factors for the period 2605
2022 are integrated in the COPERT 5 model.
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Table57 Emission factors for source category 1.A.3.b.®Road vehicle tire

Pollutant

TSP

PM10

PM2.5

TSP

PM10

PM2.5

TSP

PM10

PM2.5

TSP

PM10

PM2.5

Vehicle type

Twowheelers

Twowheelers

Twowheelers

Passenger cars

Passenger cars

Passenger cars

Light duty trucks
Light duty trucks
Light duty trucks
Heavy duty
vehicles

Heavy duty
vehicles

Heavy duty
vehicles

Value

0.0083

0.0064

0.0034

0.0182

0.0138

0.0074

0.0286

0.0216

0.0177

0.0777

0.0590

0.0316

Unit

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

References

GB20191.A.3.b.vi Road vehicle tire and brake we
1.A.3.b.vii Road surface wear Tabié g 14

GB 2019 1.A.3.b.vi Road vehicle tire and brake w
1.A.3.b.vii Road surface wear Tabié g 14

GB 2019 1.A.3.b.vi Road vehicle tire and brake w
1.A.3.b.vii Road surface wear Tabi& Bg 14

GB 2019 1.A.3.b.vi Road vehicle tire and brake w
1.A.3.b.vii Road surface wear Tabié g 14

GB 2019 1.A.3.b.vi Road vehicle tire and brake w
1.A.3.b.vii Road surface wear Tabi& Bg 14

GB 2019 1.A.3.b.vi Road vehicle tire and brake w
1.A.3.b.vii Road surface wear Tabié g 14

GB 2019 1.A.3.b.vi Road vehicle tire and brake w
1.A.3.b.vii Roadwsface wear Table-2 pg 14

GB 2019 1.A.3.b.vi Road vehicle tire and brake w
1.A.3.b.vii Road surface wear Tabié Bg 14

GB 2019 1.A.3.b.vi Road vehicle tire and brake w
1.A.3.b.vii Road surface wear Tabié g 14

GB 2019 1.A.3.b.vi Road vehicle tire and brake w
1.A.3.b.vii Road surface wear Tabi& Bg 14

GB 2019 1.A.3.b.vi Road vehicle tire and brake w
1.A.3.b.vii Road surface wear Tabié fg 14

GB 2019 1.A.3.b.vi Road vehicle tire and brake w
1.A.3.b.vi Road surface wear Tablel3g 14

Table58 Emission factors for the source category 1.A.3.bvii Road surface wear

Pollutant

TSP

PM10

PM2.5

TSP

PM10

PM2.5

TSP

PM10

PM2.5

Vehicle type

Twowheelers

Twowheelers

Twowheelers

Passenger cars

Passenger cars

Passenger cars

Light duty
trucks
Light duty
trucks
Light duty
trucks

Value

0.006

0.003

0.0016

0.015

0.0075

0.0041

0.015

0.0075

0.0041

Unit

References

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

g km1 vehiclel

GB 2019 1.A.3.b.vi Road vehicle tire and

1.A.3.b.vii Road surface wear Tabié Bg 14

GB 2019 1.A.3.b.vi Road vehicle tire and

1.A.3.b.vii Road surface wear Tabié fg 14

GB 2019 1.A.3.b.vi Road vehicle tire and

1.A.3.b.vii Road surface wear Tabié fg 14

GB 2019 1.A.3.b.vi Road vehicle tire and

1.A.3.b.vii Road surface wear Tabié fg 14

GB 2019 1.A.3.b.vi Road vehicle tire and

1.A.3.b.vii Road surface wear Tabié fg 14

GB 2019 1.A.3.b.vi Road vehicle tire and

1.A.3.b.vii Road surface wear Tabié fg 14

GB 2019 1.A.3.b.vi Road vehicle tire and

1.A.3.b.vii Road surface wear Tabié fg 14

GB 2019 1.A.3.b.vi Road vehicle tire and

1.A.3.b.vii Road surface wear Tabié fg 14

GB 2019 1.A.3.b.vi Road vehicle tire and

1.A.3.b.vii Road surface wear Tabié fg 14
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brake w

brake w

brake w

brake w

brake w

brake w

brake w

brake w

brake w
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Pollutant Vehicle type Value Unit References

Heavy duty . GB 2019 1.A.3.b.vi Road vehicle tire and brake w
Tsp vehicles 0.076 g kml vehiclel 1.A.3.b.vii Road surface wear Tabi& Bg 14

Heavy duty . GB 2019 1.A.3.b.vi Road vehicle tire and brake w
PM10 vehicles 0.038 g kml vehiclel 1.A.3.b.vii Road surface wear Tabi& Bg 14

Heavy duty . GB 2019 1.A.3.b.vi Road vehicle tire and brake w
PM2.5 vehicles 0.0205 g km1 vehiclel 1.A.3.b.vii Road surface wear Tabié g 14

4.5.1.3.2.Sourcespecific uncertainties and tirrseries consistency
No specific uncertainty calculations are performed in this category.

4.5.1.3.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category i.e. activity data were checked
for plausibility and timeseries consistency;ngission data were checked for completeness and for
consistency between the calculation files, NFR tables and th&itkage between excel sheet for
vehicles numbers and calculation sheet for this category was implemented.

4.5.1.3.4Sourcespecific recalculatioriacluding changes made in response to the review process
No recalculations were carried out in this category.

4.5.1.3.5S0urcespecific planned improvements including those in response to the review process
Sincedifferent methodology is used for period 192004 and 2012022 there is need to use Tier 3
for whole time series.

4.5.2. Aviation

Methodological issues, activity data and emission factors can be found bdistinguished by
domestic and international landingnd takeoff (LTO) and cruise. Planned improvements, QA/QC
Recalculations and Uncertainties for the whole sector 1.AzBeashown at the end of this chapter.

4.5.2.1.International aviation LTONFR 1.A.3.ai(i)

4.5.2.1.1 Methodological issues

The approach is based oretimumber of flights which are available in the BC's transport statistics. The
ydzYo SN 2F FEAIKGA 6SNB RADGARSR Ayd2 aGAYOGSNYIl GA2
GhiGKSNJ 2LISNY GA2yaé KIF @S I+ &Kl NB taprivagjetsrdnning2 G F £ |
internationally on kerosene operate these flights.

Activity Data

The Number of LTO was taken from the publication Transport and communications for the period
2005201426]. For the previous years, surrogate method has been uBeel estimates of the activity
data were related to the passenger numbers. MEPP hat &fénial request to the TAV airport in
Skope andthe civil aviation agency (CAA) of Reflof North Macedoniaegarding jumps in 1999

and 2®0 onLTCObut did notreceive answer.
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Table59 Activity data for source category 1.A.3.6) - International aviation LTO civil (humber of
LTO)

Year Number of LTO Year Number of LTO Year Number of LTO
1990 11 986 2002 12 767 2014 13 968
1991 11 297 2003 12170 2015 15585
1992 10 539 2004 11 986 2016 16879
1993 14 581 2005 13 204 2017 18130
1994 14 351 2006 13 509 2018 19756
1995 14 305 2007 14174 2019 21797
1996 12 307 2008 14 323 2020 9162
1997 11 067 2009 12 800 2021 14988
1998 13 249 2010 12721 2022 19448
1999 24156 2011 11873

2000 23168 2012 11284

2001 11664 2013 12380

Emission factors
The calculation of emissions for emission parameters from 2822 were used emission factors
taken from GB 2013. The used emission factors are presenieabile60.

Table60 Emission factors for source category 1.A.3i International aviation LTO civil
Pollutant  Value  Unit References
NOx 26 Kkg/LTO GB2013 1.A.3.a.1.A.5.bAviation. TakBefy. 9 (LTO (kg/LTO)average fleet (B767)
NMVOC 0.2 kg/LTO GB2013 1.A.3.a.1.A.Bbiation. Table3. pg. 9 (LTO (kg/LTO)average fleet (B767)

SOx 1.6 kg/LTO GBZ2013 1.A.3.a.1.A.5.bAviation. Tai8e®y. 9 (LTO (kg/LTO)average fleet (B767)
PM2.5 0.15 Kkg/LTO GB 2013 1.A.3.a.1.A.Bbiation. Table3. pg. 9 (LTO (kg/LTO)average fleet (B767)
CcO 6.1 Kkg/LTO GB2013 1.A.3.a.1.A.5.bAviation. TalBel®. 9 (LTO (kg/LTO)average fleet (B767)

4.5.2.2 International aviation cruise (CiWiiNFR 1.A.3.ai(ii)
The aircraft data othe national flight authority shows a relatively new fleet compositionTier 1
emission factors of average fleet are feasible.

4.5.2.2.1 Methodological issues
The total fuel consumption was calculated as sum from gasoline consumption and LTO fuel. The LTO
fuel corsumption is calculatedccording tahis equation:

LTO fuel = number of LTOs x fuel consumption per LTO (1617 kg/LTO).

Activity Data

The activity data for aviation gasoline consumption has been taken from the Energy statisties 2000
201023] for the period20052010 and from the Statistical yearbooks chapter energy balandidor
period 20112019 [22] For the period 200@2004 surrogate method has been used to calculate the
consumption related to the passenger numbers. The data is available in the Sihyiste books in

the Transport chapter for the period 1982004, as for the period 2068015 data is taken from the
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special publication Transport and other servig@s], while data after 2015 are taken from the
MAKSTAT databa§27].

Table61 Activity data for fuel consumption for source category 1.A.3.aifilhternational aviation
cruise (civil)

Year Total fuel (t) Year Total fuel(t) Year Total fuel(t)
1990 20648 2001 25104 2012 8112
1991 19461 2002 46844 2013 10144
1992 18156 2003 15973 2014 11946
1993 25118 2004 8882 2015 13371
1994 24722 2005 6 433 2016 15108
1995 24643 2006 4670 2017 19810
1996 21202 2007 6861 2018 22429
1997 19066 2008 6121 2019 26 473
1998 22824 2009 2772 2020 8637
1999 41612 2010 6867 2021 15771
2000 28266 2011 3652 2022 25913

Emission factors

Emission factorsvere taken from GB 2013 (Cruise (kgtt) average fleet (B767)). These emission
factors are given iifable62 below.

Table62 Emission factors for 1.A.3.ai(i#)international aviation cruise (civil)
Pollutant =~ Value Unit References
NOx 12.8 kg/tfuel GB 2013 1.A.3.a.1.A.5.b Aviation. Tat8e[®y. 9 (Cruise (kg/t) average fleet (B767)
NMVOC 0.5 kg/tfuel GB2013 1.A.3.a.1.A.Bbiation. Table 3. pg. 9 (Cruise (kg/t) average fleet (B767)

SOx 1 kg/tfuel GB 2013 1.A.3.a. 1.A.5.b Aviation. Tal8ef3y. 9 (Cruise (kgh) average fleet (B767)
PM2.5 0.2 kg/tfuel GB2013 1.A.3.a.1.A.Bhiation. Table 3. pg. 9 (Cruise (kg/t) average fleet (B767)
CcO 1.1 kg/tfuel GB 2013 1.A.3.a.1.A.5.bAviation. TalBefd. 9 (Cruise (kgh) average fleet (B767)

4.5.2.3.Domestic aviation cruiseNFR 1.A.3.aii(ii)

4.5.2.3.1 Methodological issues

The cruse fuel is calculated accordinghe followingequation:
Cruise fuel = total fuel consumptian LTO fuel consumption

The LTO fuel consumption is calculated accortirthe followingequation:
LTO fuel = number of LTOs x fuel consumption per 1810 kg/LTO)

Activity Data

The activity data for calculation of total fuel consumption is taken from the Energy balance from the
Statistical yearbooks 199109921], as well as from the publication Energy statistics 2000(24].

Data on jet fuel and avimn gasoline consumption are available starting from 2005. For the period
19902004, surrogate method has been used. The estimates of the activity data were related to the
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passengenumbers. The sources of number of LTO have been discussed in the pahdpter. Table

59 provides the Tier 1 calculated activity data.

Domestic Cruise is not occurring (NO) in North Macedonia as there are no flight movements with
kerosene within the country. All flight movements with kerosene are international.

Table63 Activity data for source category 1.A.3.aii(iDomestic aviation cruise (civil)

Year Fuel consumption (t) Year Fuel consumption (t) Year Fuelconsumption (t)
1990 NO 2001 NO 2012 NO
1991 NO 2002 NO 2013 NO
1992 NO 2003 NO 2014 NO
1993 NO 2004 NO 2015 NO
1994 NO 2005 NO 2016 NO
1995 NO 2006 NO 2017 NO
1996 NO 2007 NO 2018 NO
1997 NO 2008 NO 2019 NO
1998 NO 2009 NO 2020 NO
1999 NO 2010 NO 2021 NO
2000 NO 2011 NO 2022 NO

Emission factors

Emission factors were takdnom GB 2013 for all reportinime period. These emission factors are
given h Table64 below.

Table64 Emission factors for NFRL.A.3.aii (ii)

Pollutant Value Unit References
NOXx 4 kglt fuel GB 2@3 1.A.3.a. 1.A.5Aviation. Table 3. pg. 20
Cco 1200 ka/t fuel GB 2023 1.A.3.a. 1.A.5.b Aviation. Table&y. 20
NMVOC 19 ka/t fuel GB 2023 1.A.3.a. 1.A.5.b Aviation. Table 3. 20
TSP 0 kg/t fuel GB 2023 1.A.3.a. 1.A.Bbiation. Table 3. pg. 20
PM10 0 kg/t fuel GB 2023 1.A.3.a. 1.A.5.b Aviation. Tabke 3. 20
PM2.5 0 kg/t fuel GB 2023 1.A.3.a. 1.A.5.b Aviation. Tabkle 3. 20
SQ 1 kgt fuel GB 2023 1.A.3.a. 1.A.Rbiation. Table 3l. pg. 20

4.5.2.3.2 Sourcespecific uncertainties and tirreeries consistency

The activity data uncertainty was estimated to be 10% (rating C. cf. chapter 1.7); the emission factor
uncertainty for NOx, NMVOC and PM2.5 was estimated to be 48tiig(B. cf. chapter 1.7) for 50

and was estimated to be 20% (rating A).

4.5.2.3.3Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category i.e. activity data were checked
for plausibility and timeseries consisterng emission data were checked for completeness and for
consistency between the calculation files. NFR tables and the IIR, Info sheet was inserted in the excel
calculation files and data on fuel consumption were linked with energy balance. The consuniption o
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kerosene in military has been deducted from consumption of kerosene in aviation in order not to
report double consumption in two different NFR for the period 2@022 for which emissions in
1.A.5.b are estimated.

4.5.2.3.4Sourcespecific recalculations includinganges made in response to the review process
No recalculations were done in this category.

4.5.2.3.5.Sourcespecific planned improvements including those in response to the review process
Check and bange ofusedEF with EF frorthe GB 2023

4.5.3. RailwaysNFR 1.A.3.c
Thischapter covers emissions from rail transport and concerns the movement of goods or people by
rail. Railway locomotives generally are one of three types: diesel, electric or less frequently steam.

Diesel locomotives either use only diesel engines, for pigdpni or in combination with an ehoard
alternator, or generator to produce electricity which powers their traction motors (dieksdtric).
These locomotives fall in three categories:

- shunting locomotives;

- rail-cars;
- line-haul locomotives;

4.5.3.1.Methodology
The Tier 1 approach for railways is a fbelsed methodology and uses the general equation:

A ¢ A Ag

O

Where:

E = emissions of pollutant i for the period concerned in the inventory (kg or g)
FG = fuel consumption of fuel type m for theeriod and area considered (tons)
ER= emission factor of pollutant i for each unit of fuel type m used (kg/tons)
m = fuel type (diesebas oil) [5].

The Tier 2 approach is based on apportioning the total fuel used by railways to that used by different
generic locomotivetechnology types as the measure of activity.lt assumes that the fuel can be
apportion for example using statistics on the number of locomotives, categorised by type, and their
average usage, e.g. from locomotive maintenareeords.For this approach the algorithm used is:

no os oW

where:

E= emissions of pollutant ifor the period concerned in the inventory (kg or g);
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FGmn= fuel consumption of fuel type mused by category jfor the period and areaconsidered
(tonnes);

EFR;n= emission factor of pollutantifor each unit of fuel type mused by category j(kg/tonnes);
m = fuel type (diesel, gas oil);
j = locomdive category (shunting, radar, linehaul)

Activity Data

The activity data for the diesel oil consumption for the period 1990, 2982 was taken from the
chapter Energy balance from the Statistical yearbooks for the related ge2dd-or the period 1991

1998, an approach has been developed to complete lacking years in the time series by use of
passenger km used as surrogate data.

Tale 65 Activity data for diesel fuel consumption in source category 1.A.8Railwaysg Tier 1

Diesel fué consumption Diesel fuel consumption

Year i Year Diesel fuel consumption [t] Year [

1990 7300 2001 3373 2012 3169
1991 5932 2002 2328 2013 2616
1992 3233 2003 2000 2014 2616
1993 1958 2004 2138 2015 1877
1994 1987 2005 2607 2016 2008
1995 1928 2006 3597 2017 2035
1996 3559 2007 3736 2018 2193
1997 4182 2008 3701 2019 2562
1998 4449 2009 3634 2020 1016
1999 3957 2010 3580 2021 1209
2000 4212 2011 3734 2022 1104

For 202 the Ministry of transport and communication has provided activity data needed for
implementation of Tier 2 methodology.

Table66 Activity data for diesel fuel consumption in source category 1.A.8Railwaysfor 2020¢
2022 Tier 2

Year Category Diesel fuel consumption [t]
2020 Linehoul locomotives 519
Rail cars 497
2021 Linehoul locomotives 604
Rail cars 605
2022 Linehoul locomotives 478
Rail cars 626

Emission factors

Emission factors from GB 28 are used in calculating themissions forthe period 19902022
Emission factors used are presented in Trable67 below.
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Table67 Emission factors for source category 1.A.Railways

Pollutant
NOx
CcoO
NMVOC
NH
TSP
PM10
PM2.5
Cd
Cr
Cu
Ni
Se
Zn
Benzo(a)pyrene

Benzo(b)fluorant
hene

NOx

Co

NMVOC

NH3

TSP

PM10

PM2.5

NOx

Cco
NMVOC
NH3
TSP
PM10
PM2.5

Page 147

Value
524
10.7
4.65

0.007
1.52
1.44
1.37
0.01
0.05

1.7
0.07
0.01
1
0.03

0.05

63

18

4.8

10

1.8

11

12

39.9
10.8
4.7
10

11
15

Unit
kot fuel
kglt fuel
kglt fuel
kglt fuel
kglt fuel
kot fuel
kot fuel
g/t fuel
g/t fuel
g/t fuel
g/t fuel
g/t fuel
g/t fuel
g/t fuel

g/t fuel

ka/t fuel

kg/t fuel

kg/t fuel

ka/t fuel

kg/t fuel

kalt fuel

kg/t fuel

kglt fuel
kglt fuel
kalt fuel
kalt fuel
kalt fuel
kalt fuel
kglt fuel

Tier
Tier 1
Tier 1
Tier 1
Tier 1
Tier 1
Tier 1
Tier 1
Tier 1
Tier 1
Tier 1
Tier 1
Tier 1
Tier 1
Tier 1
Tier 1

Tier 2Line houl
locomotives

Tier 2Line houl
locomotives

Tier 2Line houl
locomotives

Tier 2Line houl
locomotives

Tier 2Line houl
locomotives

Tier 2Line houl
locomotives

Tier 2Line houl
locomotives

Tier 2Rail cars
Tier 2Rail cars
Tier 2Rail cars
Tier 2Rail cars
Tier 2Rail cars
Tier 2Rail cars

Tier2-Rail cars

References
GB 2@31.A.3.c RailwayJable 31, pg.
GB 2023 1.A.3.c Railways, Tablk Bg.
GB 2023 1.A.3.c Railways, Tablk Bg.
GB2023 1.A.3.c Railways, Tabld 3pg.
GB 2023 1.A.3.c Railways, Tablk Bg.
GB 2023 1.A.3.c Railways, Tablk Bg.
GB 2023 1.A.3.c Railways, Tablk Bg.
GB 2023 1.A.3.c Railways, Tablk Bg.
GB 2023 1.A.3.c Railways, Tablg Bg.
GB 2023 1.A.3.c Railways, Tablk Bg.
GB 2023 1.A.3Railways, Table-B, pg.
GB 2023 1.A.3.c Railways, Tablg Bg.
GB 2023 1.A.3.c Railways, Tablk Bg.
GB 2023 1.A.3.c Railways, Tablk Bg.

O 0 0 0 0 0 00 W W W W 0 0 o0 ©

GB 2023 1.A.3.c Railways, Tablk Bg.

GB 223, 1.A.3.c Railways, Table23pg9

GB 2@3, 1.A.3.c Railway3able 32, pg.9

GB 2@3, 1.A.3.c Railways, Table23pg.9

GB 2@3, 1.A.3.c Railways, Table23pg.9

GB 2@3, 1.A.3.c Railways, Table23pg.9

GB 2@3, 1.A.3.c Railways, Table23pg.9

GB 223, 1.A.3.c Railways, Table23pg.9

GB 2@3, 1.A.3.c Railways, Table23pg9
GB 2@23, 1.A.3.c Railways, Tablel3pg.10
GB 2023, 1.A.3.c Railways, Table g. 10
GB 2023, 1.A.3.c Railways, Table g. 10
GB 2023, 1.A.3.c Railways, Table g. 10
GB 2023, 1.A.3.c Railways, Table 8g. 10
GB 2023, 1.A.3.c Railways, Tablg Bg. 10
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4.5.3.2.Sourcespecific uncertainties and tirseries consistency

The activity data uncertainty was estimated to be 10% (rating C. cf. chapter 1.7); the emission factor
uncertainty for NOx, NMVOC aRiM2.5 was estimated to be 40% (rating B. cf. chapter 1.7), fer NH
was estimated to be 125% (rating D).

4.5.3.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category. i.e. activity data were checked
for plausibiity and timeseries consistency; emission data were checked for completeness and for
consistency between the calculation files, NFR tables and the IR, Info sheet was inserted in the excel
calculation file and data on fuel consumption were linked withrggdalanceActivity data were also
checked in the MAKSTAT database.

4.5.3.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this category.

4.5.3.5.Sourcespecific planned improvements including thoseesponse to the review process
National inventory teanmas providedietailed data from Macedoniamailways andconduced Tier 2
methodologyfor 20202022 and will make effort to implement Tier 2 methodology on whole time
series in the future submisgis.

4.5.4. National navigation using diesel fuel od NFR 1.A.3.d.ii

Emissions from fuels used by vessels of all flags that depart and arrive in the same country (excludes
fishing) includes small leisure boats. Republic of North Macedonia has three natural lakeslybut
Ohrid Lake offersourist boat transport There wereonly four boatsin 2022. Emissions from fuel
consumption are calculated and presented below.

There is no international/maritime navigation (bunkers fuelsp the source category International
YENRGAYS o0dzy1SNE NB NBLRZNISR Fa dabhéo

4.5.5. Methodological issues
See chapted.4.1

Activity Data

¢KS 1OGAGAGeE RFEGF 2y RASaSt O2yadzYLliaAzy Ay t11S
hKNARE GAOGKAY (GKS FNIYSa 2F (GKS aAyArAadNER 2F ¢ N
Twinning project the data gapsere filled by using the number of boats and passenger km in lake
transport. All data were taken from the Statistical yearbapkhapter transport. Data on sulfur

content was reported by the Ministry of Economy.

Table68 Activity data for dieselconsumption for source categor¥.A.3.d.ii- National navigation-
using diesel fuel 0ilL990-2022

Diesel fuel consumption Diesel fuel consumption Diesel fuel consumption

Year i Year It Year It

1990 87.93 2001 7.96 2012 61.18
1991 15.65 2002 26.47 2013 41.38
1992 10.96 2003 12.93 2014 50.43
1993 7.08 2004 6.26 2015 59.55
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Diesel fuel consumption

Year It Year
1994 10.00 2005
1995 21.71 2006
1996 8.71 2007
1997 6.47 2008
1998 25.52 2009
1999 18.03 2010
2000 21.85 2011

Emission factors

Diesel fuel consumption Diesel fuel consumption

It Year It
19.06 2016 61.11
21.57 2017 68.53
72.34 2018 73.63
174.22 2019 77.04
164.28 2020 25.59
111.06 2021 3825
57.85 2022 60.09

For the calculation of emissions for emission parameters from -282@ the used emission factors
were taken from GB 2®1[19]. These emission factors are givenlable69 below.

Table69 Emission factors for source category 1.A1B ¢ National navigation

Pollutant

NOx

Co

NMVOC

TSP

PM10

PM2.5

Pb

Cd

Hg

As

Cr

Cu

Ni

Se

Zn
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Value

78.5

7.4

2.8

15

15

0.13

0.01

0.03

0.04

0.05

0.88

0.1

0.5

Unit

kglt fuel

kglt fuel

kglt fuel

kalt fuel

kglt fuel

kalt fuel

kglt fuel

g/t fuel

g/t fuel

g/t fuel

g/t fuel

g/t fuel

g/t fuel

g/t fuel

g/t fuel

References

GB 2019 1.A.3.d.i, 1.A3.d.ii, 1.A.4.c.ii International navigatic
national navigation, national fishing, Other Mobile, Tab{? Bg. 15

GB 2019, 1.A.3.d., 1.A.3.d.ii, 1.A.4.c.ii International navigal
nationalnavigation, national fishing, Other Mobile, Tabl2,3g. 15

GB 2019, 1.A.3.d., 1.A3.d.i, 1.A.4.c.ii International navigal
national navigation, national fishing, Other Mobile, Tabi2, pg. 15

GB 2019, 1.A.3.d., 1.A.3.d.ii, 1.A.4.c.ii International navigal
national navigation, national fishing, Other Mobile, Tabi2, pg. 15

GB 2019, 1.A.3.d., 1.A.3.d.ii, 1.A.4.c.ii International navigal
nationalnavigation, national fishing, Other Mobile, Tabl2,3g. 15

GB 2019, 1.A.3.d., 1.A3.d.i, 1.A.4.c.ii International naviga
national navigation, national fishing, Other Mobile, Tab2, pg. 15

GB 2019, 1.A.3.d., 1.A.3.d.ii, 1.A.4.c.ii International navigal
national navigation, national fishing, Other Mobile, Tabi2, pg. 15

GB 2019, 1.A.3.d., 1.A.3.d.i, 1.A.4.c.ii International navigal
national navigation, natioal fishing, Other Mobile, TableZ pg. 15

GB 2019, 1.A.3.d., 1.A.3.d.i, 1.A.4.c.ii International navigal
national navigation, national fishing, Other Mobile, Tab2, pg. 15

GB 2019, 1.A.3.d.il.A.3.d.i, 1.A.4.c.ii International navigatio
national navigation, national fishing, Other Mobile, Tabi2, pg. 15

GB 2019, 1.A.3.d., 1.A.3.d.ii, 1.A.4.c.ii International navigal
national navigation, national fishing, Other kite, Table 2, pg. 15

GB 2019, 1.A.3.d., 1.A.3.d.i, 1.A.4.c.ii International navigal
national navigation, national fishing, Other Mobile, Tabi2, pg. 15

GB 2019, 1.A.3.d.i, 1.A.3.d.ii, 1.A.4.cliiternational navigation,
national navigation, national fishing, Other Mobile, Tabi2, pg. 15

GB 2019, 1.A.3.d., 1.A.3.d.i, 1.A.4.c.ii International navigal
national navigation, national fishing, Other Mobile, Tab2, pg. 15

GB 2019, 1.A.3.d., 1.A.3.d.i, 1.A.4.c.ii International navigal
national navigation, national fishing, Other Mobile, Tabi2, pg. 15
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Pollutant Value Unit References

GB 2019, 1.A.3.d.i, 1.A3.d.i, 1.A.4.c.ii International navigal

PCDD/PCDF 013 ug FTEQA national navigation, national fishing, Other Mobile, Tab2, ®g. 15
GB 2019, 1.A.3.d., 1.A3.d.ii, 1.A.4.c.ii International navigal

HCB 0.08 moft fuel national navigation, national fishing, Other Mobile, Tabi2, pg. 15

PCBs 0.38 mglt fuel GB 2019, 1.A.3.d., 1.A.3.d.ii, 1.A.4.c.ii International navigal

national navigation, national fishing, Other Mobile, Tabi2, pg. 15

Table70 National content of sulfur in diesel used for calculation of SOx emissions 1.A.8.dii
National navigation

Period % (m/m)sulfur ppm (mg/kg) ppm
1990- 2006 0.2 2000 8
2006- 2007 0.035 350 1.4
2007- 2009 0.005 50 0.2
From 2009 onwards 0.001 10 0.04

Calculations
0.5 20

1990- 2006 0.2 8 0.2*20/0.5
2006- 2007 0.035 14 0.035*20/0.5
2007- 2009 0.005 0.2 0.005*20/0.5
From 2009 onwards 0.001 0.04 0.001*20/0.5

Fuel sulfur content data ygrovided by theMinistry of economy.

4.5.5.1.Sourcespecific mcertainties and timeeries consistency
No specific uncertainty analysis is done for this category.

4.5.5.2.Sourcespecific QA/QC and verification

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

4.5.5.3.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this category

4.5.5.4.Sourcespecific planned improvements including those in response to the review process
Change of emission factorgth 2023 EMEP/EEA Guidebook.

4.5.6. Other. Mobile (including military. land based and recreational baatélrR 1.A.5.b
Emissions from fuels used in the Military have been reported from 2015 onwards. For the previous
years (years before 2015) it is assumed ttiety are included elsewhere, namely within the NFR
categories 1.A.3bii, 1.A3biii and 1.A.3aii.

4.5.6.1.Methodological issues
See chapter 4.4.1

Republic of North Macedonia INFORMATIVE INVENTORY REPORT Page 150



Activity Data
The activity data on diesel consumption were obtained from the Ministry of defense. Reported data
for the years 2018022 are presented in the following table.

Table71 Activity data for liquid fuel and aviation gasoline consumption for source category 1.A.5.b
¢ Other, Mobile for 20152022

Type of fuel[tons] 2015 2016 2017 2018 2019 2020 2021 2022
Liquefied fuels 672 873 715 696 695 583 676 566
Aviation gasoline 22 166 364 284 460 310 372 459

Diesel fuel consumption has been reported in L and converted in tons by use of diesel density of
0.837kg/n?.

Emission factors
See table 7G&dnd 78.

4.5.6.2.Sourcespecific uncertainties and tirseries consistency
No specific uncertainty analysis is done for this category.

4.5.6.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category igtyadata were checked

for plausibility and timeseries consistency; emission data were checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

4.5.6.4.Sourcespecific recalculations including changes made in resportbe review process
No recalucaltions were done in this category.

4.5.6.5.Sourcespecific planned improvements including those in response to the review process
No planned improvements in this category.

4.6. Small Combustion and Neroad mobile sources and machinerg NFR
1.A4

This category includes emissions from commercial/institutionadjdential, and agricultural fuel
combustion, which is mainly for heating and hot water generation purpose.

4.6.1. Methodological issues

The Tier 1 methodolgy has been selected by using default emission factors from the Guidebook
2009/2016. The Tier 1 approach for process emissions from small combustion installations uses the
general equation:

(0] o'Y 00 g
where:

Bvolutant = the emission of the specified pollutant.

ARueiconsumption= the activity rate for fuel consumption.
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ERoiutant = the emission factor for this pollutant.

4.6.2. Sourcespecificuncertainties and timeseries consistency

Sourcespecific uncertainties are described below per category, considered the uncertainty of the
activity data and emission factors for 1.A.4.a, 1.A.4.b and 1.A.4.c. The jumps and deeps in the
emissions in this sor are mainly due correlation of fuel consumption with the temperature as well

as change of methodology in the energy balances over the years.

4.6.3. Sourcespecific QA/QC and verification

4.6.4. Sourcespecific recalculations including changes made in response dorekiiew
process

Standard QA/QC procedures were carried out for this source categapactivity data were checked

for plausibility and timeseries consistency; emission data were checked for completeness and for
consistency between the calculatiorel, NFR tables and the IIR. Recalculations were performed for
2022 emissions due to use of final data from energy balance for biomass, coal and liquédtueg
specific planned improvements including those in response to the review process

Use of higlr Tier level will be implemented in future submissions. Establishment of National
environmental information system is undergoing. When this system will be implemented detail data
from administrative capacities will be gathered and activity data for udagifer Tier level will be
available Currentlly the system is in testing phase for bugs, and it is planned to be put in use for the
next reporting round.

4.6.5. Commercial/Institutionag stationary combustiorgr NFR 1.A.4.ai

Within the Commercial/Institutionalestor, mainly liquid fuels are used. The amount of biomass and
coal has been reduced over the years while contribution of natural gas in overall combustion has
increased.

4.6.5.1.Methodological Issues

Activity data

Activity data for this sector has been tak&om the Statistical yearbooks chapter energy balance
for the period 1992022. For the period 1992998, activity data were taken from the GHGs
inventory.

Table72 Activity data forthe source category 1.A.4.&ommercial/lnstituional ¢ stationary
combustion

Year Biomass [TJ] Coal [TJ] Gaseous Fuels [TJ] Liquid Fuels [TJ]
1990 NA 144 NA 387
1991 NA 144 NA NA
1992 NA 243 NA NA
1993 NA 152 NA NA
1994 NA 152 NA NA
1995 NA 152 NA NA
1996 NA 152 NA NA
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Year Biomass [TJ] Coal [TJ] Gaseous Fuels [TJ] Liquid Fuels [TJ]

1997 NA 152 NA NA

1998 712 152 NA 2640
1999 712 607 NA 3322
2000 848 58 NA 998

2001 NA 33 NA 705

2002 NA 196 NA 9337
2003 321 246 NA 3407
2004 325 656 NA 2450
2005 209 193 120 5169
2006 351 178 112 4094
2007 334 207 103 3844
2008 436 27 95 2154
2009 610 16 77 3700
2010 528 20 79 3527
2011 220 4 83 1509
2012 357 52 91 1821
2013 196 62 109 1780
2014 279 21 198 1558
2015 181 24 226 1896
2016 174 27 235 2046
2017 190 34 265 1832
2018 184 27 248 1645
2019 180 24 240 1591
2020 183 20 244 1255
2021 253 16 285 951

2022 246 15 190 84

Emission factors
Emission factors are taken from @823 Emission factors for different type of fuels are presented in
tables73-76.

Table73 Emission factors for biomass f@ource category 1.A.4.aiCommercial/lnstitutionalq
stationary combustion

Pollutant Value Unit References
NOx 91 g/GJ GB2023Table 310 emission factor for source categdnA.4.a.i. page 39
NMVOC 300 g/GJ GB2023Table 310 emission factor for source category 1.A.4.a.i. page
SOx 11 g/GJ GB2023Table 310 emission factor for source category 1.A.4.a.i. page
PM2.5 160 g/GJ GB2023Table 310 emission factor for source category 1.A.4.a.i. page
PM10 163 g/GJ GB2023Table 310 emission factor for source category 1.A.4.a.i. page
TSP 170 g/GJ GB2023Table 310 emission factor for source category 1.A.4.a.i. page
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Pollutant
BC
CcO
Pb
Cd
Hg
As
Cr
Cu
Ni
Se
Zn
PCDD/ PCDF

benzo(a) pyren

benzo(b)
fluoranthene

benzo(k)
fluoranthene

Indeno (1,2,2d)
pyren

HCB
PCB

Value

28

570

27

13

0.56
0.19

23

0.5
512
100

10
16

0.06

Unit

References

% PM2.5 GB2023Table 310 emission factor for source category 1.A.4.a.i. page

mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ

ng t
TEQ/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ
mg/GJ

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

GB2023Table 310 emission factor for source category 1.A.4.a.i. page

Table 74 Emission factors for solid fuels for source category 1.A.4.@ommercial/Institutional ¢
stationary combustion

Pollutant
NOx
NMVOC
SOx
PM2.5
PM10
BC
TSP
CcO
Pb
Cd
Hg
As
Cr
Cu

Value
173
88.8
900
108
117
6.4
124
932
134
1.8
7.9
4
135
17.5

Unit
g/GJ
g/GJ
g/GJ
g/GJ
g/GJ
%PM2.5
g/GJ
g/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ

References
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category

GB2023Table 37 emission factor for source category
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1.A.4.a.i. page
1.A.4.a.i. page
1.A.4.a.i. page
1.A.4.a.i. page
1.A.4.a.i. page
1.A.4.a.i. page
1.A.4.a.i. page
1.A.4.a.i. page
1.A.4.a.i. page
1.A.4.a.i. page
1.A.4.a.i. page
1.A.4.a.i. page
1.A.4.a.i. page
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Pollutant
Ni
Se
Zn
PCB
PCDD/PCDF

benzo(a) pyren

benzo(b) fluoranthene
benzo(k) fluoranthene

Indeno (1.2.%cd) pyren

HCB

Value
13
1.8
200
170
203
45.5
58.9
23.7
185
0.62

Unit
mg/GJ
mg/GJ
mg/GJ
k3K D)
ng FTEQ/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
k3K D)

References
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category

GB2023Table 37 emission factor for source category

1.A4.a..
1.A4.a..
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.l.
1.A4.a..
1.A4.a..
1.A4.a.l.
1.A4.a.i.

page
page
page
page
page
page
page
page
page
page

Table75 Emission factors for gaseous fuels for source category 1.A-4C@mmercial/Institutional
¢ stationary combustion

Pollutant
NOx
NMVOC
SOx
PM2.5
PM10
TSP
BC
CcO
Pb
Cd
Hg
As
Cr
Cu
Ni
Se
Zn
PCDD/ PCDF
benzo(a) pyren

benzo(b)
fluoranthene

benzo(k)
fluoranthene

Indeno (1,2,%cd)
pyren
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Value
74
23
0.67
0.78
0.78
0.78
4
29
0.011
0.00009

0.1

0.1

0.013

0.0026

0.013

0.058

0.73

0.52

0.72
2.9

1.1

1.08

Unit
g/GJ
g/GJ
g/GJ
g/GJ
g/GJ
g/GJ
%PM2.5
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
mg/GJ
ng FTEQ/GJ
ngy/GJ
ng/GJ

ng/GJ

ngy/GJ

References
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category
GB2023Table 37 emission factor for source category

GB2023Table 37 emission factor for source category

GB2023Table 37 emission factor for source category

GB2023Table 37 emission factor for source category

1.A4.a.i.
1.A4d.a.l.
1.A4d.a.l.
1.A4d.a.l.
1.A4d.a.l.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.
1.A4.a.i.

1.A4.a.i.

1.A4.a.i.

1.A4.a.i.
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Table76 Emission factors for liquid fuels faource category 1.A.4.aiCommercial/Institutionalg
stationary combustion

Pollutant Value Unit References
NOx 306 g/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page !
NMVOC 20 9/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page !
SOx 94 g/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
PM2.5 18 g/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
PM10 21 g/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
TSP 21 g/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
BC 56 %PM2.5  GB2023Table 37 emission factor for source category 1.A.4.a.i. page {
co 93 g/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
Pb 8 mg/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
Cd 0.15 mg/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
Hg 0.1 mg/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
As 0.5 mg/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
Cr 10 mg/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
Cu 3 mg/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
Ni 125 mg/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
Se 0.1 mg/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
Zn 18 mg/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
PCDD/ PCDF 6 ng FTEQ/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :
benzo(a) pyren 1.9 my/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page !
benzo(b) 15 ng/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page !

fluoranthene

flut())erz:ﬁ?t?e%e L7 ng/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page {
Indenpc;r(ir,]Z,azd) 15 my/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page !
HCB 0.22 ng/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page &
PCB 0.13 ng/GJ GB2023Table 37 emission factor for source category 1.A.4.a.i. page :

4.6.5.2.Sourcespecific uncertainties and tirseries consistency

The activity data uncertainty was estited to be 10% (rating C. cf. chapter 1.7); the emission factor
uncertainty for S@was estimated to be 20% (rating A. cf. chapter 1.7), for SOx and NMVOC was
estimated to be 40% (rating B) and for PM2.5.(125% rating C).

4.6.5.3.Sourcespecific QA/QC and verificai

Standard QA/QC procedures were carried out for this source categoystivty data were checked

for plausibility and timeseries consistency; emission data were checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.
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4.6.5.4.Sourcespecific recalculations including changes made in regptnthe review process
Recalculations were done fd2021 emissions within the category 1.A.4.ai due to use of final
consumption data for this yeamly for biomass and liquid fuel

4.6.5.5.Sourcespecific planned improvements including those in respongigetoeview process

Tier 2 methodology will be introduced when there will be available activity déaaely, there is
ongoing establishment of National environmental information system that will enable us to collect
detail data from this sector in the fute. It is expected that this system will function from next year.

4.6.6. Commercial/Institutionat stationary combustiog NFR 1.A.4.aii

Within the Commercial/Institutional sector, liquid fueliesel is used. The NFR sector is for the first
time introduced inthe inventory due to available activity data for the period 210R2. For the
previous years the emissions were noted as IE in 1.A.4.ai, as it was recdadri®nprevious stage 3
review.

4.6.6.1.Methodological Issues

Activity data
Activity data for this sector lgabeen taken from the MAKSTAT database; activity data were available
only for the period 2012022.

Table77 Activity data for the source category 1.A.4.aii Commercial/Institutional: Mobile

Year Diesel [TJ]
1990 IE
1991 IE
1992 IE
1993 IE
1994 IE
1995 IE
1996 IE
1997 IE
1998 IE
1999 IE
2000 IE
2001 IE
2002 IE
2003 IE
2004 IE
2005 IE
2006 IE
2007 IE
2008 IE
2009 IE
2010 IE
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Emission factors

Year
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Diesel [TJ]
722
1486
669
684
694
694
739
741
800
704
814
815

Table78 Emission factors for liquid fuels for source category 1.A.4-&liommercial/lnstitutional ¢

mobile
Pollutant Value
NOx 32629
NMVOC 3377
NH3 8
PM2.5 2104
PM10 2104
TSP 2104
BC 1306
(6{0] 10774
Cd 0.01
Cr 0.05
Cu 1.7
Ni 0.07
Se 0.01
Zn 1
benzo(a) pyren 30
benzo(b) 60

fluoranthene

Unit
gt
gt
gt
gt
gt
gt
gt
gt

mg/t

mg/t
mg/t
mg/t
mg/t
mg/t
ny/t
ny/t

References

GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor for source categofiyA.4.a.ii, page 23
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor fosource category, 1.A.4.a.ii, page 2
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page
GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page

GB2023 Table 31 emission factor for source category, 1.A.4.a.ii, page

4.6.6.2.Sourcespecific uncertainties and tirseries consistency
No specific uncertainty analysis was calculated for this sector.
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4.6.6.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e. activity data were checked

for plausibility and timeseries consistency; ensien data were checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

4.6.6.4.Sourcespecific recalculations including changes made in response to the review process
Recalculations were done for 2D emissions within the category 1.A.4.ai due to use of final
consumption data for this yeaEF fobenzo(b) fluoranthenehanged due use of GB 2023.

4.6.6.5.Sourcespecific planned improvements including those in response to the review process

No planned activiéis for this category.

4.6.7. Commercial/Institutionaf, stationary combustiorg NFR 1.A.b.i

¢tKS adz2NBSeé a9y SNHE@

O2yadzYLIiAz2y Ay K2 dzaSst@d RA

Statistical Officeand published in 2016-or this survey, eepresentative sample of 3500 households

was selected.

Beside other information, the report provides information about construction age, average area of
dwellings and heated area, type of insulation and finally the total energy consumption of the

approximately 559 thousand households.

The following table presents energy consumption of households in 2014.

Table79 Consumption and Number of households using the type of energy

Type of energy

Electricity

Fuel wood

Wood of fruit trees and other plant residues
Wood residues. wood briquettes and pellets
Coal

LPG

Natural gas

Heating oll

Derived heat

Wood mass consumed for other purposes (for food in wint

producing brandy. etc.)

4.6.7.1.Methodological Issues

Activity data

The outcome of the survey showed that biomass consumption is a factor of 2.5 higher than the final
energy consumption, published in official energy statistics. Therefore, the activity data for biomass

Number of households using the

Consumption type of energy
3118 365 (MWh) 559 187
1328 979 (m3) 345 658
32243 (m3) 27 242
19 404 (t) 8078
4 462 (t) 2555
5585 (t) 87739
49 460 (Nm3) N/A
4 822 (m3) 3633
327 082 (MWh) 46 590
149 366 N/A

has been adjusted by multiplying the energy consumptiom energy statistics by this factor for the

complete reporting period.
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Energy statistics data were not available for 1991 to 1997 for this source category therefore the
consumption of biomass, liquid fuels and coal has been gap filled by backward fieed
interpolation of 19982010 energy statistics.

The statistical data after 2005 were taken from MAKSTAT database. These numbers were more
representative but still there may be some underestimation of the consumed biomass due to still
existing illegatut of woods, especially in the rural areas.

Table80 Activity data forsource category 1.A.4.biResidential: Stationary

Year Biomass [TJ] Coal [TJ] Gaseous Fuels [TJ] Liquid Fuels [TJ]
1990 15 814 186 NO 397
1991 13 688 333 NO 863
1992 14961 323 NO 921
1993 16774 323 NO 980
1994 16 024 304 NO 1038
1995 16 024 294 NO 1097
1996 16 024 284 NO 1156
1997 16 024 275 NO 1214
1998 15 273 213 NO 1225
1999 16 028 276 NO 1326
2000 19 040 235 NO 1394
2001 14 811 177 NO 1435
2002 14 654 227 NO 1513
2003 16325 228 NO 1577
2004 16 271 248 NO 1657
2005 8 648 161 NO 1687
2006 8618 115 NO 1757
2007 8 055 114 NO 1890
2008 7 906 72 NO 1812
2009 8 069 47 NO 1895
2010 7 946 53 NO 1852
2011 8 664 38 NO 1896
2012 9416 40 NO 1172
2013 9 262 39 0.3901 535
2014 9694 27 2.6039 432
2015 9336 24 2.6039 464
2016 7862 25 3.8264 476
2017 9006 25 6.2694 490
2018 7513 19 7.7307 456
2019 7761 18 8.2879 372
2020 8 055 17 10.3259 354
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Year Biomass [TJ] Coal [TJ] Gaseous Fuels [TJ] Liquid Fuels [TJ]
2021 8 156 17 12.1602 364
2022 7 902 5 5.8283 316

Emission factors
For biomass, the default emission factors were updated and taken for this submission from Guidebook
2023 Emission factors for different type of fuels are presented in the four following tables.

Table81 Emission factors for biomass f@ource category 1.A.4.BiResidential: Stationary

Pollutant Value Unit References

NOx 50 0/GJ GB2023 Table 36 emission factor for source category,A.4.b.i, page 35
NMVOC 600 g/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
SOx 11 g/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
NH; 8 g/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
PM2.5 740 g/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
PM10 760 g/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
TSP 800 g/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
BC 10 %PM2.5 GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
CO 4000 g/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
Pb 27 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
Cd 13 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
Hg 0.56 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
As 0.19 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
Cr 23 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
Cu 6 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
Ni 2 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
Se 0.5 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
Zn 512 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
PCB 0.06 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
PCDD/PCDF 800 nglTEQ/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
benzo(a) pyren 121 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
benzo(b) 111 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
fluoranthene

benzo(k) 42 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
fluoranthene

Indeno (1.2.%d) 71 mg/GJ GB2023 Table 36 emission factor for source category, 1.A.4.b.i, page
pyren

HCB 5 k 3k DW GB2023 Table 26 emission factor for source category, 1.A.4.b.i, page

Table82 Emission factors for coal f@source category 1.A.4.biResidential: Stationary
Pollutant Value Unit References

GB2023 Table 233 emission factor for source category,A.4.b.i, page

NOXx 110 oGl o,
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Pollutant

NMVOC

SOx

NHs

PM2.5

BC

PM10

TSP

(6{0)

BC

Pb

Cd

Hg

As

Cr

Cu

Ni

Se

Zn

PCB

PCDD/PCDF

benzo(a) pyren

benzo(b) fluoranthene

benzo(k) fluoranthene

Republic of North Macedonia INFORMATIVE INVENTORY REPORT

Value

484

900

0.3

398

6.4

404

444

4600

6.4

130

15

51

2.5

11.2

22.3

12.7

120

220

170

800

230

330

130

Unit

g/GJ

0/GJ

g/GJ

0/GJ

% PM2.5

g/GJ

g/GJ

g/GJ

% of PM2.5

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

Kk3IdKkD'

ng
TEQ/GJ

mg/GJ

mg/GJ

mg/GJ

References

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 33 emission factor for source categor{,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 33 emission factor for source categor{,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 33 emission factor for source categor{,A.4.b.i, page
32

GB2023 Table 33 emission factor for source categor{,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 33 emission factor for source categor{,A.4.b.i, page
32

GB2023 Table 23 emission factor for source categor{,A.4.b.i, page
32

GB2023 Table 23 emission factor for source categor{,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 23 emission factor for source categor{,A.4.b.i, page
32

GB2023 Table 23 emission factor for source categor{,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32
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Pollutant

Indeno (1.2.%cd) pyren

HCB

Value

110

0.62

Unit

mg/GJ

xk3dk D'

References

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

GB2023 Table 23 emission factor for source category,A.4.b.i, page
32

Table83 Emission factors for natural gas feource category 1.A.4.biResidential: Stationary

Pollutant

NOx

NMVOC

SOx

PM2.5

BC

PM10

TSP

(6{0)

Pb

Cd

Hg

As

Cr

Cu

Ni

Se

Zn

PCDD/ PCDF

benzo(a) pyren

benzo(b) fluoranthene

Page 163

Value

51

1.9

0.3

1.2

54

1.2

1.2

26

0.0015

0.00025

0.1

0.12

0.00076

0.000076

0.00051

0.011

0.0015

15

0.56

0.84

Unit

0/GJ

g/GJ

g/GJ

g/GJ

% PM2.5

g/GJ

g/GJ

g/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

ng k
TEQ/GJ

ngy/GJ

ngy/GJ

References

GB2023 Table 34 emission factor for source categorg,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33

GB2023 Table 34 emission factor for source category,A.4.b.i, page
33
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Pollutant Value

benzo(k) fluoranthene 0.84

Indeno (1.2.%d) pyren 0.84

Unit

ngy/GJ

ng/GJ

References

GB2023 Table 34 emission factor for source categorg,A.4.b.i, page
33

GB2023 Table 34 emission factor for source categorg,A.4.b.i, page
33

Table84 Emission factors for liquid fuels faource category 1.A.4.biResidential: Stationary

Pollutant Value
NOx 51
NMVOC 0.69
SOx 70
PM2.5 1.9
BC 8.5
PM10 1.9
TSP 1.9
CcO 57
Pb 0.012
Cd 0.001
Hg 0.12
As 0.002
Cr 0.2
Cu 0.13
Ni 0.005
Se 0.002
Zn 0.42
PCDD/PCDF 5.9
benzo(a) pyren 80
benzo(b) fluoranthene 40

Unit

9/GJ

g/GJ

g/GJ

g/GJ

% PM2.5

g/GJ

g/GJ

g/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

mg/GJ

ng k
TEQ/GJ

ngy/GJ

ngy/GJ

References

GB2023 Table 3 emission factor for source category,A.4.b.i, page
34

GB2023 Table & emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, p:
34

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, p:
34

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, p:
34

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table & emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table & emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table & emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table & emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table & emission factor for source category, 1.A.4.b.i, pi
34

GB 2023, Table-B emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table & emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, pi
34

GB2023 Table & emission factor for source category, 1.A.4.b.i, pi
34
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Pollutant Value Unit References

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, p:

benzo(k) fluoranthene 70 ngy/GJ 34

GB2023 Table 3 emission factor for source category, 1.A.4.b.i, p:

Indeno (1.2.3cd) pyren 160 ng/GJ 34

4.6.7.2.Sourcespecific uncertainties and tirrseries consistency

Theactivity data uncertainty was estimated to be 10% (rating C. cf. chapter 1.7); the emission factor
uncertainty for S@was estimated to be 20% (rating A. cf. chapter 1.7), for SOx and NMVOC was
estimated to be 40% (rating B) and for PM2.5 and (125% raihg C).

4.6.7.3.Sourcespecific QA/QC and verification

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

4.6.7.4.Sourcespecific recalculations including changes made in response to the review process
Recalculations were done for 2Demissions duelue to use oEmission factor from EMEEB 2023.

4.6.7.5.Sourcespecifc planned improvements including those in response to the review process
Furthermore, since this NFR is key sector for many pollutants, especially PM10 and PM2.5 which are
critical pollutants in our country it is planned to use Tier 2 in the future. Brata National census

which conducted in 2021, give no additional information on heating. Buattadablesurvey on type

of heating in SoutiEast region that was conducted in 2020 can provide informatiothe frame of

EU 4 Green project some improventef inventory for combustion in households is carried out for

the base year 2005. If data are made available for the NEIT, the improvement of the inventory will be
carried out for the other years. Furthermarét is considered to use Tier 2 methdor this key
category,during expert missions in the forthcoming IPA 1l project £P226) within the activities for
improvement of emission inventory

4.6.8. Residential: Household and gardening (molil&)FR 1.A.4.bii
The emissions of this subsector come frorabile combustion (the combustion of fuel to power the
equipment) used in residential areas: households and gardeningdaseld mobile machinery.

The species for which it is the more important are, 30X, C& PM, CO and nemethane volatile
organic compounds (NMVOCSs). The emissions ot @@l S@ are predominantly fuebased and
independent of engine technology/type of equipment.

4.6.8.1.Methodological Issues
For the Tier 1 approach, emissions are estimated using the equation:

O B "O0 00 8
Where:
Epollutant = the emission of the specified pollutant.

FCfuel type = the fuel consumption for each fuel (diesel. LPGsfake gasoline and
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two-stroke gasoline) for the sourcategory

EFpollutant = the emission factor for this pollutant for each fuel type.

Activity data

Activity data for this source have been taken from the NFR tables reported in 2013. Regarding the
source of activity data, in the IR 2010 it was emphasizedahatctivity data were taken from the
energy balances. Considering that the energy balances for the period2D@@0contain only data on

total petroleum products, an expert judgment has been used for determination of gasoline consumed
in this category.

Table85 Activity data for source category 1.A.4.biResidential: Household and gardening
(mobile)

Gasoline consumption

Year (T3]
1990 48.62
1991 29.9
1992 56.1
1993 328
1994 328
1995 38.8
1996 38.4
1997 38.0
1998 38.2
1999 35.2
2000 34

Emission factors

Emission factors are taken from EB 2009. For the HM default emissions, factors from the guidebook
have been used. With regards to other pollutants, EF is calculated as averages between EF for gasoline:
two strike and gasoline: four strike engines. Emission factors used in calculation of emissions coming
from thissector are presented in the following table

Table 86 Emission factors for source category 1.A.4.biResidential: Househd and gardening

(mobile)

Pollutant Value Unit References

NOx 4941 g/ton fuel GB 2009 1A4bii Tabl€el3Tier 1 emission factors for efbad machinery. pg.19
NMVOC 129 899.5 g/ton fuel GB 2009 1A4bii Tabl€el3Tier 1 emission factors foff-road machinery. pg.19
SOx 40.0 ppm GB 2009 1A4bii Tabl€el3Tier 1 emission factors for efbad machinery. pg.19
NH3 3.5 g/ton fuel GB 2009 1A4bii Tabl€el3Tier 1 emission factors for efbad machinery. pg.19
TSP 1959.5 g/ton fuel GB2009 1A4bii TableBTier 1 emission factors for efbad machinery. pg.19
CO 695 580.5 g/ton fuel GB 2009 1A4bii Tablel3Tier 1 emission factors for effad machinery. pg.19
Pb 0.00013  kgl/l fuel GB 2009 1A4bii Tablel3Tier lemission factors for offoad machinery. pg.19
Cd 0.01 mg/kg fuel GB 2009 1A4bii Tabl€el3Tier 1 emission factors for efbad machinery. pg.19
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Pollutant Value Unit References

Cr 0.05 mg/kg fuel GB 2009 1A4bii Tabl€el3Tier 1 emission factors for efbad machinery. pg.19
Cu 1.70 mg/kg fuel GB 2009 1A4bii Tabl€el3Tier 1 emission factors for efbad machinery. pg.19
Ni 0.07 mg/kg fuel GB 2009 1A4bii Tablel3rier 1 emission factors for efbad machinery. pg.19
Se 0.01 mg/kg fuel GB 2009 1A4bii Tablel3Tier 1 enission factors for offoad machinery. pg.19
Zn 1 mg/kg fuel GB 2009 1A4bii Tablel3Tier 1 emission factors for efbad machinery. pg.19

4.6.8.2.Sourcespecific uncertainties and tirseries consistency
No specifi uncertaintyanalysisvas dae forthis sector.

4.6.8.3.Sourcespecific QA/QC ancrification
No specific QA/QC and verification were done in the sector

4.6.8.4.Sourcespecific recalculations including changes made in response to the review process
During the 2016 Stage 3 review, the ERT pointed out that emissions from NFR 1.A.4.b.ii are currently
estimated only for the period 1992000. The ERT recognized the challenge faced by the Party, and
the difficulty to derive a full time series of emissiahge to insufficient information available from the
earlier inventories. During the review, the ERT provided suggestions on how to proceed (use of
emissions calculated in 2000 for the upcoming years or use household number as surrogate data) to
provide emision. The method for extrapolation using households as surogate data according to the
formula YO=Yt * (S0/SWas used to recalculate 20202 emissions coming from this sector. The
number of householdsfrom the last census conducted in 2021 was used fécutation of 2021
emissionsEstimated number of households was used for calculation of emissions for 2022.

4.6.8.5.Sourcespecific planned improvements including those in response to the review process
No planed activities in this category.

4.6.9. Agriculture/Forestry/Fishing: StationaggNFR 1.A.4.ci
Within the agriculture and forestry sector, mainly liquid fuels (Residual fuel oil. gasoil and LPG) are
used, while solid biomass and coal (lignite) have minor importance.

4.6.9.1.Methodological Issues
Activity data

The activity data have been taken from the Statistical yearbapksergy sector for the whole
reporting period.

Table87 Activity data for source category 1.A.4.cAgriculture/Forestry/Fishing: Stationary

Year Gaseous fug[TJ] Lignite[TJ] LiduedFuels [TJ] BiomasqTJ]
1990 NA 32.782 1302 NA
1991 NA 33.415 1545 NA
1992 NA 33.083 1322 NA
1993 NA 33322 944 NA
1994 NA 33.338 890 NA
1995 NA 33.570 985 NA
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Year Gaseous fug[TJ] Lignite[TJ] LiduedFuels [TJ] BiomasqTJ]

1996 NA 33.518 1125 NA

1997 NA 33.675 875 NA

1998 NA 0.022 829 NA

1999 NA 0.064 959 NA

2000 NA 1.905 1261 NA

2001 NA 0.375 998 NA

2002 NA 0.008 571 NA

2003 NA 1.362 457 14.072
2004 NA 1,844 1508 18.075
2005 NA 2.802 1003 41.373
2006 NA 0.730 793 37.781
2007 NA 0.953 516 35.200
2008 NA 2.495 541 51.112
2009 NA 0.124 351 47.688
2010 NA 0.124 363 47.048
2011 NA 0.124 323 51.119
2012 NA 0.091 349 55.681
2013 NA 36.393 230 56.675
2014 NA 36.393 230 56.675
2015 NA 35.572 251 56.679
2016 NA 32.555 248 51.220
2017 NA 25.765 207 55.943
2018 NA 21.761 211 57.621
2019 NA 86.49 221 57.909
2020 NA 33427 186 65.589
2021 NA 96.525 126 60.709
2022 NA 62.297 123 58.985

Emission factors
The emission factors for all fuels have the same tabl€ommercial/institutional table$.A.4c.i.

4.6.9.2.Sourcespecific uncertainties and tirseries consistency

Theactivity data uncertainty was estimated to be 10% (rating C. cf. chapter 1.7); the emission factor
uncertainty for S@was estimated to be 20% (rating A. cf. chapter 1.7), for SOx and NMVOC was
estimated to be 40% (rating B) and for PM2.5 and (185% raihg C).

4.6.9.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category. l.e. activity data were checked
for plausibility and timeseries consistency; emission data were checked for completeness and for
consisteng between the calculation files, NFR tables and the IIR.
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4.6.9.4.Sourcespecific recalculations including changes made in response to the review process
Recalculations were done due to use of final fuel consumption data instead of preliminary
consumption for 202aAnd change of activity data for 2019 and 2020

4.6.9.5.Sourcespecific planned improvements including those in response to the review process
No planned improvements this category.

4.6.10.Agriculture/Forestry/Fishing: Ofbad vehicles and other machinegyNFR 1A4ci
4.6.10.1.Methodological Issues

Activity data

The activity data for the period have been taken from the energy balance within the Statistical
yearbooks for the reporting period. Regarding the missing activity data, the number -odaoff
vehicles used in agricultel sector (taken form the chapter agriculture in the statistical yearbook) has
been used as surrogate data for estimation of the fuel consumption.

Table88 Activity data forsource category 1.A.4.ciiAgriculture/Forestry/Fishing Off-road vehicles
and other machinery

Year Diesel [TJ] LPG [TJ] Gasoling[TJ]
1990 9558 bs 2441
1991 12917 bs 1326
1992 11276 bs 909
1993 7651 bs 1046
1994 7364 bs 842
1995 8305 bs 772
1996 9482 bs 884
1997 6932 bs 1130
1998 7346 bs 294
1999 8149 bs 692
2000 11598 bs 985
2001 9574 bs 813
2002 5325 bs 452
2003 4260 bs 362
2004 14066 bs 1195
2005 1865 bs 374
2006 711 bs 591
2007 964 bs 325
2008 1309 bs 323
2009 2306 bs 336
2010 3660 bs 351
2011 3659 bs 394
2012 3762 bs 379
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Year Diesel [TJ] LPG [TJ] Gasoling[TJ]
2013 5710 bs 368
2014 6007 bs 371
2015 6223 bs 390
2016 6535 bs 397
2017 6537 bs 395
2018 6561 bs 395
2019 6707 bs 402
2020 6692 bs 394
2021 6688 NA 415
2022 3384 NA 416

Emission factors

Emission factors for calculation of emissions in this sector have been taken from #@2&8hd are

presented in the following table.

Table89 Emission forsource category 1.A.4.ciiAgriculture/Forestry/Fishing: Offoad vehicles

and other machinery for diesel

References

GB2023 Table 31 emission factor for source category, 1.A.4A&griculture, page 22

GB2023 Table 31 emission factor for source category, 1.A.4-Adriculture, page 22

GB2023 Table 31 emission factor for source category, 1.A.4A&griculture, page 22

GB2023 Table 31 emission factor for source categofiyA.4.c.iAgriculture, page 22

GB2023 Table 31 emission factor for source category, 1.A.4Agriculture, page 22

GB2023 Table 31 emission factor for source categofiyA.4.c.kiAgriculture, page 22

GB2023 Table 31 emission factor for source category, 1.A.4A&griculture, page 22

GB2023 Table 31 emission factor for source categofyA.4.c.lAgriculture, page 22

GB2023 Table 31 emission factor for source category, 1.A.4A&griculture, page 22

GB2023 Table 31 emission factor for source categofyA.4.c.lAgriculture, page 22

GB2023 Table 31 emission factor for source category, 1.A.4Agdriculture, page 22

GB2023 Table 31 emission factor for source category, 1.A.4A&griculture, page 22

GB2023 Table 31 emission factor for source category, 1.A.4Agdriculture, page 22

Pollutant Value Unit

34 457

NOXx glt 23
3542

NMVOC glt 23
8

NH3 glt 23
1913

PM2.5 glt 23
1913

PM10 glt 23
1913

TSP glt 23
11 469

CcO gt 23
0.01

Cd mg/kg 23
0.05

Cr mg/kg 23
1.70

Cu mg/kg 23
. 0.07

Ni mg/kg 23

Zn L mg/GJ
95 23
benzo(a) 30 KIK
pyren 23
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Pollutant

benzo(b)

Value

50

fluoranthene

Unit

XK Ik

References

GB2023 Table 31 emission factor for source category, 1.A.4A&griculture, page 22
23

Table90 Emission factors fob PG source category 1.A.4.cAgriculture/Forestry/Fishing: Offoad

vehicles and other machinery

Pollutant
NOXx
NMVOC
PM2.5
PM10
TSP

CcO

Value
28571
6720
225
225
225
4823

Unit
gt
gt
gt
gt
g/t
glt

References
GB2023 Table 31 emission factor for source category, B A.itAgriculture, page 23
GB2023 Table 31 emission factor for source category, 1.A.4A&griculture, page 23
GB2023 Table 31 emission factor for source category, 1.A.4&griculture, page 23
GB2023 Table 31 emission factor for source category, 1.A.4&griculture, page 23
GB2023 Table 31 emission factor for source category, 1.A.4A&griculture, page 23

GB2023 Table 31 emission factor for souragategory, 1.A.4.c-if\griculture, page 23

Table91 Emission factors fogasoline for source category 1.A.4.ei\griculture/Forestry/Fishing:
Off-road vehicles and other machinery

Pollutant

NOx

NMVOC

PM2.5

PM10

TSP

(6{0)

Cd

Cr

Cu

Ni

Zn

benzo(a)
pyren

benzo(b)

Value

7117

18 893

157

157

157

770 368

0.01

0.05

1.70

0.07

40

40

fluoranthene
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Unit

g/t

glt

g/t

gt

gt

gt

mg/kg

mg/kg

mg/kg

mg/kg

mg/GJ

K3IAKI

K3IAKI

References

GB2023 Table 31 emission factor for source category, 1.A.4Agriculture, page
24

GB2023 Table 31 emission factor for source category, 1.A.4Agriculture, page
24

GB2023 Table 31 emission factor fosource category, 1.A.4.cAigriculture, page
24

GB2023 Table 31 emission factor for source category, 1.A.4A&griculture, page
24

GB2023 Table 31 emission factor for source categofyA.4.c.liAgriculture, page
24

GB2023 Table 31 emission factor for source category, 1.A.4Agriculture, page
24

GB2023 Table 31 emission factor for source category, 1.A.4A&griculture, page
24

GB2023 Table 31 emission factor for source category, 1.A.4Agriculture, page
24

GB2023 Table 31 emission factor for source category, 1.A.4Agriculture, page
24

GB2023 Table 31 emission factor fosource category, 1.A.4.cAigriculture, page
24

GB2023 Table 31 emission factor for source category, 1.A.4Agriculture, page
24

GB2023 Table 31 emission factor for source categofyA.4.c.liAgriculture, page
24

GB2023 Table 31 emission factor for source category, 1.A.4A&griculture, page
24
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4.6.10.2.Sourcespecific uncertainties and tinseries consistency

The activity data uncertainty wastimated to be 10% (rating C. cf. chapter 1.7); the emission factor
uncertainty for S@was estimated to be 20% (rating A. cf. chapter 1.7), for SOx and NMVOC was
estimated to be 40% (rating B) and for PM2.5 and (1&5% rating C).

4.6.10.3.Sourcespecific QA/Q@nd verification

Standard QA/QC procedures were carried out for this source categorgciiety data was checked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

4.6.10.4.Sourcespecific recalculations including changes made in resportbe review process
Recalculations wasperformed in this categoryonly for NOx due to the change of EF for LPG. For other
parametars emission factors in EMEP GB 2023 are same with EMEP GB 2019.

4.6.10.5.Sourcespecific planned improvements including those spomse to the review process
No planned improvements.

4.6.11.Agriculture/Forestry/Fishing: Ofbad vehicles and other machinegyNFR 1.A.4.ciii

According to ERT recommends the Pamys askedo include an explanation in the IIR on why
emissions have not beesstimated we include the following explanation: For performing activity
fishing on natural and artificial lakes in our country are used boats equipped with outboaistrioke

and fourstroke engines with power of-20 KW. 310 boats are used in Lakdn@. Their utilization
depends on the workload at different times of the year, which makes it difficult to determine fuel
consumption.Therefore these emissions aneot estimated.

4.7. Fugitive emission from fueldNFR 1 B

Fugitive emission arises from coalning, production, distribution, storage, and distribution of oil
products.

4.7.1. Coal mining and handlingNFR 1.B.1.a

4.7.1.1.Methodological issues
This is one of subcategories for which Tier 2 method was used.

0O 0'Y 8 00 8

where:
Bvolutant = the emission of the specified pollutant.
ARueiconsumption= the production rate the source category for specific technology.

ERoiutant = the emission factor for this technology and this pollutant

Activity data
Data on coal mined has been taken from the Statistical Yearbook of the Republic of North Macedonia
¢chapter on Industrial production for the whole reporting period.
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Table92 Activity data forsource categoy 1.B.1.a Fugitive emission from solid fuels: Coal mining
and handling

Year Coal mined[Mg] Year Coal mined[Mg] Year Coal mined[Mg]
1990 6 643 409 2001 8 142 082 2012 7 309 546
1991 6978 171 2002 7 571 202 2013 6 633 560
1992 6 472 920 2003 7271 202 2014 6 681 752
1993 6917 774 2004 7 296 136 2015 5927 749
1994 6 859 762 2005 6 882 862 2016 5101 758
1995 7249 237 2006 6 653 474 2017 5056 918
1996 7 145 667 2007 6 569 220 2018 4994 843
1997 7 442 876 2008 7 669 103 2019 5066 083
1998 8 144 653 2009 7 395 915 2020 4532745
1999 7277 623 2010 6 583 074 2021 4118936
2000 7513 998 2011 7 902 084 2022 5079495

Emission factors
In this category calculations were done by use of Tier 2 methodology starting from 2015 since all coal
mines are categorized as open mines.

Table93 Emission factors fdk.B.1.a- Fugitive emission from solid fuels: Coal mining and handling

Pollutant = Value = Unit References

NMVOC 0.2 kg/Mg GBZO_ZSTabIe 32 Tier 2 emission factors for source category 1.B.1.a Coal mining
handling. Open cast mining. page 10

PM10 0.039 kg/Mg GB2023Table 32 Tier 2 emission factors for source category 1.B.1.a Coal minin¢

handling. Open cast mining. page 10

GB2023Table 32 Tier 2 emission factors for source category 1.B.1.a Coal mining

PM2.5 0.006  kg/Mg handling. Open cast mining. page 10

GB2023Table 32 Tier 2 emission factors for source category 1.B.1.a Coal mining

TSP 0.082 kg/Mg handling. Open cast mining. page 10

4.7.1.2.Sourcespecific uncertainties and tinseries consistency
The activity data uncertainty was estimated to be 10%; the emission factor uncertainty for NOx was
estimated to be 20% (rating A. cf. chapter 1.7) and 200% for PM2.5,(rating D).

4.7.1.3.Sourcespecific QA/@Q and verification

Standard QA/QC procedures were carried out for this source category. l.e. activity data was checked
for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation 8|eNFR tables and the IIR.

4.7.1.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were performed in this category.

4.7.1.5.Sourcespecific planned improvements including those in response to the review process
No further improvements are planned in this category.
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4.7.2. Fugitive emissions oil: Refining/storagdFR 1.B.2.aiv

Emissions of NMVOCs to the atmosphere occur in nearly every element of the oil products distribution
chain. Most emissions occur due to the stagand handling of gasolinbecause othe much higher
volatility compared to other fuels such as gasoil, kerosene etc.

4.7.2.1.Methodological issues
The Tier 1 approach for the refining industry uses the general equation:

0O 0'Y 00

This equation is applied at national level, using the total refined oil production as production statistics.
It is also possible to use the crude oil throughput as prodadiatistics.

Activity data

Theactivity data on crude oil input are taken from the energy balance within the Statistical Yearbook
of the Republic of North Macedonia for the whole reporting period and are presented in the following
table. Starting from 2015 onwards no crude oil input waported. Therefore, emissions in this
category did not occur.

Table94 Activity data forsource categoryl.B.2.aiv- Fugitive emissions oil: Refining/storage

Year Crude oll input [Mg] Year Crude oil input [Mg] Year Crude oilinput [Mg]
1990 1216 491 2001 1012 872 2012 259 606
1991 964 033 2002 648 137 2013 59 676
1992 566 701 2003 78 749 2014 7274
1993 1018 201 2004 975 262 2015 NO
1994 143 148 2005 946 747 2016 NO
1995 119 437 2006 1 067 096 2017 NO
1996 696 341 2007 1 050 007 2018 NO
1997 379 759 2008 1061 736 2019 NO
1998 754 775 2009 972 532 2020 NO
1999 765 412 2010 853 000 2021 NO
2000 1043 104 2011 705 144 2022 NO

Emission factors

Emission factors for emission estimations in this sector are presented in the following table and are
directly taken from GR023

Table95 Emission factors fosource categoryl.B.2.aiv- Fugitive emissions oiRefining/storage

Pollutant = Value Unit References
kg/Mg crude oil GB2023 Table 31 emission factor for source categofiyB.2.a.iv, page
NOx 0.24 .
input 14
NMVOC 0.2 !(g/Mg crude oil GB2023 Table 31 emission factor for source categofiyB.2.a.iv, page
input 14
kg/Mg crude oil GB2023 Table 31 emission factor for source categofiyB.2.a.iv, page
SOx 0.62 input 14
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Pollutant = Value Unit References

kg/Mg crude oil GB2023 Table 31 emission factor for source categoflyB.2.a.iv, page
NHs 0.0011 input 14

PM2.5 0.0043 kg/Mg crude oil GB2023 Table 31 emission factor for source categoflyB.2.a.iv, page
' ’ input 14

PM10 0.0099 kg/Mg crude oil GB2023 Table 31 emission factor for source categofyB.2.a.iv, page
’ input 14

TSP 0.016 kg/Mg crude oil GB2023 Table 31 emission factor for source categoflyB.2.a.iv, page
’ input 14

co 0.09 kg/Mg crude oil GB2023 Table 31 emission factor for sourceategory,1.B.2.a.iv, page
’ input 14

Pb 0.0051 g/MG crude oil GB2023 Table 31 emission factor for source categofiyB.2.a.iv, page
’ input 14

cd 0.0051 g/MG crude oil GB2023 Table 31 emission factor for source categofiyB.2.a.iv, page
' input 14

H 0.0051 g/MG crude oil GB2023 Table 31 emission factor for source categofiyB.2.a.iv, page
g ’ input 14

As 0.0051 g/MG crude oil GB2023 Table 31 emission factor for source categofiyB.2.a.iv, page
’ input 14

cr 0.0051 g/MG crude oil GB2023 Table 31 emission factor for source categofiyB.2.a.iv, page
' input 14

Cu 0.0051 g/MG crude oil GB2023 Table 31 emission factor for sourceategory,1.B.2.a.iv, page
’ input 14

Ni 0.0051 g/MG crude oil GB2023 Table 31 emission factor for source categofiyB.2.a.iv, page
’ input 14

Se 0.0051 g/MG crude oil GB2023 Table 31 emission factor for source categofiyB.2.a.iv, page
' input 14

7n 0.0051 g/MG crude o0il GB2023 Table 31 emission factor for source categofiyB.2.a.iv, page
’ input 14

PCDD/ 0.0057 >3dkai O N. GB2023 Table 31 emission factor for source categofyB.2.a.iv, page
PCDF ' input 14

4.7.2.2.Sourcespecific uncertainties and tirseries consistency

The activity data uncertainty was estimated to be 10%; the emission factor uncertainty for NMVOC
and SOx was estimated to be 20% (rating A. cf. chapter 1.7). and 40%,Brd\CH (rating B). and
200% for EF uncertainty for PM2.5 (rating D).

4.7.2.3.Sourcespeciic QA/QC and verification
No QA/QC procedure is performed due to the fact the activity is not occurring.

4.7.2.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this sector.

4.7.2.5.Sourcespecific planned improvements including those in response to the review process
No planned improvements in this category.
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4.7.3. Distribution of oil productg NFR 1.B.2.a.v
This chapter is dealing with the distribution of oil products, in particulat ot limited to) gasoline
distribution.

4.7.3.1.Methodological issues
The Tier 1 approach for process emissions from combustion uses the general equation:

Bvollutant = ARroduction®  pQiuent  Where
Boiutant= the emission of certain pollutant
ARyoduction=activity rate by fuel gasoline sold

ERoiutant = €mission factor for the selected pollutant.

Activity data

The oil products considered in this source category are as follows: The activity data regarding
distributed oil products are calculated as thdference between produced and imported products,
reduced by the quantity of exported oil products. Activity data for the produced oil products were
taken from the publication industry in the Republic of North Macedonia for the period-2005 [27]

and the chapterfor industrywithin the Statistical yearbooks of the Republic of North Macedonia for
the previous period [21]. Activity data on the imported and exported oil products are taken from
External trade chapter, within the Statistical yearbooks of Republic of North Macedonia for the
whole reporting period. The quantity of distributed oil is presented in the following table.

Table96 Activity data for source category 1.B.2.a\Distribution of oil products

Year Distributed oil (Mg) Year Distributed oil (Mg) Year Distributed oil (Mg)
1990 592 133 2001 959 035 2012 572 365
1991 457 295 2002 178 107 2013 626 447
1992 278185 2003 338459 2014 598 267
1993 597 143 2004 383 553 2015 675 630
1994 117 255 2005 402 385 2016 745 722
1995 828 450 2006 409 568 2017 858 093
1996 334 711 2007 454 633 2018 872 279
1997 459 252 2008 456 165 2019 942879
1998 484 508 2009 447 263 2020 832 130
1999 514 251 2010 516 450 2021 923 326
2000 394 487 2011 566 686 2022 1021417

The emission factor from GE®23has been used for calculatiorhe EF differs from the EF presented
un GB 2019.

Table97 Emission factors fosource categoryl.B.2.a.v- Distribution of oil productsfor NMVOC
Pollutant Value Unit References

NMVOC 45 kg/Mg oil GB2023Table 31 emission factor for source category 1.B.2.a.v page 12
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4.7.3.2.Sourcespecific uncertainties and tirseries consistency
See chapteR.7.1

4.7.3.3.Sourcespecific QA/QC and verification
Comparison of dateeported under this category with data reported under 1.B.a.iv.

4.7.3.4.Sourcespecific recalculations including changes made in response to the review process
Realculations were done due change of Ef NMVOC Emission factor from 2023 EMEP/EEA
Guidebook was used.

4.7.3.5.Sourcespecific planned improvements including those in response to the review process
No planned improvements in this category.

4.7.4. Venting and flaring, 1.B.2.c

4.7.4.1.Methodological issues
The Tier 1 approach for process emissions from conrrusises the general equation:

Epollutant = AR)roductionp E E)ollutant

This equation is applied at national level, using annual totals for venting and flaring.

Activity data

The activity data for this source category for the years 2004, 2008 and 201edrasaken from the
previous informative reports, which were originally obtained from the refinery. For the period-1990
1999, the activity data were taken from the reported data in 2013 reporting round (there is no
presented source where this data is cogpiflnom). For the other years, a gap filling method has been
implemented by using data on quantity of crude oil processed as surrogate data. The consumption of
refinery feed has been requested from the refinery, but the data was not reported. No production
process was carried out from 2015 onwards so the emissions in this category are not occurring.

Table98 Activity data forsource categoryi.B.2.c- Venting and flaring

Year Refinery feed [TJ] Year Refinery feed [TJ] Year Refinery feed [TJ]
1990 325 2001 201 2012 52
1991 186 2002 129 2013 12
1992 109 2003 156 2014 1
1993 196 2004 201 2015 NO
1994 28 2005 188 2016 NO
1995 23 2006 212 2017 NO
1996 134 2007 209 2018 NO
1997 73 2008 211 2019 NO
1998 146 2009 193 2020 NO
1999 148 2010 165 2021 NO
2000 188 2011 140 2022 NO

Emission factors
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Emission factors are taken from the IR 2010 expressed in TJ.

Table99 Emission factors fosource categorylB2c Venting and flaring

Pollutant = Value Unit References
NOx 100 0/GJ refinery feed IIR 2010 Table 7page 74
NMVOC 5 0/GJ refinery feed IIR 2010 Table 7page 74
SOx 15 g/GJ refinery feed IIR 2010 Table 7page 74
Cco 24 g/GJ refinery feed IIR 2010 Table 7page 74

4.7.4.2.Sourcespecific uncertainties and tirseries consistency

The activity data uncertainty was estimated to be 20%; the emission factor uncertainty for NMVOC
was estimated to be 20% (rating A. cf. chapter 1.7) and 40% for NOXx (rating B).

4.7.4.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category. i.e. activity data were checked
for plausibility and timeseries consistency; emission data were checked for completeness and for
consistency betweethe calculation files, NFR tables and the IIR. Data were crosschecked with activity
data from the category 1.B.a.iv.

4.7.4.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were performed in this category

4.7.4.5.Sourcespecific planned improvements including those in response to the review process
No planned improvements in this categpsince the activity does not accure anymore

4.7.5. Other fugitive emissions from energy productioi.B.2.d

Emissions for NdiHgand As were calculated for the perid®982022, where data on geothermal
energy consumption were available.

Methodological issues
The Tier 1 approach for process emissions from combustion uses the general equation:

Epollutant = AR)roduction RE E)ollutant

This equation is applied at the national level, using annual national statistics on the extraction of
geothermal energy from the earth.

The Tier 1 emission factors assume an averaged or typical technology and abatement implementation
in the counry and integrate all different suprocesses within the geothermal energy extraction
process.

Activity data

The activity data for this source category for the period 12086 expressed in fare taken from the
Energy balance. Data are converted in Gdach are expressed in GWh by use of conversion factor
taken from the Energy balance for Republic of North Macedonia, where it is stated that 1 Gcal = 1.16
*10 2 GWh.
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Tablel00Activity data forsource categoni.B.2.d- Other fugtive emissions from energy
production

Geothermal energy

Geothermal energy Geothermal energy
vear [MWh electricity produced] vear [MWh electricity produced] vear [MWh electricity
produced]
1990 NE 2001 269 512 2012 122 982
1991 NE 2002 151 114 2013 98741
1992 NE 2003 153 373 2014 84 884
1993 NE 2004 136 983 2015 78 217
1994 NE 2005 115 561 2016 75999
1995 NE 2006 116 846 2017 70577
1996 NE 2007 124 244 2018 69 589
1997 NE 2008 115 379 2019 64985
1998 217 375 2009 141 326 2020 61962
1999 178 608 2010 141 326 2021 61578
2000 181 751 2011 142 551 2022 58159

Emission factors
Emission factors are taken from the @83 expressed iMWh electricity produced

Table101Emission factors fosource categoryl.B.2.d-Other fugitive emissions from energy
Pollutant = Value Unit References

g/MWh electricity

NF 2100 produced

GB2023Table 34 emission factor for source category 1.B.2.d pac

9/MWh electricity

Hg 0.44 produced

GB2023Table 34 emission factor for source category 1.B.2.d pac

g/MWh electricity

As 0.025 produced

GB2023Table 34 emission factor for source category 1.B.2.d pac

4.7.5.1.Sourcespecific uncertainties and tinseries consistency
No specifiaincertainties were calculated for this category.

4.7.5.2.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category. l.e. activity data was checked
for plausibility and timeseries consistency; emission data was &eecfor completeness and for
consistency between the calculation files, NFR tables and the IIR

4.7.5.3.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this sector.

4.7.5.4.Sourcespecific planned impvements including those in response to the review process
No planned improvements in this category.
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5. INDUSTRIABRROCESSES AND PRODUCT USE (NFR SECTOR 2)

5.1. Sector overview

This chapter includes information on tlestimation (calculation) of the emissions of NEC gases, CO,
particle matter (PM), heavy metals (HM) and persistent organic pollutants (POPs) as welligs acti
data and their references and emission factors reported under NFR category IndustrialsBsoces
taken from EMEP GuidebooR623for the period from 1992022 with exeption of those catgories
where due b limitation of activity data emission faabrs from older version fothe Guidebook are
used

This category comprises emissions from the following subcategories: MiRevducts, Chemical
Industry, Metal Production and Other products and solvents used.

Only process related emissions are considered in this Sector. Emissions due to fuel combustion in
manufacturing industries are allocated in NFR Category 1.A.2 Fuel GonbgsManufacturing
Industries and Construction.

Some categories in this sector like those categorized as chemical production are not occurring (NO) in
North Macedonia, as there is no such production. For some categuiaton keydike notestimated
(NE) or included elsewhere (IE3ve been used.

5.2. General description

Completeness
Tablel02NFR categories covered in Industrial processes sector f@220

NFR sector Completeness
2.A.1 Cement production K
2.A.2 Limeproduction NO

2.A.3 Glass production
2.A.5.a Quarrying and mining of minerals other than coal
2.A.5.b Construction and demolition

2.A.5c Storage. handling and transport of mineral products

2.B.1 Ammonia production NO
2.B.2 Nitric acighroduction NO
2.B.3 Adipic acid production NO
2.B.4 Carbide production NO
2.B10.aChemical industryOther K

2. B10.b Storage. handling and transport of chemical products IE
2.B.7 Soda ash production and use NE

2.C.1 Iron and steg@roduction
2.C.2 Ferroalloys production
2.C.3 Aluminum production NE
2.C.4Magnesium production NO
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NFR sector Completeness

2.C.5 Lead production K
2.C.6 Zinc production NO
2.C.7.a Copper production NE
2.C.7.b Nickel production NO
2.C.7.c Othemetal production K
2.C7.d Storage. handling and transport of metal products IE
2.D.3.a Domestic solvent use including fungicides K
2.D.3.b Road paving with asphalt K
2.D.3.c Asphalt roofing K
2.D.3.d Coating applications K
2.D.3.e Degrasing K
2.D.3.f Dry cleaning K
2.D.3.g Chemical products K
2.D.3.h Printing K
2.G Other product use and 2.D.3.i Other solvent use K
2.H.1 Pulp and paper industry NO
2.H.2 Food and beverage production industry K
2.H.2 Other industrial processes NE
2.1Wood processing K
2.J Production of POPs NO
2.K Consumption of POPs and HM K
2.L Other production, consumption, storage, transportation or handling of NE

bulk products

Methodology
The Tier 1 approach for process emissions from production useagetieral equation:

Booiutant = ARroductionP  pQiufent

where:

Boiutant= the emission of certain pollutant
ARroduction the activity rate (data) for the production

ERoiuwtant = emission factor for the selected pollutant.

5.3. Mineral products¢ NFR 2.A

5.3.1. Cement productiorg 2.A.1

In the Republic of North Macedonia there is only one installation (factory) for cement production
G/ SYSy Gl NYyAOF | { w9 | 5 {1a&@daqivd) dtark kins fuknace 3 angd &G | £ £ |
where abatement (fabric filterdy used since 2001 (for furnace 3) and since 2003 (for furnaé®#).
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these reasons for the period 202015 we have made recalculation of theRi12.5emissionsPM1Q
TSPand BCdescribed below.

5.3.1.1.Methodological issues
The Tier 1 approach for process emissions from cement uses the general equation:

O 0'Y 00
where:
oliutant = the emission of a pollutant (kg),

ARyoduction = the annual production dflinker(in Mg),

ERoiutant = is the emission factor of the relevant pollutant {gnpollutant/Mg clinker produced)

Activity Data
The activity data for the whole reporting period was received from the operator .itself

Tablel103Activity data for source category 2.A-ICement production

Year Clinker producedt) Year Clinker produced (t) Year Clinker produced (t)
1990 491 900 2001 716 960 2012 645 480
1991 465 380 2002 739 490 2013 577 850
1992 396 500 2003 602 570 2014 518 200
1993 413 440 2004 643 260 2015 553 232
1994 375910 2005 694 920 2016 739 810
1995 365 120 2006 801 300 2017 735 625
1996 396 020 2007 882 830 2018 748 287
1997 475 250 2008 843 770 2019 737 700
1998 346 870 2009 478 400 2020 770 599
1999 427 080 2010 588 980 2021 803 735
2000 614 160 2011 687 990 2022 673 837

During the stage 3 Review, the ERT notes a jump in the clinker produced in 2000 for 44% and a dip in
2009 for 43%And the reason behind is thahé Cement Factory has been working since 2000 with a
new owner who had previously made several modernizatiartee production. In 2009, the decline

in production was due to the economic crisis and data from then on are gradually increasing

Emission factors
For calculation (estimation) of emissions for PM2.5, PM10, TSP and BC for the perig2DQ390
emission fators were taken from GB 2G.

These emission factors are given in the table below:

Table104Emission factors for source category 2.A.1 cement production

Pollutant Value Unit References
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PM10 234 g/Mg clinker  GB 2@3 2.A.1 Cement production. Tablel3pg. 10

PM2.5 130 g/Mg clinker =~ GB 2@3 2.A.1 Cement production. Tablel3pg. 10
TSP 260 g/Mg clinker  GB 2@3 2.A.1 Cement production. Tablel3pg. 10
BC 3 % GB 2022.A.1 Cement production. Tablel3pg. 10

For calculation (estimation) of emissions for PM2.5, PM10 and TSP for the peric8@Xife total
emission TSP (measured with continuous rtaximg) is taken into accounthe emission factors from

GB 2@3 have been used (Tier 1, Taldle2 abow) as well as Tier 2, Tall®3 (GB 2@3) were the
abatement efficiencies are considered (namely the proportion relation for calculation of abatement
efficiencies for TSP, PM10 and PM2.5 is used for each particular year.

For the period 2002006 (when thee was no continuous monitoring installed in the installation) the
calculation of PM2.5, PM10 and TSP emissions are done by considering the mass of clinker produced
and the abatement efficiencypproximately92% for TSP, 75 % for PM10 and 68,5 % for PM2.5

Fa this calculationthe following equation was used:
EFtechnology/abated= (- ' (abatement) X ERechnology/unabated

Table105! 6 I G SYSyY (i Sl @AsBucd dategory B.A.1 Cement production

Abatement

Polutant Value References
technology

Nt x A A 0 . .
Additional fabric filters LJ NI A Of S 98% GB 2@3 Tier 22.A.1 Cement production. Table23 pg. 12

on the oven stacky, mMmn >Y B LJ |
effective control of >Y
fugitive sources

80% GB 2@3 Tier 22.A.1 Cement production. Table23pg. 12

HPp >Y B | 73% GB 2@3Tier 22.A.1 Cement production. Table23pg. 12

5.3.1.2.Sourcespecific uncertainties and timeries consistency
The activity data uncertainty was estimated to be 2%; the emission factor uncertainty was estimated
to be 200% (rating D, cf. chapt2s7), based a expert judgment.

There has been one cement plant operating over the whole time series. Emissions follow the changes
production.

5.3.1.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures are carried out for $loigrce category, i.activity data are checked for
plausibility and timeseries consistency; emission data are checked for completeness and for
consistency between the calculation files, NFR tables amdllh

5.3.1.4.Sourcespecific recalculations including changes made in respotustine review process
The changes ithe abatement techilogyhave also beewgonsideredNo recalculations were carried
out in this category.

5.3.1.5.Sourcespecific planned improvements including those in response to the review process
No recatulations are planed in future.
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5.3.2. Lime productiorg NFR 2.A.2

5.3.2.1.Methodological issues
For estimation of emission from lime production Tier 1 method is used, where lime produced was
taken as activity data.

Activity Data

The activity data for the period 1960999, originates from the Statistical Yearbe@hapter industry,
while activity data for the period 2088013, was taken from the International Minegadarbook{30].

No data was available for 2008 and 2014.0kding to the MS expert comments, data on hydraulic
lime can be considered. Therefore, available datatfer period 20142022 from the Statistical
publicationfor Industry in the Republic of North Macedorj20] was used as activity data-or the
period 20202022 there is no lime production because the installation for this type of production has
gone bankrupt.

Tablel106Activity data for source cagory 2.A.2- Lime production

Year Lime produced (t) Year Lime produced (t) Year Limeproduced (t)
1990 37452 2001 500 2012 2700
1991 29194 2002 500 2013 2700
1992 33872 2003 500 2014 10836
1993 24904 2004 500 2015 8003
1994 14097 2005 15009 2016 8684
1995 12538 2006 12704 2017 1399
1996 9707 2007 7517 2018 6834
1997 4344 2008 NE 2019 29 236
1998 964 2009 2713 2020 NO
1999 4264 2010 2700 2021 NO
2000 1000 2011 2700 2022 NO

Emission factors
For the calculation (estimation) of emissions for P&BJ2PM10 and TSP for the period 195120
emission factors were taken from GB230)

These emission factors are given in Téilflé below.

Table107Emission factors for source category 2.A.Rimeproduction

Pollutant | Value Unit Refererces

PM10 3500 g/Mg lime GB 2@3 2.A.2Lime production, Table-3, pg. 8
PM2.5 700 g/Mg lime GB 2@3 2.A.2 Lime production, Tablel3 pg. 8
TSP 9000 g/Mg lime GB 2@3 2.A.2 Lime production, Tablel3 pg. 8
BC 046 %of PM2.5 GB 2@3 2.A.2 Lime production, Tablel3 pg. 8

5.3.2.2.Sourcespecific uncertainties and timeeries consistency

The activity data uncertainty was estimated to be 5%; the emission factor uncertainty was estimated
to be 200% (rating D), based on exgedgment.

Page 185 Republic of North Macedonia INFORMATIVE INVENTORY REPOR T



5.3.2.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e., activity alathegked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consisterry between the calculation files, NFR tables and théAdRvity data vaschecked also in the
MAKSTAT databa§29].

5.3.2.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were carried out in this categ

5.3.2.5.Sourcespecific planned improvements including those in response to the review process
No planned improvements in this category.

5.3.3. Glass productiog NFR 2.A.3
¢KS 3JflFada LINRBRdzOGAZ2Y Ay Db2NIK al OSR2YyAlthesl a
nineties. Currently, there are small installations in which glass is only procdagatbt produced

5.3.3.1.Methodological issues
Tier 2 methoghas been implemented for estimation of emissions coming from this source category
bearing in mind data that weravailable for flat glass and glass wool produced.

0O 0'Y B 00

¢

where:
ARyroduction tehnology = the production rate within the source category, using this specific techypplog
Hoiutant = the emission factor for this technology and this pollutant.

Activity Data for source category 2.A-Flat glass production

The activity data for both flat gbs production and glass wool production are presented below. The
activity datafor flat glass production for the period 1994®92 are taken from the statistical
yearbooks.

Table108Activity data for 2.A.3- Flat glass production

Year Flat glass produced [t] Year Flat glass produced [t] Year Flat dass produced [t]
1990 448 2001 NO 2012 NO
1991 32 2002 NO 2013 NO
1992 179 2003 NO 2014 NO
1993 NO 2004 NO 2015 NO
1994 NO 2005 NO 2016 NO
1995 NO 2006 NO 2017 NO
1996 NO 2007 NO 2018 NO
1997 NO 2008 NO 2019 NO
1998 NO 2009 NO 2020 NO
1999 NO 2010 NO 2021 NO
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Year Flat glass produced [t] Year Flat glass produced [t] Year Flat dass produced [t]
2000 NO 2011 NO 2022 NO

Emission factors

For the estimation of emission parameters from 199B2, the usedemission factors were taken
from GB 2@3. These emission factors are given in Tdl@@below.

Table109Emission factors for source catego2.A.3 Flat glass production

Pollutant Value Unit References

PM10 120 g/Mgglass GB 2022.A.3 Glass production. Table3Flat glass production pg. 16
PM2.5 100 g/Mgglass GB 2022.A.3 Glass production. Table3Flat glass production pg. 16
TSP 130 g/Mgglass GB 20232.A.3 Glass production. Table23Flat glasproduction pg. 16
BC 0.062 % of PM2.5 GB 20232.A.3 Glass production. Table23Flat glass production pg. 16
Pb 0.4 g/Mgglass GB 2022.A.3 Glass production. Table3Flat glass production pg. 16
Cd 0.068 g/Mg glass GB 2022.A.3 Glasproduction. Table 2. Flat glass production pg. 16
Hg 0.003 g/Mg glass GB 2022.A.3 Glass production. Table23Flat glass production pg. 16
As 0.08 g/Mg glass GB 2022 A.3 Glass production. Table3Flat glass production pg. 16
Cr 0.08 g/Mg glass GB 2022.A.3 Glass production. Table23Flat glass production pg. 16
Cu 0.007 g/Mg glass GB 2022.A.3 Glass production. Table23Flat glass production pg. 16
Ni 0.74 g/Mgglass GB 2022.A.3 Glass production. Table23Flat glasproduction pg. 16
Se 0.15 g/Mg glass GB 2022.A.3 Glass production. Table23Flat glass production pg. 16
Zn 0.37 g/Mgglass GB 2@32.A.3 Glass production. Table23Flat glass production pg. 16

Activity Data for source category 2.A:-35lass wool production
The activity data for glass wool production was taken from Statistical yearbcblpter industry for
the period1990-1998.

Tablel110Activity data for source category 2.A-3Glass wool production

Year Glass wool produced [t] Year Glass wool prodced [t] Year Glasswool produced [t]
1990 2739 2001 NO 2012 NO
1991 1176 2002 NO 2013 NO
1992 1828 2003 NO 2014 NO
1993 444 2004 NO 2015 NO
1994 1332 2005 NO 2016 NO
1995 3043 2006 NO 2017 NO
1996 1454 2007 NO 2018 NO
1997 961 2008 NO 2019 NO
1998 960 2009 NO 2020 NO
1999 NO 2010 NO 2021 NO
2000 NO 2011 NO 2022 NO

Emissionfactors
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For the estimation of emission parameters for the period 23908 coming from this source category,
the used emission factors were taken from GR20

These emission factors are given in Télil& below.

Table111Emissiorfactors for Glass wool production

Pollutant | Value Unit References

NMVOC 500 g/Mgglass GB 2@32.A.3 Glass production. Tablé&3Glass wool production pg. 19
NHs 1400 g/Mgglass GB 2@32.A.3 Glass production. Tablé3Glass wool production pg. 19
PM2.5 520 g/Mgglass GB 2@32.A.3 Glass production. Tablé3Glass wool production pg. 19
PM10 590 g/Mgglass GB 2@32.A.3 Glass production. Tablé3Glass wool production pg. 19
TSP 670 g/Mgglass GB 2@32.A.3 Glass production. Tablé3Glass wool production pg. 19
BC 2 % Of PM2.5 GB 2@32.A.3 Glass production. Tablé&3Glass wool production pg. 19

5.3.3.2.Sourcespecific uncertainties and timeeries consistency
The activity data uncertainty was estimated to be 10%; the emission factor uncertainty was estimated
to be 40% for NMVOC and N&hd 200% for PM2.5, based on expert judgment.

This time series ends in 1998, as the production of flat glass and glass wool ceased by that time.

5.3.3.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source categoradiieity datawaschecked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

5.3.3.4.Sourcespecific recalculations including changes made in respatustine review process
No recalculations were carried out in this category.

5.3.3.5.Sourcespecific planned improvements including those in response to the review process
No improvements are planned in this category.

5.3.4. Quarrying and mining of minerals other thanal¢ NFR 2.A.5.a

This subchapter elaborates quarrying and mining of minerals other than coal and it does not include
emissions from the combustion of fuels in the plant or transport machinery.

5.3.4.1.Methodological issues

Tier 1 method is used for calculatiof @missions in this sector. The quantities of different minerals
(like marble, talk, silica, gypsum, etc.) were summarized for calculation of activity data per reporting
year.

Activity Data
The activity data for mineral produceuere taken from the Statigtal yearbook for the period 1990

200922], while activity data for the period 20e006 [28]weretaken from the statigcal publication
for industry. Data for period 2002022 are taken from MAKSTAT database [29].
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Tablel12Emission factors for minerals produced for source category 2.A.5.a Quarrying and
mining the minerals other than coal

Year Mineral produced [t] Year Mineral produced [t)] Year Mineral produced [t)]
1990 6117 811 2001 3488792 2012 7 039 649
1991 5730999 2002 2 855 005 2013 7779 824
1992 5 299 552 2003 739 786 2014 7218 423
1993 5 246 466 2004 347 795 2015 7577701
1994 4817 372 2005 2827908 2016 8311 381
1995 5215134 2006 4 605 478 2017 7837715
1996 5233110 2007 6955426 2018 7867030
1997 5528 418 2008 7 095 376 2019 8385648
1998 5158 798 2009 5783 348 2020 7 783 002
1999 4 658 946 2010 6 845 344 2021 7 312 359
2000 4917 560 2011 7 106 322 2022 6 853 157

Emission factors
For estimation of emissions for PM2.5, PM10 and TSP the used emission factors were taken from GB
2023. These emission factors are given in Tdd@below.

Tablel13Emission factors for minerals produced for 2.Aa5source category Quarrying and
mining of minerals other than coal

Pollutant | Value Unit References

TSP 102 g/Mg mineral GB 2@32.A.5.a Quarrying and mining of minerals other than coal. Tatlepd. 5
PM10 50 g/Mg mineral GB 2@32.A.5.a Quarrying and mining of minerals other than coal. Tatlepg. 5
PM2.5 5.0 g/Mg mineral GB 2@32.A.5.a Quarrying and mining of minerals other than coal. Tallepg. 5

5.3.4.2.Sourcespecific uncertainties and timeeries consistency
The activity data uncertainty was estimated to be 10%; the emission factor uncertainty was estimated
to be 200%rating D), based on expert judgment.

5.3.4.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e., activity atathegked
for plausibility and timeseries consistency; emission data was checked fampbeteness and for
consistency between the calculation files, NFR tables and the IIR.

5.3.4.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this category.

5.3.4.5.Sourcespecific plannedmprovements including those in response to the review process
According to the recommendation given during the stage 3 revisions, the reason behind thendeep
the quarrying and mining of minerals other than coal in 2003 for 74% and a jump in 2005®s8 t
(713%)is due to no mining activities in 2004. Furthermore, possibilities to use Tier 2 methodology in
this category were investigated; however, there are no detail activity dataAlexage area of the

K2 f Sk 0)Aveage héightwof the hole/bsa (m), Material density, Volume of producti¢m?) to

be ableto proceed with Tier 2 in this category. These types of required data will be included in the
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National environmental information system for gathering emission data which should be operational
in 2025. After these data are gathered it will be possible to change the methodology of calculation.

5.3.5. Construction and demolitiog NFR 2.A.5.b

This subchapter elaborates emissions from construction and demolition works. This activity mainly
results in emigsns of particulates, but other pollutants may also be emitted, depending on the
materials used in the work. At construction sites, construction materials are used to construct items
including buildings and infrastructure. At demolition sites, a buildindrastructure, or other
constructions are torn down, resulting in a lot of rubbish.

5.3.5.1.Methodological issues
Tier 1 method has been applied for estimation of emissions coming from this source category where
the activity data refer to floor area in%of the building constructed or demolished.

Activity Data

Activity data on constructedcompleted and unfinishedyiwellings and demolishedesidential
dwellings are taken from Statistical yearboekzhapter Constructiofor the period 19962022 There

is only da& for areain n? of constructed dwellings, as well as number of demolished dwellings. The
area of demolished dwellings is calculated when the numbedemholisheddwellings per year is
multiplied with an average dwelling area of 65.1ihe activity data ath EF are presented in the
following tables:

Tablel14 Activity data for constructedcompleted and unfinished) individual dwellinger source
category2.A.5.b- Construction and demolition

Year mZ2/year Year m2/year Year m?2/year
1990 1241459 2001 908906 2012 934773
1991 960298 2002 771750 2013 887697
1992 1012393 2003 842519 2014 798891
1993 876103 2004 962874 2015 752207
1994 827450 2005 899876 2016 943400
1995 848494 2006 958738 2017 1130883
1996 456408 2007 852971 2018 1109077
1997 394471 2008 809606 2019 1028448
1998 311088 2009 824945 2020 1096693
1999 874951 2010 902234 2021 1814779
2000 841820 2011 944630 2022 1696994

Emission factors
Emission factors for the particulates PM2.5, PM10 and TSflkea from GB 283. These emission
factors are given in Tablel5 below.

Table115Emission factors for source catego?yA.5.b- Construction and demolitiorConstruction of
apartment buildings

Pollutant | Value Unit References

TSP 1 kg/m3year GB 2@32.A.5.b Construction and demolition. Tablk2.309.7
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PM10 0.3  kg/m2lyear GB 2@32.A.5.b Construction and demolition. Tablk2.30g.7
PM2.5 0.03 kg/m?lyear GB 2@32.A.5.b Construction and demolition. Tabk2.3pg.7

Table116 Activity data for constructedpublic dwellingsfor source categorn2.A.5.b- Construction
and demolition

Year m2/year Year m2/year Year m2/year
1990 NE 2001 48836 2012 33000
1991 NE 2002 100144 2013 37190
1992 NE 2003 110294 2014 4998
1993 NE 2004 58699 2015 8612
1994 NE 2005 61890 2016 6443
1995 NE 2006 57451 2017 8117
1996 471555 2007 39414 2018 19169
1997 449131 2008 7485 2019 18337
1998 482850 2009 33131 2020 32473
1999 65348 2010 17832 2021 34054
2000 56048 2011 14260 2022 19843

Emission factors
Emission factors for the particulates PM2.5, PM10 and TSP are taken fron2&H 2€se emission
factors are given in TabldlZ below.

Table 117 Emission factors for source catego®yA.5.b- Construction and demolitioANon-residential
contruction

Pollutant Value Unit References

TSP 3.3  kg/miyear =GB 2@32.A.5.b Construction and demolition. Tabl8.30g.7/8
PM10 1 kg/m2lyear =GB 2@32.A.5.b Construction and demolition. Tabk8.3pg. 7/8
PM2.5 0.1 kgmilyear GB 2@32.A.5.b Construction and demolition. Tabk3.3pg. 7/8

5.3.5.2.Sourcespecific uncertainties and timeeries consistency
The activity data uncertainty was estimated to be 10%; the emission factor uncertainty was estimated
to be 200% (rating D), based erpert judgment.

5.3.5.3.Sourcespecific QA/QC and verification

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

5.3.5.4.Sourcespecific recalculations including changes made in response to the review process
Recalculations were done in this category due to using updated activity aataonstructed
(completedand unfinished)dwellings and demolishedesidential dwellings taken from Statistical
yearbooks Chapter Constructiofor the period 19962022.
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5.3.5.5.Sourcespecific planned improvements including those in response to the review process
Currently the emissianfrom the source category construction and demolition refer only to the area
of constructed and demolished dwellings and are underestimated. It is planned for the reporting in
future to gather activity data for other types of constructed and demolisheittiimgs.This issue will

be further discussed with SSO.

5.3.6. Storagehandling,and transport of mineral productsNFR 2.A.5.c
The source category refers to emissions from storagedling,and transport of mineral products

5.3.6.1.Methodological issue

In a Tier 2 apmach, the emissions from storage, handling and transport of mineral products needs to
0S SadAYFGUSR aSLINIGSteod C2N) GKAa | OdA@QAGES
Therefore, the equation describing the approach is the same addod, where the activity data refer

to the activity rate for the storage and handling of mineral products.

Activity data

Data on transported mineral by road andlway transport were taken from the statistical publication
Transport andcommunications for the period 2062015 and MAKSTAT databdee period 2004
2022 (road transport) and the period 202022 (railroad transport).

[27]. The historical data for the quantity of transported minerals in road transport were taken from
the Statistical yedrook¢ chapter Transport for the period 1999008[22], while regarding the railway
transport the content of transported minerals in the frgported goods in railway transport were
estimated.

Table118Activity data for source category 2.A.5:Storage handling,and transport of mineral
products

Year Products transported [t] Year Products transported [t] | Year Products transported [t]
1990 246 717 2001 575 864 2012 3499 387
1991 143 309 2002 685 869 2013 3407 267
1992 96 043 2003 8 006 331 2014 5 564 332
1993 152 750 2004 10 497 726 2015 4142 405
1994 49 973 2005 8 475 328 2016 5034 346
1995 57 838 2006 16 441 405 2017 4717 295
1996 34 404 2007 4 813 390 2018 8410 139
1997 106 462 2008 1 965 897 2019 6 405 305
1998 189 443 2009 7 058 289 2020 5498 961
1999 152 301 2010 2820 746 2021 9594 126
2000 48 708 2011 3330100 2022 8482 780

Emission factors

For estimation of emissions for particulates, PM2.5, PM10 and TSP, the emission factors were taken

from GB 2@3. Used emission factors are given in the table below.
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Tablel19Emission factors for source category 2.A.58torage handling and transport of mineral
products.

Pollutant | Value Unit References

TSP 12 g/Mg GB 2@32.A.5.c Storaghandling and transport of mineral products. Tablé. g.7
PM10 6 g/Mg GB 2@32.A.5.c Storage handling and transport of mineral products. Ta#lepg.7
PM2.5 0.6 g¢/Mg GB 2@32.A.5.c Storage handling and transport of mineral products. Ta#8leg.7

5.3.6.2.Sourcespecific uncertainties and timeeries consistency
Theactivity data uncertainty was estimated to be 10%; the emission factor uncertainty was estimated
to be 200% (rating D), based on expert judgment.

5.3.6.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source categngctivity data were checked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

5.3.6.4.Sourcespecific recalculations including changes made in resp®to the review process
No recalculations were carried out in this category

5.3.6.5.Sourcespecific planned improvements including those in response to the review process
No improvemens are planned in this category.

5.4. Chemical Industry, NFR 2B

The following NFR source categories:

2.B.1- Ammonia production

2.B.2- Nitric acid productia

2.B.3- Adipic acid production and

2.B.4 - Carbide production.

2.B.7¢ Soda ash production

In the inventory, these are reported as NO since in North Macedbrs&ind of production does not

exist. Regarding Soda ash production this category is defined as NE since the process should be
checked

I > >

5.4.1. Other chemical industrg NFR 2B.10.a
This source category is important feeveral pollutants. It is introduced fahe first time due to
recommendation given by the ERT.

5.4.1.1.Methodological issues
The TieR methodology for emission calculation has been used. Namely, the quantity of activity data
is multiplied with the appropriate emission factor.

Activity data

Theinput data for this source category is the quantity of different type of final products. These data
have been taken from the Statistical Yearbooks of the Republic of North Macedonia for the period
19902006 [22], and data form MAKSTAT database for peri6@722022[29]. As it can be seen from

the table below the production of different product was unstable as it is usual in the countries in
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transition where factories were closed and change of ownership is frequent and, in those years, when
production was sipped the notation key NO has been used.

Table120Activity data for source category 2.B.X0Other chemical industry

Year pggﬁ;?gn T:Z?tsil?zhear;e PH?éfI‘jlyrEir:; Polyvinylchloride | Sulfuric acid ~ polyurethane
[Mg] [Mg] [Mg] [Mg] [Mg] [Mg]
1990 3167 2859 NO 44086 97 101 NO
1991 2439 2359 NO 24495 102 243 NO
1992 2325 1023 NO 9190 95 077 NO
1993 2358 498 NO 2120 88 814 NO
1994 2394 259 NO NO 72 106 NO
1995 2368 NO NO NO 82619 NO
1996 2562 NO NO 3995 99 545 NO
1997 349 NO NO 10344 105 034 NO
1998 772 NO NO 15658 100 834 NO
1999 61 NO NO 5134 87770 NO
2000 NO NO NO NO NO NO
2001 NO NO NO NO NO NO
2002 NO NO NO NO NO NO
2003 NO NO NO NO NO NO
2004 NO NO NO NO NO NO
2005 NO NO 812 1006 NO 1095
2006 NO NO 614 NO NO 1405
2007 NO NO 360 645 NO 1129
2008 NO NO 331 1975 NO 1239
2009 NO NO 181 1731 NO 1132
2010 NO NO 188 894 NO 1033
2011 NO NO 319 1978 NO 1059
2012 NO NO 89 1828 NO 1221
2013 NO NO NO 916 NO 1166
2014 NO NO NO 5531 NO 697
2015 NO NO NO 6662 NO NO
2016 NO NO NO 7198 NO 896
2017 NO NO NO 777 NO 1633
2018 NO NO NO 7970 NO 2429
2019 NO NO NO 9318 NO 2670
2020 NO NO NO 8178 NO 2815
2021 NO NO NO 8792 NO 4844
2022 NO NO NO 9354 NO 4285

Republic of North Macedonia INFORMATIVE INVENTORY REPORT Page 194



Emission factors
Emission facta@for estimation ofpollutantshave been taken from GB 2Band they are presented
in the table below.

Table121Emission factors for source catego?yB.10.aOther chemical industry

Pollutant | Value Unit References

/Mg (100% GB 2@3 Table 324 Tier2 emission factors for source category3210.a
SOx 17 000 a Sg) Other chemical industry, sulphurgcid production, wet contact process

2 (98% and 78% sulphuric acid)
H 48 Y GB 2@3 Table 332 Tier2 emission factors for source category3210.a

9 ' g'Mg Other chemical industry, chlorine production
GB 2@3 Table 335Tier2 emission factors for source categorB2l0.a

TSP 03 kg/ton produced Other chemical industry, phosphate fertilizers
PM 10 0.24 kg/ton produced GB 2@3 Table 335 Tier2 emission factors for source category3210.a

Other chemical industry, phosphate fertilizers

GB 2@3 Table 335Tier2 emission factors for source categornB2l0.a

PM2.5 0.18 kglton produced Other chemical industry, phosphate fertilizers

GB 2@3 Table 340 Tier2 emission factors for source categornB2l0.a

NMVOC 23 kg/ton produced Other chemical industry, polyethylene high density

GB 2@3 Table 340 Tier2 emission factors for source category3210.a

TSP 97 kg/ton produced Other chemical industry, polyethylene high density

GB 2@3Table 341 Tier2 emission factors for source category3210.a

NMVOC 96 glton produced Other chemical industry, polyvinylchloride, suspension PV/(S

GB 2@3 Table 341 Tier2 emission factors for source category3210.a

TSP 263 g/ton produced Otherchemical industry, polyvinylchloride, suspension PVRM{GS)
GB 2@3 Table 341 Tier2 emission factors for source category3210.a

PM 10 100 glton produced Other chemical industry, polyvinylchloride, suspension PMO/&

PM 25 5 glton produced GB 2@3 Table 341 Tier2 emission factors for source categoryg210.a

Other chemical industry, polyvinylchloride, suspension PV/(S

5.4.1.2.Sourcespecific uncertainties and timeeries consistency
No source specific uncertainty was done for gestor.

5.4.1.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source categorgciivgty data was checked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

5.4.1.4.Sourcespecific recalculations including changes made in respotustine review process
No recalculations were done in this category.

5.4.1.5.Sourcespecific planned improvements including those in response to the review process
Deeper analysis of activity data will be conducted for the following submissions.
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5.5. Metal Production¢ NFR 2.C

In this source category activity data, emission factors and implemented methodology is presented for
the following NFR source categories: 2.C.1, 2.C.2, 2.C.3, 2.C.5, 2.C.6 andA2d¢dsding to Stage 3
review recommendation the NFeategory2C7d Storage, handling, and transport of metal products
on p. 4, in the Tier 1 default approach, the dust emissions from storage, handling and transport of
metal products are covered by the respective technical chapters. Consequently, the @éafigdton
FILOG2NAR | NB WAy Ohadiidtatidn kéyf hasShédn Syl indabcdrdadce with the
recommendation given.

5.5.1. Iron and steel productioq NFR 2.C.1

In the nineties in Republic of North Macedonia there was one integrated steel planbfioamd steel
where primary iron and steel was produced, as well as ingots using hot and cold rolling mills.

Due to the disintegration of Former Yugoslavia, and North Macedonia becoming an independent
country, this factory has disintegrated over the yetysseveral smaller installati@with different
ownership. Currently in Republic of North Macedottiaee installations have this type of production.

The first one, Makstil AD Skopje, which has two units, first for steel production uses an electric arc
furnace (EAF) with installed Bfgest Available Techniques), namely fabric filter unit, since 2016, and
second for producing ingots using hot rolling mills also with installed BAT and use of natural gas as a
fuel. The second installation, ArcelorMittelrenamed Liberty from 2018 due to new ownership
produces only ingots using cold rolling mill with BAT as well and uses natural gas as a fuel. The
calculation for the period 1990015 is made using Tier 1, and for the period 20082 using Tier 2
because sine 2016 all units (electric arc furnace, hot rolling mills and cold rolling mills) in the
installations are using BAThe third one is Dojran Stil which have hot rolling mill with BAT in the
period of 20082022 using Tier 2.

5.5.1.1.Methodological Issues

Activity Data

Activity data for the reporting period 1992004 have been taken from the statistical yearbooks
chapter Industnj22], and for the period 2002015 from the publications Industry in the Republic of
North Macedonia[28]. Activity data for the period 020162022 are taken directly fromone
installation mentioned abovieMakstil AD Skopje, and the activity data for cold rolling mill from period
20162022 are taken from Makstat database, chapter Indushgtivity data for Dojran Stil are taken
directly from the installation.The activity data have variable trend dueftoctuant asmarket prices

as well as change of the ownerships of the companies.

Table122 Activity data for source category 2.C-1ron andsteel production

Year Products [t] Year Products [t] Year Products [t]
1990 885 015 2001 583 379 2012 623 642
1991 755 634 2002 960 178 2013 407 027
1992 548 462 2003 760 538 2014 543 608
1993 353 822 2004 833 328 2015 512 568
1994 140 045 2005 807 782 2016 670 386
1995 83 407 2006 905 272 2017 798 429
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Year
1996
1997
1998
1999
2000

Tablel123Activity data for steel and hot and cold ingots production ihe period of 20162022

Year

2016

2017

2018

2019

2020

2021

2022
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Products [t]
128 117
230 274
347 846
237 409
437 934

Year
2007
2008
2009
2010
2011

Name of Products

Liquid steel

Hot rolled sheet
Cold rolled sheet
Dojran Stil

Liquid steel

Hot rolled sheet
Cold rolled sheet
Dojran Stil

Liquid steel

Hot rolled sheet
Cold rolled sheet
Dojran Stil

Liquid steel

Hot rolledsheet
Cold rolled sheet
Dojran Stil

Liquid steel

Hot rolled sheet
Cold rolled sheet
Dojran Stil

Liquid steel

Hot rolled sheet
Cold rolled sheet
Dojran Stil

Liquid steel

Hot rolled sheet
Cold rolled sheet

Dojran Stil

Products [t]
982 650
862 779
781 053
823 012
927 150

[t

173113
274721
156 071
56 907
277 599
310 840
157 756
55 453
272 415
309 504
153 181
97 086
247 017
303 867
142 714
81 094
185 330
271 463
147 623
67 350
321 453
312 659
154 549
81563
253 468
344 311
98593
95957

Year
2018
2019
2020
2021
2022

Products [t]
834 408
774 692
670 459
870 224
792 329
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Emission factors
For the estimation of emissions for pollutants, emission factors were taken from PBed
emission factors argiven in the table below.

Table124Emission factors for source category 2.Clton and steel production, steainaking,
electric arc furnace, abated by fabric filter

Pollutant Value Unit References
NOx 130 g¢/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 3. pg. 44
CcO 1.7 kg/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 3. pg. 44
NMVOC 46 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 3. pg. 44
S0O2 60 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld3. pg. 44
TSP 30 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 3. pg. 44
PM10 24 | g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 3. pg. 44
PM2.5 21  g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 3. pg. 44
BC 0.36 % of PM2.5 GB 2@3 2.C.1 Iron and steel production. Tabld 8. pg. 44
Pb 15 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 8. pg. 44
Cd 0.12 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 8. pg. 44
Hg 0.076 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld3. pg. 44
As 0.0081 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld3. pg. 44
Cr 0.105 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld83. pg. 44
Cu 0.02 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld83. pg. 44
Ni 0.41 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 3. pg. 44
Zn 2.3  g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 3. pg. 44
PCDD/F 3.0 x JTNEQ/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 3. pg. 44
PAHSs (Total) 0.48 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 3. pg. 44
PCBs 2.5 mg/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabld 3. pg. 44

Table125Emission factors for source category 2.Clton and steel production, rolling mills, cold
rolling mills

Pollutant Value Unit References

TSP 96 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabl23B. pg. 46

Table126 Emission factors for source category 2.C.ton and steel production, rolling mills, hot

rolling mills
Pollutant Value Unit References
NMVOC 7 g/Mg steel GB 2@3 2.C.1 Iron and steel production. TablR3. pg. 4647
TSP 9 g/Mg steel GB 2@3 2.C.1 Iron and steel production. Tabl@3. pg. 4647

5.5.1.2.Sourcespecific uncertainties and timeeries consistency
The activity data uncertainty was estimated to 28%; the emission factor uncertainty was estimated
to be 125% for NMVOC and 40% for PM2.5, based on expert judgment.
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5.5.1.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e. activity asthacked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and theStR.cespecific recalculations
including changewere made in response to the review process

5.5.1.4. Sourcespecific recalculations including changes made in response to the review process
Recalculations were carried out in this categalye to changing of the activity data for cold rolling
mills for the period 2012022.

5.5.1.5.Sourcespecific planned improgments including those in response to the review process

ERT recommends calculation oemissions from NFR 2.C.1 for the whole time series since 1990 by
using the Guidebook Default Tier 2 methods for EAF steel production, for hot and for cold rolling.
Inventory experts did not receive data for the whole time and there will be a need a of expert support
for calculation of historical data, therefore this issue will be resolved during the upcoming IPA project
in which one of the planned activities is impnagiof the air emission inventory

552. CSNNR I f f 2 2CNER2LONR RdzOG A 2 Y

Ferroalloys are master alloys containing iron and one or morefeonus metals as alloying elements.

The ferroalloys are usually classified in two groups: bulk ferroalloys and Isfexc@alloys. Bulk
ferroalloys are used in steel production and steel, or iron foundries exclusively, while the use of special
ferroalloys is far more versatile.

Depending on the raw material that is used (primary or secondary raw material), the pradoctio
ferroalloys can be carried out as a primary or secondary process.

In the Country, there are three major installations for production of ferroalloys: ferrosilicon,
ferronickel,F YR FSNNRaAAf AO2y YIlIy3alySaSeod ¢KS migend ! £ € F 4,
manganese and was operational in the period 2@0f n MH ® G Wdz32 KNRY ! [ %!l w 5h
ferrosilicon and EURONIKEL (FENI) INDUSTRY produces ferronickel.

GWdzZ32KNRY ! [ %!w 5hh9[¢ A& 2yS 2F (KS oA@RaSald Ay
The installation has an IPPC environmental permit with adjustment plecgrding towhich the
installationwas supposed tanstall a filter facility for all electric furnaces until 01 April 2014. This

deadline given by the Government of Republic of Ndfiacedonia was postponed until October 2016.

The second deadline has not been reached either, and that was the reason why the State
Environmental Inspectorate closed the installation for a period of 6 months, in November 2016, with

an approval of the Mirsitry of environment and physical planning. The installation remains closed until

the requirement for installation of filter facility is not fulfilled. time period 20172022 there was no

ferroalloys production from this installatiogsince the operatodid not installthe necessarfilter.

FENI Industry is one of the biggest installations in the sector Ferroalloys Production (ferronickel
production). In the period 2012013 this installation installed ESF (electrostatic filter) in 2 (two)
biggest emissiopoints (rotary kilns). The installatidrasscrubbers for reduction of emission gases
from 2 electric furnacesand thus fulfillghe requirements givern the IPPC environmental permit.

This installation worked with reduced capacity of around 40% comgar2dl15. This installation was

Page 199 Republic of North Macedonia INFORMATIVE INVENTORY REPOR T



under bankruptcy proceedings from 2017. In 2018 this installation received a new owner changed the
name in EURONICKEL Industry and stapedationsagain during the reporting year.

This sector significantiyontributed to the national total amount of emission of particulates until 2016.

5.5.2.1.Methodologicalissue

Emissions coming from this sector have been calculated as a sum of ferrosilicon produced, multiplied
with implied emission factors, arférronickel and ferrosilicon manganese produced, multiplied with
emission factors taken from GB 2019.

Activity Data

The activity data for ferrosilicon production $ibeen taken from the Statistical yearbookshapter
Industry, Energy and Construction fegriod 19960200422], and publication Industry in the Republic
of Macedonia for the period 20@201528]. Emission measurements for TSP weasideredor the
following years 2012, 2013, 2044d 2016.

Measurement data for TSP for the period 2€8BL7 wasreported by the operator FENI. Activity data
for the period 20182022for ferroalloys production are taken directly from the installation with new
ownership EURONICKEL INDUSTRY.

Tablel127 Activity data for the source category 2.Z- Ferroalloy production

Year Total Alloy produced [t] Year Total Alloy produced [t] = Year = Total Alloy produced [t]
1990 85 148 2001 8779 2012 146 970
1991 77 442 2002 15 085 2013 165 803
1992 107 866 2003 67 283 2014 163 489
1993 78 357 2004 83160 2015 130 970
1994 72134 2005 106 590 2016 69 455
1995 72735 2006 108 920 2017 34 558
1996 92 638 2007 175719 2018 51831
1997 85908 2008 170 252 2019 78 959
1998 106 661 2009 60 458 2020 82870
1999 78 009 2010 133 347 2021 73 884
2000 58520 2011 184 310 2022 38 651

The dips in the ferroalloys production activity data in 2001 of 85% and in 2009 of 64% and a jumps in
2004 of 346% (approx. 4.5 times) and in 2010 of 121% (approx. 4.2 times), are due to several reasons
for the fluctuation in the trend of ferroalloys production activity: the dip in 2001 was due to national
war in Macedonia, in 2009 due to the economy crisis, and that also the two main companies have
changed ownerships over the years and that this has influenoediugtion.

Emission factors
For calculation of PM2.5, PM10 and TSP from 1990 to 2011 as well as 2015 coming from ferronickel
and ferrosilicon manganese production, GR26mission factors have been used.
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Table128Emission factorgor source category 2.C.2Ferroalloys productiorg production of
ferronickel for historical data

Pollutant | Value Unit References

g/Mg alloy =GB 2@3Table 3.1 Tier 1 emission factors for source category 2.C.2 Ferroall

PM10 850 produced  production pg. 7

g/Mg alloy =GB 2@3Table 3.1 Tier 1 emission factors for source category 2.C.2 Ferroall

PM2.5 600 produced production pg. 7

o/Mg alloy  GB 2@3Table 3.1 Tier 1 emission factors for source category 2.C.2 Ferroall
TSP 1000 .

produced production pg. 7
BC 10 % PM2.5 GB 2@3Table 3.1 Tier 1 emission factors for source category 2.C.2 Ferroall

productionpg. 7
For the estimation of emissions coming from the ferrosilicon production, due to the huge difference
of the calculated emissions with the use of EF amgission measurements data, as well as no
implementation of BAT in this installation, implieg tor TSP has been used, witile for PM10 and
PM2.5 have been calculated a8 and 060 of TSP Emission factor value. These emission factors are
presented irthe following table.

Table129Implied emission factors for 2.C.2 Ferroalloys productioproduction of ferrosilicon for
historical data

Pollutant Value Unit
PM10 244.8 kg/Mg alloy produced
PM2.5 172.8 kg/Mg alloyproduced
TSP 288 kg/Mg alloy produced

Emission measurements

For the period 20122014, TSP emission measurements coming from ferrosilicon production were
taken into account, while PM10 and PM2.5 emissions coming from this installationcalerdated
using the emission factors presented in the Taldi8 dbove. For 2015, since no measurements were
delivered by the company, TSP, PM10 and BMtissions coming from ferrosilicon production were
calculated using the emission factors presented able129. For 2016, measurement data for TSP
emissions as well as, activity data for ferrosilicon produsad made availablby the operator. The
emissions of PM10 and PM2.5 were calculated using the values using proportist @nd 0,60%

of TSP emsdons factor value). The installation did not operate since 2016 therefore there no
measurements since that year. For ferronickel emissisnontinuousmeasurementgfour per year)

for TSP were available ftne period 20052022. These measurements weresed to calculate the
yearly emissions.

5.5.2.2.Sourcespecific uncertainties and timeeries consistency

The activity data uncertainty was estimated to be 5%; the emission factor uncertainty was estimated
to be 40% (rating B), based on expert judgment. The instarsiy of the timeseries may appear
considering that for the historical data implied emission factors was used, whésedise period
2012-2014 measurement dataas used.

5.5.2.3.Sourcespecific QA/QC and verification
Standard QA/QC procedures were carried out for this source category, i.e. activity athecked
for plausibility and timeseries consistency; emission data was checked for completeness and for
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consistency between the calculation files, NFR tables la@dlR The cata receivedn form of anexcel
templatealignedwith the national legislation are checkéat consistencypy MEPPConcerning jumps,

dips or lack of emission data, the operator is contacted with official letted askedor the reasons
behind thejumps and deeps of the measured emission or lack of required data. Mainly the anmdps
deeps in this category are caused by the unstable operation of these installations and frequent change
of ownership.

5.5.2.4.Sourcespecific recalculations including enges made in response to the review process
No recalculations were carried out in this category.

5.5.2.5.Sourcespecific planned improvements including those in response to the review process
No improvements are planned in this category.

5.5.3. Aluminum productiorg NFR 2.C.3

Primary aluminum is produced by means of electrolytic reduction of alumina. This chapter covers the
complete process of primary aluminum production, from the production of alumina from bauxite to
the shipment of the aluminum from the facilitie¥he secondary aluminum productiocovers the
whole process, starting from the melting of scrap. In Republic of North Macedonia, there is no primary
aluminum production.

5.5.3.1.Methodological Issues

Activity Data

The activity data were taken from ti&tatistical Yearbooks 192m20 and for the period 2002019
from the installation for secondary aluminum production named RZ InstiBkibpje.For the period
2020 and 2022 there is no activity data frd®Z Institu¢ Skopjebecause this installation has ig®
bankrupt. Type of activity data used for emission estimation is presented in the following list.

1990¢ 1998 Pressed aluminum products and aluminum alloy products
1999¢ 2005 Aluminum and aluminum alloys
2005¢ 2006 Sum of unwrought aluminuralloyed in ingot

Aluminum alloyed bars, rods, profiles
Aluminum tubes and pipes, nealloyed
2007-2019 Aluminum alloys, in ingots, SSO

RZ Institue¢ secondary aluminum production

2020 Aluminum alloys, in ingots, SSO
Table130Activity data for source categy 2.C.3- Aluminum production
Year Aluminum and aluminum Year Aluminum and aluminum Year Aluminum and aluminum
products [t] products [t] products [t]
1990 8 841 2001 6 809 2012 1870
1991 7 829 2002 10 516 2013 1245
1992 5150 2003 8 573 2014 812
1993 4819 2004 1679 2015 161
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Aluminum and aluminum Aluminum and aluminum Aluminum and aluminum
Year Year Year

products [t] products [t] products [t]
1994 4991 2005 1489 2016 122
1995 3709 2006 2 316 2017 382
1996 3924 2007 1757 2018 278
1997 5561 2008 1531 2019 857
1998 5850 2009 1637 2020 NE
1999 10 777 2010 1897 2021 NE
2000 7641 2011 2079 2022 NE

Noted jumps in the activity data of secondary aluminium production in 1999 of 84% and in 2002 of
54% and a dip in 2004 of 80%y ERT are due to thehanges in production capacity, and that the
major company was closed in Mar2@04

Emission factors
The emission factors used in this source category are presented in the following table.

Tablel31Emission factors for source category 2.CSecondary Aluminum production
Pollutant = Value Unit References

TSP 2 kg/Mg aluminum GB 2@3 Tier 12.C.3 Aluminum production. Secondary production. Tabl

3-4.pg. 15
PM10 1.4 kg/Mg aluminum GB 2@3Tier 1,2.C.3 Aluminum production. Secondary production. Tabl
3-4.pg. 15
PM2.5 055 kg/Mg aluminum GB 2@3Tier 1,2.C.3 Aluminum production. Secondary production. Tabl
3-4.pg. 15
BC 23 % of PM25 GB 2@3Tier 1,2.C.3 Aluminunproduction. Secondary production. Table
3-4. pg. 15
x AMEQ/Mg GB 2@3Tier 1,2.C.3 Aluminum production. Secondary production. Tabl
PCDD/F 35 .
aluminum 3-4.pg. 15
HCB 5 g/Mg aluminum GB 2@3Tier 1,2.C.3 Aluminum production. Secondampduction. Table

3-4.pg. 15

5.5.3.2.Sourcespecific uncertainties and timeeries consistency
The activity data uncertainty was estimated to be 2%; the emission factor uncertainty was estimated
to be 40% (rating B), based on expert judgment.

5.5.3.3.Sourcespecific QAQC and verification

Standard QA/QC procedures were carried out for this source category, i.e. activity data were checked
for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculatiote, NFR tables and the IIR.

5.5.3.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this sector.

5.5.3.5.Sourcespecific planned improvements including those in response to the review process
No planned improvements in this category.
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5.5.4. Lead productiorg NFR 2.C.5

This subchapter presents information on atmospheric emissions during primary and secondary lead
production. The primary lead production in the country was conducted in the smelter compéngy i

town of Veles, whicleeased operations i2003.

5.5.4.1.Methodological issues
To estimate (calculate) emissions from lead production, the general equation has been adopted:

O 0'Y 00
where:
Bvolutant = the emission of a specified pollutant

ARroduction = the annual lead production

ERolutant = is the emission factorfehis pollutant

Activity data
Statistical data for production of crude lead were taken as primary lead production andaithegtion

of refined lead as secondary production.

Tablel132Activity data for source category 2.C:-3.ead production

Year Lead, Primary (t) Lead, Secondary (t) Year Lead, Primary (t)  Lead, Secondary (t)
1990 28 585* 21 858* 2006 NO 4Brrrr*
1991 33938* 19 265* 2007 NO 1@wwkx
1992 27 860* 23 341* 2008 NO A Kokl
1993 23 575* 21 881* 2009 NO 3Qakik
1994 20 569* 20 965* 2010 NO NE
1995 24 007* 22 490* 2011 NO NE
1996 29 259* 23 584* 2012 NO NE
1997 30 508* 26 046* 2013 NO NE
1998 29 242~ 28 415* 2014 NO NE
1999 27 086* 19 738* 2015 NO 2648
2000 19 000** 17 137*** 2016 NO 4472
2001 19 000** 13 543*** 2017 NO 7486
2002 19 000** 11 934**** 2018 NO 10 576
2003 19 000** 6 357**** 2019 NO 10 962
2004 NO 35971*F** 2020 NO 10 339
2005 NO OV il 2021 NO 10 339
2006 NO 4GFF*** 2022 NO 11 747

List of data source:

*Statistical yearbooks Crude Lead (=Primary Lead) and Refined Lead (=Secondary
Lead¥* http://minerals.usgs.gov/minerals/pubs/commodity/lead/lead _myb03.pdf

*xxx http://www.bgs.ac.uk/mineralsuk/statistics/europeanStatistics.html
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**Statistical yearbooks- Regeneratedecondary raw materials of lead and lead alloys

Emission factors
Emission factors for primary lead production and secondary lead production are taken fron2&B 20
These emission factors are presented in the following two tables.

Table1l33Emission factors for sourceategory 2.C.5 Primary Lead production
Pollutant | Value Unit References

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead produc

TSP 560 g/Mglead primary lead production, unabatedable 3.2pg. 14

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead produc

PM10 450 g/Mg lead primary lead production, unabatedable3.2,pg. 14
GB 2@3Tier 2 emission factors for source category 2.C.5 Lead produc

PM2.5 225 g/Mglead primary lead production, unabatedable 3.2pg. 14
GB 2@3Tier 2 emission factors for source category 2.C.5 Lead produc

Pb 150 g/Mg lead primary lead production, unabatedable 3.2pg. 14
GB 2@3Tier 2 emission factors for source category 2.C.5 Lead produc

cd 0.8 g/Mg lead primary lead production, unabatedable 3.2pg. 14
H 1 /Mg lead GB 2@3Tier 2 emission factors for source category 2.C.5 Lead produc

g 9'Mg primary lead production, unabatedable 3.2pg. 14
GB 2@3Tier 2 emission factors for source category 2.C.5 Lead produc

As 0.18  g/Mg lead primary lead production, unabatedable 3.2pg. 14
PCDD/E 5 x ITEQ/Mg GB 2@3Tier 2 emission factors for source category 2.C.5 Lead produc

lead primary lead production, unabatedable 3.2pg. 14
PCBs 1.9 g/Mg lead GB 2@3Tier 2 emission factors for source category 2.C.5 Lead produc

primary lead production, unabatedable 3.2pg. 14

Tablel34Emission factors for source category 2.€.SecondaryLead production1990-2009
Pollutant = Value Unit References

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead

TSP 14800 g/Mg lead production, secondary lead production, unabat&cble34, pg. 16

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead

PM10 11800 g/Mglead production, secondary lead production, unabatdable34, pg. 16

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead

PM2.5 83800 g/Mg lead production, secondary lead production, unabat&cble34, pg. 16

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead

Pb 5800 g/Mg lead production, secondary lead production, unabat@dble34, pg. 16
cd 15 g/Mg lead producton. seconciary 8 procucion, unabaiddbleds, pg. 16
s 47 gMg lead production, secondary Iead producton. unabesdbed, pg. 16
zn 35 Mg lead oroducton. seconciary 18 procucion, inabaiddbleds, pg. 16
PCODIE 8 x FTEQMglead 0 oy lead procuction, i, Table3s, pg. 16
PCBS 32 Mg lead GB 2@3Tier 2 emission factors for source category 2.C.5 Lead

production, secondary lead production, unabatdable34, pg. 16
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Tablel35Emission factors for source category 2.CSecondary Lead producticior 20102022
Pollutant | Value Unit References

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead productior
TSP 20 g/Mg lead secondary lead production assuming average technology in th28ETable
35, pg. 17

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead productior
PM10 16 g/Mg lead secondary lead production assuming average technology in th28ETable
3-5, pg. 17

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead productior
PM2.5 8 g/Mg lead secondary lead production assuming average technology in th28ETable
35, pg. 17

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead productior
SOx 5000 ¢/Mg lead seconary lead production assuming average technology in th&T able
3-5, pg. 17

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead productior
Pb 1.1 g/Mg lead secondary lead production assuming average technology in th28ETable
35, pg. 17

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead productior
Cd 0.05 g/Mg lead secondry lead production assuming average technology in th& JTable
35, pg. 17

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead productior
As 0.3  ¢/Mg lead secondary lead production assuming average technology in th28FTable
35, pg. 17

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead productior
Zn 0.05 g/Mg lead secondary lead production assuming average technology in th28cUable
3-5, pg. 17

GB 2@3Tier 2 emission factors for source category 2.C.5 Lead productior
PCBs 2.6 g/Mg lead secondary lead production assuming average technology in th28Uable
3-5, pg. 17

k3 L GB 2@3Tier 2 emission factors for source category 2.C.5 Lead prodicti
PCDD/F 3.2 TEQ/Mg secondary lead production assuming average technology in th28ETable
lead 3-5, pg. 17

5.5.4.2.Sourcespecific uncertainties and timeeries consistency
The activity data uncertainty was estimated to be 5%; the emission factor uncertainty was estimated
to be 40% (rating B), based on expert judgment.

5.5.4.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e. activity athecked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

5.5.4.4.Sourcespecific recalculations including changes made in response to the reyiewess
No recalculations were carried out in this category.

5.5.4.5.Sourcespecificplanned improvements including those in response to the review process.
No plannedmprovementsin this category.
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5.5.5. Zinc productiogNFR 2.C.6

Zinc is produced from various primary and secondary raw materials. Primary zinc is produced from
ores, which contain 85% zinc sulfide (by weight) amd086 irm sulfide, with the total zinc
concentration about 50%. A secondary zinc smelter is defined as: any plant or factory in which zinc
bearing scrap or ziAeearing materials, other than zidzearing concentrates (ores) derived from a
mining operation, are preessed. In practice, primary smelters often also use zinc scrap or recycled
dust as input material. The primary zinc production in the country was conducted in the smelter
company in town of Veles, whideased operation i2003.

5.5.5.1.Methodological Issues

Activity Data

The activity data has been taken from the Statistical yearbgathapter Industry, energy and
construction for the period 1992022, as well as from the following website
http://minerals.usgs.gov/minerals/pubs/commodity/zinc/zinc_myb05.pdf**[30In the statistical

publications, the activity data for the Primary Zinc production were defined agdeCZinc and for
Secondary Zinc production as Refined Zinc.

Tablel36Activity data for source categgr2.C.6- Zinc production

Year Primary Zinc (t) Secondary zinc (t)
1990 56 734* 17 383*
1991 56 081* 17 244*
1992 52 728* 14526*
1993 51 931* 3 315*
1994 41 984* 4 532*
1995 44 081* 34 526*
1996 59 416* 37 853*
1997 59 693* 3116*
1998 58 865* 8 594*
1999 53 304* 4017*
2000 52000** NO
2001 52 000** NO
2002 56 000** NO
2003 28 000** NO
2004 25 000** NO
2005 NO NO
2006 NO NO
2007 NO NO
2008 NO NO
2009 NO NO
2010 NO NO
2011 NO NO
2012 NO NO
2013 NO NO
2014 NO NO
2015 NO NO
2016 NO NO
2017 NO NO
2018 NO NO
2019 NO NO

Page 207 Republic of North Macedonia INFORMATIVE INVENTORY REPOR T


http://minerals.usgs.gov/minerals/pubs/commodity/zinc/zinc_myb05.pdf**%5b30

Year Primary Zinc (t) Secondary zinc (t)

2020 NO NO
2021 NO NO
2022 NO NO

Emission factors
Emission factors for primary lead production and secondary zinc prodweticetaken from GB 223,
These emission factors are presented in the following two tables.

Table137Emission fators for source category 2.C&rimary Zirw production

Pollutant = Value Unit References

TSP 210  g/Mg zinc GB 2@3 2.C.6 Zinc production. Table23pg. b
PM10 170  g/Mg zinc GB 2@3 2.C.6 Zinc production. Table23pg. b
PM2.5 130 g/Mg zinc GB 2@3 2.C.6 Zinc production. Table23pg. b
Pb 35  ¢/Mg zinc GB 2@3 2.C.6 Zinc production. Table3pg. B
Cd 5  g/Mg zinc GB 2@3 2.C.6 Zinc production. Table3pg. B
Hg 5  g/Mg zinc GB 2@3 2.C.6 Zinc production. Table23pg. B
Zn 80 g/Mg zinc GB 2@3 2.C.6 Zinc production. Table23pg. B
PCBs 0.9 ¢/Mg zinc GB 2@3 2.C.6 Zinc production. Table23pg. B
PCDD/F 5 % 3TEQ/Mgzinc GB 2@3 2.C.6 Zinc production. Table23pg. B

Table138Emision factors for source category 2.G.6econdary Zinc production

Pollutant Value Unit References

TSP 425 g/Mg zinc GB 2@3 2.C.6 Zinc production. Tablet3pg. 7
PM10 340 g/Mg zinc GB 2023 2.C.6 Zinc production. Table 3.4. pg. 17
PM2.5 255  g/Mg zinc GB 2023 2.C.6 Zinc production. Table 3.4. pg. 17
Pb 65 g/Mg zinc GB 2023 2.C.6 Zinc production. Table@417

Cd 35 g/Mg zinc GB 2023 2.C.6 Zinc production. Table 3.4. pg. 17
Hg 0.006 g/Mg zinc GB 2023 2.C.6 Zinc production. Table 3.4. pg. 17
As 5.9 g/Mg zinc GB 2023 2.C.6 Zinc production. Table 3.4. pg. 17
Zn 150 g¢/Mg zinc GB 2023 2.C.6 Zinc production. Table 3.4. pg. 17
PCBs 0.0031 g/Mg zinc GB 2023 2.C.6 Zinc production. Table 3.4. pg. 17
PCDD/F 100 x FITEQ/Mg zinc GB 2023 2.C.6 Zinc production. Table 3.4. pg. 17

5.5.5.2.Sourcespecific uncertainties and timeeriesconsistency
The activity data uncertainty was estimated to be 5%; the emission factor uncertainty was estimated
to be 40% (rating B), based on expert judgment.

5.5.5.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e. activity athecked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables hadIR.
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5.5.5.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were carried out in this category.

5.5.5.5.Sourcespecific planned improvements including those in response to the review process
No improvements ar@lanned in this category.

5.5.6. Copper productiogNFR 2.C.7 a
Copper is produced from primary and secondary raw materials.

Primary cooper is produced from concentrates produced from copper ores. Themwteslurgical

copper production route entails a numbef steps, depending on the concentrate used. The majority

of concentrates are sfitles and the stages involved are roasting, smelting, converting, refining and
electrorefining. Concentrates usually contain¢d®% Cu. In roasting, charge material of copper
YAESR 6AGK | aAfAO0S2dza Tt dzE A ac5®SiSilfGand pgorgiond A NI G 2
of volatile trace elements. The roasted product, calcine, serves as a dried and heated charge for the
smelting furnace.

In Republic of North Macedontlere is a primary production of copper with pampering of copper
ores for obtaining cathode copper.

A secondary copper smelter is defined as any plant or factory in which cbppeing scrap or copper
bearing materials, other than coppé&earing concentres (ores) derived from a mining operation, is
processed by metallurgical or chemical process into refined copper and copper powder (a premium
product).

In Repiblic of NorthMacedonia,it wasa secondary production of coppér the factory RZ Institut
Skopg in the period 2002019 In 2020 there is no activity data from this installation because it has
gone bankrupt. The emissisare presented as NE because that company was working during 2020,
however we could not gather the needed information due to theinkruptcyand lost of contact with

the installation representatives.

5.5.6.1.Methodological Issues

Activity Data
Activity data is availablefor secondary copper production (from the installation that has that

production), for the period 2002019. No activity data were available for period 262022.

Table139Activity data for source category 2.C.7-&opper prodetion

Year Primary copper (t)| Secondary copper (t)
1990 NO NO
1991 NO NO
1992 NO NO
1993 NO NO
1994 NO NO
1995 NO NO
1996 NO NO
1997 NO NO
1998 NO NO
1999 NO NO
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Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Emission factors

Emission factors for secondary copper production are taken from @B Z8ese emission factors are

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

presented in the following table.

Table1l40Emission factors for source category 2.C$econdary Copper production

Pollutant | Value
TSP 320
PM10 250
PM2.5 190
BC 0.1
SOx 1320
Pb 24
Cd 2.3
As 2
Cu 28
Ni 0.13
PCBs 3.7
PCDD/F 50

Unit
g/Mg copper
g/Mg copper
g/Mg copper
g/Mg copper
g/Mg copper
g/Mg copper
g/Mg copper
g/Mg copper
g/Mg copper
g/Mg copper
g/Mg copper
k I TEQ/Mg copper

NO
NO
NO
NO
NO
NO
NO
7
32
58
50
32
62
103
93
58
46
23
11
13
NE
NE
NE

GB 2@3
GB 223
GB 2@3
GB 223
GB 2@3
GB 2@3
GB 2@3
GB 2@3
GB 223
GB 223
GB 223
GB 223

Primary copper (t) Secondary copper (t)

References

2.C.7.a Copper production.
2.C.7.a Copper production.
2.C.7.a Copper production.
2.C.7.a Copper production.
2.C.7.a Copper production.
2.C.7.a Copper production.
2.C.7.a Copper production.
2.C.7.a Copper production.
2.C.7.a Copper production.
2.C.7.a Copper production.
2.C.7.a Copper production.
2.C.7.a Copper production.

5.5.6.2.Sourcespecific uncertainties and timeeries consistency

The activity data uncertainty wasstimated to be 5%; the emission factor uncertainty was estimated

to be 40% (rating B), based on expert judgment.
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Tier 2.
Tier 2.
Tier 2.
Tier 2.
Tier 2.
Tier 2.
Tier 2.
Tier 2.
Tier 2.
Tier 2.
Tier 2.
Tier 2.

Table 3.3.
Table 3.3.
Table 3.3.
Table 3.3.
Table 3.3.
Table 3.3.
Table 3.3.
Table 3.3.
Table 3.3.
Table 3.3.
Table 3.3.
Table 3.3.

pg.
pg.
pg.
pg.
pg.
Pg.
Pg.
Pg.
pg.
pg.
pg.
pg.

13
13
13
13
13
13
13
13
13
13
13
13
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5.5.6.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e. activity asthacked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

5.5.6.4.Sourcespecific recalculations including changes made in response to the review process
No recdculations were done for this NFR category.

5.5.6.5.Sourcespecific planned improvements including those in response to the review process
It is planned in this category to makentrol on the activity data from copper production in Republic
of North Macedonia that isoveredwith primary or secondary copper production giMerEMEP/EEA
air pollutant emission inventory guidebook Z02.C.7.aCopper productionThis is planned tde
carried out within the forthcoming technical projetA llin the frame of activities which refer to
improving of emission inventory.

5.5.7. Other metal productiorg NFR 2.C.7.c
This category covers silver production in the reporting period 19983.

5.5.7.1.Methodologicalissues
Tier 1 method was used for calculation of emissions in this source category. This activity does not
occur after the year 1998.

Activity Data
Activity data for this source category are taken from the Statistical yearbooks for the period 1990
1998.

Tablel141 Activity data for source category 2.C.7ccther Metals production
Year 1990 1991 & 1992 1993 1994 & 1995 1996 1997 1998
Silver produced [t] 15 19 16 9 13 13 21 28 32

Emission factors
The emission factor on TSP has bsden from GB 2013.

Tablel42Emission factors for 2.C.7-:@ther Metals production
Pollutant = Value Unit References

TSP 0.8 g/Mg metal produced GB 2013 2.C.7.c Othmeetal production, Table 3.1, pg. 5

5.5.7.2.Sourcespecific uncertainties and timeeries consistency
This category includes TSP emissions only. Uncertainties have not yet been estimated for TSP
emissionssince this activity is not occurring since 1998

5.5.7.3.Sourcespecific QA/QC and verification
No QA/QC procedures were carried out for this sowraeegory sincét is no longer occurring in the
Republic of North Macedonia.

5.5.7.4.Sourcespecific recalculations including changes made in response to the review process
No recatulations were done in this category.
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5.5.7.5.Sourcespecific planned improvements including those in response to the review process

The NEIT noted that EF for SOx is miss linked in calculation file to | excel column instead of E excel
column and this will be corrected in the next submission

5.6. Other products and solvents usegINFR 2.D

In this source category activity data, emission factors and implemented methodology are presented
for the following NFR source categories: 2.D.3, 2.D.3.b, 2.D.3.c, 2.D.3.d, 2233f, 2.D.3.9,
2.D.3.h, 2.G, 2.H.1, 2.H.2 and 2.1.

5.6.1. Domestic solvent use including fungicides NFR 2.D.3.a

This category covers the use of fungicides in agriculture. The share of NMVOC emissions from this
category of total NMVOE€missionsn 2022 was1.3%.

5.6.1.1.Methodological issues

The Tier 1 method has been applied period 19962004. This method assumes ameraged or typical
technolagy and abatement implementation in the country and includes an integrated emission factor
and emission factors for syfirocesses within the source category. It is applied at a national level,
using the population dataTier 2 meéhod was applied for the period 206822 due to available
activity data in the SSO publications. During the stage 3 review the ERT recommended the Party to
move to the Tier 2 method for the next submission or as soon as possible or meanwhile to inidude th
improvement into the improvement plan with clear steps and schedule and to report on progress of
the work in the next submissiong herefore, in this category according to thecommendation
available data from production and import export was gathered. Calculated activity data
(production+importjexport were used for calculation of emissions coming fr@msmetics and
toiletries Perfume or room deodorizerdoilet watersHair spraysShaving lotions, before shaving
and after shavingOther body carecosmetics- lotions, creams, including baby care produStsaps

and other body cosmetigsCar care productsafitifriz); Households productd\(ashing and cleaning
productsfor machine for hands wasPastes, powders and other cleaning preparatiand Pdicies,
creams and similar preparations for the maintenance of woodyakd pestiides [(nsecticides,
rodenticides, fungicides, herbicidesn case of pharmaceuticafoducts, the population was used as
activity data.

Activity Data

Table143Activity datafor sourcecategory 2.D.3.a Domestic solvent use including fungicides for
different products and product typesor period 19962004 using Tier 1 methodology

Year Population number
1990 2028 000
1991 2 033 964
1992 2 056000
1993 2 066 000
1994 1957 265
1995 1974 800
1996 1991 398
1997 2002 340
1998 2012 705
1999 2021578
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Year Population number

2000 2038 651
2001 2023 654
2002 2029 892
2003 2035196
2004 2038514

Tablel144 Activity datafor sourcecategory 2.D.3.a Domestic solvent use including fungicides for
different products and product typesor period 20052020 using Tier 2 methodology

vear | Sotmelisand | LoyG0 12 0 SOBMES  ponqg
(all) [kl
2005 2976576 NE 17540231 2285000 2038514
2006 7130576 NE 12664627 2285000 2041941
2007 8787562 33000 19415000 2318000 2045177
2008 7357406 7000 24636000 2768000 2048619
2009 6069440 34000 22674000 1522000 2052722
2010 11875502 204000 26796000 1648000 2057284
2011 10143638 18000 26796000 2378000 2059794
2012 7860433 1650553 31701757 1841549 2062294
2013 801620 1415169 31357189 1867702 2065769
2014 8748658 1542853 32139836 1991441 2069172
2015 9294805 1720015 34439775 2053650 2071278
2016 9204934 1971099 35923836 1991441 2073702
2017 9508722 2283249 36668778 2146356 2075301
2018 10222125 2014718 39191712 1862376 2077132
2019 10377830 2527605 38717511 1969119 2076255
2020 10955857 2010092 40304000 2394361 2068808
2021 9861861 1873117 33096115 2372857 1837713
2022 8788029 1979074 33013115 1732368 1836714

Emission factors

The emission factors for calculation MVOC emissiorfer both methodologiegoming from this sector
are presented in the following table.

Tablel45Emission factors forhie source category 2.D.3:@Domestic solvents use including
fungicides
Pollutant | Methodology = Value Unit References

Tier 2 GB 223 Table 34 Tier 1
emission factors for source
Cosmetics and category 2.D.3.a  Domestic

NMVOC 1271 g/kg product toiletries (all) = solvent useincluding fungicides
for different products and
product typesp.16

NMVOC Tier 2 180 g/kg product Car care GB 2@3 Table 34 Tier 1

products (all) = emission factors for sourct
category 2.D.3.a Domesti
solvent use.16

Page 213 Republic of North Macedonia INFORMATIVE INVENTORY REPOR T



Pollutant | Methodology @ Value Unit References

NMVOC Tier 2 48 g/person Pharmaceutical GB 2@3 Table 35 Tier 1
emission factors for source
category 2.D.3.a Domesti
solvent usg.17

NMVOC Tier 2 16 g/kg product Households GB 2@3 Table 34 Tier 1
products (all) = emission factors for source
category 2.D.3.a Domesti

solvent usg.16

Tier 2 150 g/kg product Pesticides GB 2@3 Table 34 Tier 1
emission factors for source

NMVOC category 2.D.3.a Domesti
solvent usg.16
Tier 1 12 kg/person/year Persons GB 2@3 3.D.2 Domestic solven
NMVOC use including fungicides. Tab
3.1,pg. 9

5.6.1.2.Sourcespecific uncertainties and timeeries consistency

The activity data uncertainty for 2.D was estimated to be 20% according to expert judgment; the
emission factor uncertainty wasstimated to be 125% (rating C) for NMVOC and 40% (rating B) for
PM2.5 based on EMEP Guidebook.

Population number is taken from statistical publications and MAKSTAT database, but there is
uncertainty of these activitgonsideringthat the population censu$ias been carried out only three
times in 1991, 1994 and 2002, while for the other years estimated numbers were used.

5.6.1.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e. activity atheeked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

5.6.1.4.Sourcespecific recalculations including changes made in response to the review process
Retulations were done during period 202D22 due to available activity data on impeantport of
cosmetics and car care products.

5.6.1.5.Sourcespecific planned improvements including those in response to the review process
It is planned to replace Tier 1 wiffier 2 methodology also for historical emissions however due to
limitation of data this activity will be planned in the forthcoming IPA Il technical proje to the
need to use historical surrogate data since statistical data from that period areorustail

5.6.2. Road paving with asphalt NFR 2.D.3.b

Asphalt is commonly referred to as bitumen, asphalt cement, asphalt concrete or road oil, and is
mainly produced in petroleum refineries. In some countries, the laid mixed product is also referred to
Fa Wb eWKI f

This section covers emissions from asphalt paving operations, as well as subsequent releases from the
paved surfaces.

NMVOC emissions and particles are released to the air from this activity and the caatribtithis
sector in the total NMVOC @022 is 003% and in TSP is42%.Due to the norcompleteness of the
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activity data, the emissions of these pollutants and the contribution of this sector in the natixakl
may be underestimated.

5.6.2.1.Methodological issues
To estimate emissions from road pag with asphalt, the following general equation has been applied:

(0] 0'Y 00
where:
BEvoiutant = the emission of the specified pollutant,

ARyoduiion = the activity rate (data) for the road pagnvith asphalt,

ERoiutant = the emission factor fotis pollutant.

Activity data

The operators themselves have gathered activity ddbmta from several asphalt production
companies in 2016 delivered data produced asphalt. Fahe period2017-2022, activity data are
taken from Statistical yearbook Chapter Constructiof22]. Summarized data on national asphalt
produced were used as activity data for estimation of emissions in this sector. The actiatipodat
this sector may be underestimated, especially for the historical years, due to incomplete statistical
data on asphalt production, as well as change of ownership cdose of some of the asphalt
production companies. The activity data are presehin the followingable.

Table146Activity data for source category 2.D.34Road paing with asphalt

Year Asphalt produced (t) Year Asphalt produced (t) Year Asphalt produced (t)
1990 86 320 2001 137 305 2012 336 725
1991 74 296 2002 119 651 2013 389 163
1992 44 067 2003 124 492 2014 336 545
1993 65 194 2004 149 323 2015 500 943
1994 84729 2005 180 559 2016 366 536
1995 87 814 2006 130 847 2017 461 664
1996 98 545 2007 101 508 2018 527 798
1997 53 600 2008 170 049 2019 522 926
1998 101 563 2009 232 001 2020 565 780
1999 136 540 2010 274 654 2021 563 440
2000 327 937 2011 356 596 2022 540 391

ERT noted a jump in all emissions in 2000 of 145% (approx. by 2.4 times) in road paving with asphalt.
To aquestion on the issue North Macedonia answered that in the statistics the length of roads is the
highest in 2000.

Emission factors
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Emission factors for estimation of emissions in this source category are presented in the following
table. Until 2015 the installations for asphalt production hagekmit with adjustment plan and from

that year they build fabric filters with abatement ifiency of 99 %. Due fact thatthese types of
installations have installedabatement technologystarted from 2015 a new methodology for
calculationof TSP, PM10 arfdM2.5emissionsvas used.

Table147Emission factors for sourceategory 2.D.3.b Road paving with asphal

Pollutant | Value Unit References

NMVOC 16 g/Mg asphalt GB 2022.D.3.b Road paving with asphalt. Table 3.1. pg. 9
TSP 14 000 g¢/Mg asphalt GB 2022.D.3.b Road paving with asphalt. Table 3.1. pg. 9
PM10 3000 g¢/Mg asphalt GB 2022.D.3.b Road paving with asphalt. Table 3.1. pg. 9
PM2.5 400 g/Mg asphalt GB 2022.D.3.b Road paving with asphalt. Table 3.1. pg. 9
BC 5.7 % PM25 GB 2022.D.3.b Road paving with asphalt. Table 3.1. pg. 9

5.6.2.2.Sourcespecific uncertainties and timeeries consistency

The inconsistency of the emissions in this sector comes from the fact that incomplete statistical data
on asphalt production, as well as change of ownership and closedown of some of the asphalt
production companies. No specific uncertainty analysis was done for this category.

5.6.2.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e. activity aktheagked

for plausibility and timeseries consitency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

5.6.2.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were carried out this category

5.6.2.5.Sourcespecific planned improvements including those in response to the review process

The national emission inventory team has found update activity data in MAKSTAT database for the
period 20162022 and will make recalutaion of these emissions in the next submission and will search
for historical activity data or use method for time seria consistency for thr next submission

5.6.3. Asphalt roofing NFR 2.D.3.c

The source category covers emissions from the asphalt roofing industry. The industry manufactures
saturated felt, roofing and siding shingles, and roll roofing and sidings. Most of thedacts are

used in roofing and other building applicatioAsphalt roofing contributes to NMVOC emissions by a
share of 0.08% in 202.

5.6.3.1.Methodological issues
To estimate (calculate) emissions from the asphalt roofing, the following general equatioedras b
adopted:

where:
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BEvoiutant = the emission of the specified pollutant,
ARyodution = the activity rate (data) for the asphalt roofing,

ERoiutant = the emission factor for this pottant.

Activity Data

For the period 1994999 activity data have been taken from the Statistical Yearbqodisapter
Industry, Energy and Constructi¢®2]. For the period 2002022, revised activity data for period
2007-2014, were taken from MAKSTAT datab$28], while due to the lack of data for the period
20022004 the gap filling interpolation method has been used.

The activity data for this source category is presented in the following table.

Table148Activity data for source categor?.D.3.c- Asphalt roofing

Asphalt roofing products Asphalt roofing products Asphalt roofing products

Year ) Year ) Year ()

1990 12572 2001~ 12 525 2012 17 727
1991 12 593 2002* 12 104 2013 13676
1992 5325 2003* 11 668 2014 6814
1993 4 067 2004~ 12 458 2015 10 146
1994 5901 2005 11 305 2016 14 402
1995 8873 2006 9773 2017 15183
1996 5992 2007 12 164 2018 17 114
1997 6 442 2008 14 401 2019 15 699
1998 5489 2009 18.783 2020 15175
1999 13429 2010 14 908 2021 18 119
2000* 13075 2011 25145 2022 17 563

*based on extrapolation

Due to a change of methodology in the collection of statistical data over the years, the list of different
type of data collected in 1990999 and20052022 are presented below. Data for the years 2000
2005 are not covered by the statistics but are calculated by use of interpolation.

Type of data available in the national statistics for 199999 and 2005020in tons
1990¢ 1999 Roof patch, Bitumen paper and jute;

Bituminous products for building;

2005¢ 2022 Roofing or waterproofing felts of roofing cardboard based on bitumen in rolls;
Roofing or waterproofing felts of metal foil based on bitumen in rolls;
Bituminous paper imolls;
Bituminous bands of glasgavein rolls;
Bituminous plastic bands in rolls;

Bituminous emulsions;
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Tar or other bituminous materials;

Other bituminous mixtures based on natural asphalt, bitumen and other (ex. bitumen
whale).

Emission factors
EmBsion factors used for this source category are presented in the following table:

Table149Emssion factors for source category 2.D.3.Road paving with asphalt

Pollutant Value Unit References
CcO 9.5  g¢/Mg shingle GB 2@32.D.3.c Asphalt roofing. Table 3.1. pg. 7
NMVOC 130 g/Mg shingle GB 2022.D.3.c Asphalt roofing. Table 3.1. pg. 7
TSP 1600 g/Mg shingle GB 2@32.D.3.c Asphalt roofing. Table 3.1. pg. 7
PM10 400 = g/Mg shingle GB 2022.D.3.c Asphalt roofing-able 3.1. pg. 7
PM2.5 80 g/Mg shingle GB 2022.D.3.c Asphalt roofing. Table 3.1. pg. 7
BC 0.013 % PM2.5 GB 2022.D.3.c Asphalt roofing. Table 3.1. pg. 7

5.6.3.2.Sourcespecific uncertainties and timeeries consistency
No specific uncertainty analysis was done for this category. The inconsistency in this sector is due to
use of different sources for the activity data in different period.

5.6.3.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried autthis source category, i.e. activity dataschecked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

5.6.3.4.Sourcespecific recalculations inclling changes made in response to the review process
No recalculations were done in this category.

5.6.3.5.Sourcespecific planned improvements including those in response to the review process
No planned improvements in this category.

5.6.4. Coatingapplication¢ NFR 2.D.3.d

Coating applications in North Macedonia include emissions from quantity of paint applied in the
industrial applications, other industrial applications and domestic application and this category is
source of NMVOC emissions

Methodological Issues

The methodology of the estimation of emissions in this sector was dang Gsoatian methodology
represented inThe Republic of Croatia Informative Inventory Report, 202P [Mamelyaccording to
this methodology sectors Industrial apgtion and Decorative application contribute in paints
consumptionwith equal weighting as sect@ther industrial applicationConsideringhe previously
mentioned,the application of paint in the industry present about 33% of the paint produt@&tbrth
Macedonia, and the same proportion was allocated the two other sectors. As a result, easdcsub
contributes with 33.3% to the total application of paint. At the end, the total amount of the paint
produced in North Macedonia was distributed tne present methodology and resulting amounts of
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paint in each sulsector were multiplied by the recommended FE (NMVOC) fromEME&P / EEA
Guidebookg 2019.

Activity data

The quantity of paint produced in the period 200615 is taken from the publicatisrindustry in the
Republic of North Macedonig28], for the period 201&022 data were takenom the MAKSTAT
databasg29], and the data for the importegxported paints are taken from the publication External
trade in the Republic of North Macedonia foe period 20062015[31]. For the years 2018022, the
data on thequantities of imported and exported paimtastaken from MAKSTAT databd84].

Tablel150Activity data for source category 2.D.3:dCoating application

Industrial application Decorative application Other industrial application
vear Paint [kg] Paint [kg] Paint [kg]
1990 5.039.128 5.039.128 5.039.128
1991 4.595.330 4.595.330 4.595.330
1992 4.309.611 4.309.611 4.309.611
1993 4.044.373 4.044.373 4.044.373
1994 3.671.095 3.671.095 3.671.095
1995 3.416.632 3.416.632 3.416.632
1996 3.608.965 3.608.965 3.608.965
1997 3.687.358 3.687.358 3.687.358
1998 3.771.334 3.771.334 3.771.334
1999 3.651.404 3.651.404 3.651.404
2000 3.739.061 3.739.061 3.739.061
2001 3.745.437 3.745.437 3.745.437
2002 3.728.881 3.728.881 3.728.881
2003 3.800.742 3.800.742 3.800.742
2004 3.683.217 3.683.217 3.683.217
2005 2.022.667 2.022.667 2.022.667
2006 3.388.000 3.388.000 3.388.000
2007 3.555.000 3.555.000 3.555.000
2008 3.669.667 3.669.667 3.669.667
2009 3.067.333 3.067.333 3.067.333
2010 3.458.333 3.458.333 3.458.333
2011 3.797.247 3.797.247 3.797.247
2012 4.567.084 4.567.084 4.567.084
2013 4.419.688 4.419.688 4.419.688
2014 4.273.947 4.273.947 4.273.947
2015 4.411.483 4.411.483 4.411.483
2016 4.121.652 4.121.652 4.121.652
2017 3.577.271 3.577.271 3.577.271
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Industrial application Decorative application Other industrial application

Year

Paint [kg] Paint [kg] Paint [kg]
2018 3.362.854 3.362.854 3.362.854
2019 3.503.141 3.503.141 3.503.141
2020 3.315.972 3.315.972 3.315.972
2021 3.512.100 3.512.100 3.512.100
2022 3.436.858 3.436.858 3.436.858

Emission factors
Emission factors for Tier 1 method from GR28are presented in the following table:

Tablel51Emission factors for source category 2.D.3 @oating application

Pollutant Value Unit References
NMVOC(Decorative 150 g/kg paint = GB 2@3Table 31 Tier 1 emission factors for source category 2.D.
coating application) applied Decorative coating application
NMVOC . . -

i ) 400 g/kg paint = GB 2@3Table 32 Tier 1 emission factors for source category 2.D.
(Industrial coating applied Industrial coating application
application)

NMVOC (Other coating 200 g/kg paint = GB 2@3Table 33 Tier 1 emission factors for source category 2.D.
application) applied other coating application

5.6.4.1.Sourcespecific uncertainties and timeeries consistency
No specific uncertainty analysis was done for this category.

5.6.4.2.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e. activity akthagked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables hadIR.

5.6.4.3.Sourcespecific recalculations including changes made in response to the review process
No recalculations we done in this category.

5.6.4.4.Sourcespecific planned improvements including those in response to the review process
The National emission inventory team has found activity data in the national statistics on of produced
buses and application of paint in contructiom. There are no activity data available on wood coating,
coil coating, vehicle refinishing, or other norustrial paint application). National emission inventory
team will make emission calculations with the com# to search available data and improve
calculation in this category in 2025 with the support of technical expertsd from IPA Il technical.project

5.6.5. DegreasingNFR 2.D.3.e

Degreasing is a process of cleaning products fmater-insoluble substances such as grease, fats, oils,
waxes, carbon deposits, fluxes and tars. In most caBesprocess is applied to metal products, but
also plastic, fiberglass, printed circuit boards and other products are treated by the samesproces

5.6.5.1.Methodological issues
The Tier 1 method has been applied. This method assumes an averaged or typical technology and
abatement implementation in the country and includes an integrated emission factor and emission
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factors for subprocesses within the swoe category. It is applied at a national level, using the
populationdata.

Activity Data

The activity data; number of populations for this source category have been updated with revised
numbers from MAKSTAT database for the period 18®2, while for e period 19961993, data
from the hard copy publications form SSO was used.

Table152 Activity data for the source category 2.D&Degreasing

Year Population number Year Population number Year Population number
1990 2 028 000 2001 2 023 654 2012 2 062 294
1991 2 033 964 2002 2029 892 2013 2 065 769
1992 2 056 000 2003 2035196 2014 2069172
1993 2 066 000 2004 2038514 2015 2071278
1994 1957 265 2005 2041941 2016 2073702
1995 1974 800 2006 2045 177 2017 2075 301
1996 1991 398 2007 2048 619 2018 2077 132
1997 2002 340 2008 2052722 2019 2 076 255
1998 2012 705 2009 2038 651 2020 2 068 808
1999 2021578 2010 2 057 284 2021 1836713
2000 2038 651 2011 2 059 794 2022 1836 714

Emissiorfactors
Emission factor used for the calculation of NMVOC emissions coming from this category are presented
below.

Table153Emission factor for source category 2.DePegreasing
Pollutant | Value Unit References

Informative Inventory Report of Republic of Serbia for 2@23which

NMVOC 0.85  kg/inhabitant/year refers to GB 2006

5.6.5.2.Sourcespecific uncertainties and timeeries consistency

An EF by population does not reflect courspecific circumstances, readnditions,and habits of use,

and gives increasing emissions when the population grows. In case population is estimated, this brings
additional uncertainty to the emission levels

5.6.5.3.Souce-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 timeseries consistency; emission data was checked for completeness and for
consistency between thcalculation files, NFR tables and the IIR.

5.6.5.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this category.

5.6.5.5.Sourcespecific planned improvements including those in response to the esviprocess

The National emission inventory team has found data of the named solvents for the perio@@222

in the MAKSTAT database. Historical data will be searched in the hard cagtjcstiagearsbook or
suitable method for time consistency will be use. Calculation of emissions from available data will be
reported in the next submission
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5.6.5.6.Dry cleaning; NFR 2.D.3.f

Dry cleaning refers to any process of removal of camtation from furs, leather, down leathers,
textiles, or other objects made of fibers using organic solvents. The most significant pollutants from
dry cleaning are nomethane volatile organic compounds.

5.6.5.7.Methodological issues

The calculation in thisategory is based on the volume of solvents, including chlorinated organic
chlorinated solvents using Tier 1 method. This method assumes an averaged or typical technology,
and abatement implementation in the country, and includes an integrated emissidar faod
emission factors for suprocesses within the source category. It is applied at a national level, using
the population.

Activity Data
Due to the lack of data on textile treatment, the activity data considered in this source category is
population.Population data for the source category 2.D.8Begreasing, is presented in Tab&01

Emission factors
Emission factor for the calculation of NMVOC emissions is given below.

Tablel54Emission factor for the source category 2.D-3iry Cleaning
Pollutant Value Unit References

NMVOC 0.3 kg/inhabitant/year GB 2013 2.D.3.f Dry cleaning. pg. 6

5.6.5.8.Sourcespecific uncertainties and timeeries consistency

An EF by population does not reflect courspecific circumstances, readnditions,and habits of use,

and gives increasing emissions when the population grows. In case population is estimated, this brings
additional uncertainty to the emission levels.

5.6.5.9.Saurce-specific QA/QC and verification

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

5.6.5.10.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this category.

5.6.5.11.Sourcespecific planned improvements including those in response to tegiew process

MEPP already sent questionnaires on amount of treated textile in dry cleaning shops but received only
limited number of responsesMEPP will make analysis of athBR reports and tryto gather
information of the manner of activity data dagring.

5.6.6. Chemical productg NFR 2.D.3.g
This subchapter covers emissions from:

polyurethane and polystyrene foam processing;
asphalt blowing;

tire production;

specialty organic chemical industry;

> I >
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A" manufacture of paints, inks and glues;
A fat, edible and noredible oil extraction;
A Industrial application of adhesives.

Emissions from manufacturing of chemical products include NMVOCs apdTREl chemical
production in the country is variable, because after the fall ofregoslavia, the economy in our
country exrienced several shocks that damaged the local economy. The economy began to recover
in 1995 and recovered only after 2001. This situation influenced the trend series emissions coming
from the chemicals production branch.

5.6.6.1.Methodological issues
The followirg equation form Tier 2 approach has been used for calculating emissions from chemical
products:

Where:
ARsse tehnology= the use of spefic chemicaproducts.

ERehnology,poliutants= the emission factor for this technology atese pollutants

Activity Data

The activity data for this source category have been taken from the Statistical yearicbabter
Industry, errgy and construatin for the period 199€200422] and publication Industry in the
Republic of North Macedonia for the period 26R815[28] as well as MAKSTAT database for 2016
2021 [29] The activity data are presented in the following table.

Tablel155Activity data for source category 2.D.3:gChemical products

Asphalt Rubber

Year Polyester/k | Polyurethane | Polystyrene Shoos/pairs Lee_ather Iri)lin;‘ d bltowing/ Pro;ea?]ing/k

9 kg kg tanning/kg glues/kg ones Manufactori

ng of tyres

1990 16 450000 NO NO 6 638 000 NO NO 12 500 NO
1991 12 440 000 NO NO 4 049 000 NO NO 12 500 NO
1992 11 150 000 NO 364 000 3667 000 10 797 000 NO 12 500 1 355 000
1993 4466 000 NO 382 000 2308000 10197000 NO 12 500 1145 000
1994 8628 000 NO 455 000 1529 000 9177 000 NO 12 500 978 000
1995 9904 000 NO 378 500* 1122000 10119 500* NO 12 500 680 500*
1996 3212 000 NO 302 000 1231 000 11 062 000 NO 12 500 383 000
1997 3820 000 NO 363 000 1 509 000 7 491 000 NO 12 500 371 000
1998 2 642 000 NO 547 000 1790 000 4 908 000 NO 12 500 417 000
1999 NO NO NO 2 488 000 NE NO 12 500 NO
2000 NO NO NO 2129 000 NE NO 12 500 NO
2001 NO NO NO 1 073 000 NE NO 5500 NO
2002 NO NO NO 1 521 000 NE NO 5500 NO
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Year

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

g

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

/kg

NO
NO
1095 000
1 405 000
1129 000
1239 000
1132000
1033 000
1059 000
1221000
1166 000
697 000
NO
896 000
1633 000
2429 000
2670000
2 815000
4844 000
4 285 000

Polyester/k | Polyurethane | Polystyrene

/kg

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Leather Paints.
Shoos/pairs tannina/k Inks and
g’kg glues/kg
1 799 000 NE NO
1 785 000 NE NO
1 540 000 NE 6 068 000
1 739 000 NE 5252 000

2860 000 114 000 4982 000
2853 000 111 000 4 604000
3 036 000 143 000 3972 000
3290 000 141 000 5407 000
3 148 000 160 000 2834000
3 047 000 93 000 1914 000
4 631 000 94 000 1 306 000
5128 000 81 000 817 000
4 195 000 94 000 991 000
4 286 000 81 000 891 000
3815000 87 000 768 000
3550 000 98 000 867 000
2910000 80 000 1319 000
1 583 000 67 000 933 000
1 543 000 107 000 1077 000
1911 000 99 000 787 000

Asphalt
blowing/

tones

5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
2000
2000
2000
2000
2000
2000
2000

Rubber
Processing/k
gand
Manufactori
ng of tyres

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

*Datafor chemical products in 1995 is based on Interpolation between the previous year and the next year. The value is thefaherage
previous year and the next year. For the other years, it is expected that no prodoctons

Emission &ctors

The emisgin factorswhich wereused for calculation of emissions taken from GB2r different
types of activities. The emission factors are presented in the following table.

Table156 Emission factors for source category 2.D.3@hemical Products

Pollutant

NMVOC

NMVOC

NMVOC
NMVOC

NMVOC

TSP

Cd

Value

50

120

60
8

1710

12000

0.0001

Unit

References

o/kg polyester monomer used GB 2@3 2.D.3.g Chemical products

g/kg polyurethane foam

processed

g/kg polystyrene

g/kg rubber produced

g/Mg asphalt

g/Mg asphalt

g/Mg asphalt

GB 2@3 2.D.3.g Chemical products

GB 2@3 2.D.3.g Chemical products
GB 2@3 2.D.3.g Chemical products

GB 2@3 2.D.3.g Chemical products
Bitumen blowing, coating

. Tabl@.3g. 17

. Tabi8.3g. 1718

. Tabld.3g. 18
. Tabté.3g. 1819
. Tablé@ pg. A

GB 2@3 2.D.3.g Chemical products. Tablé® pg. 2

Bitumen blowing, coating

GB 2023 2.D.3.g Chemical products. Talile.3g. 21
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Pollutant | Value Unit References
Bitumen blowing, coating

GB 2023 2.D.3.g Chemical products. Talile. pg. 21

As 0.0005 g/Mg asphalt . . .
Bitumen blowing, coating
GB 2023 2.D.3.g Chemical products. Talile.3g. 21
Cr 0.006 g/Mg asphalt . . .
Bitumen blowing, coating
) GB 2023 2.D.3.g Chemical products. Talile.3g. 21
Ni 0.05 g¢/Mg asphalt ) ) .
Bitumen blowing, coating
GB 2023 2.D.3.g Chemical products. Talile.3g. 21
Se 0.0005 g/Mg asphalt . . .
Bitumen blowing, coating
GB 2023 2.D.3.g Chemical products. Talile.3g. 21
PAH 2.55 g/Mg asphalt . ) .
Bitumen blowing, coating
NMVOC 11 g/kg products (paints. inks. glues GB2023 2.D.3.g Chemical products. Tabl¢ R pg. 22
NMVOC 0.045 kg/pairs of shoes GB 2@3 2.D.3.g Chemical products. Tabld3 pg. 23
NH; 0.68  g/kg raw hid (leather tanning) GB 2@3 2.D.3.g Chemical products. Tablé4 pg. 24

5.6.6.2.Sourcespecific uncertainties and timeeries consistency
No sourcespecific uncertainties were done for the sector; the emissions vary due to the unstable
economy over the years.

5.6.6.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e. activity dateheeked

for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

5.6.6.4.Sourcespecific recalculations including changes made in response to the reviewga®c
No recalculations were done in this category.

5.6.6.5.Sourcespecific planned improvements including those in response to the review process

The national emissi inventory team has started to gather data on the solvents uggthfonaceutical
products manufacturing. However historical data before 2002 are missing and need to be gathered or
method for time consistency will be usddata on asphalt blowing are included. Manufacture of tires
and adhesive tags arenot occurring No data were found on théextile finishing. It is planned to
improve this category in the next submission.

5.6.7. Printing NFR; 2.D.3.h

Printing involves the s of inks, which may contain a proportion of organic solvents. Therefore,
NMVOC emissions are expected from this process.

5.6.7.1.Methodological issues
The simplified Tier 1 methodology for calculation of NMVOC emissions has been used. Namely, the
quantity of inkused was multiplied with the appropriate emission factor.

Activity data
Data on ink consumption in the printing industry has been required from the SSO for the time series
19902022 sincethis data was not published in the statistical publications. Bezdlus data has not

Page 225 Republic of North Macedonia INFORMATIVE INVENTORY REPOR T



been published so far, MEPP received a request by the SSO not to publish the activity data in the
report. Therefore, this activity data is not presented in this report.

Emission factors
Emission factor for NMVOC has been taken from GB @0d is presented in table below.

Tablel57 Emission factors for source category 2.D.3.h Printing
Pollutant | Value Unit References

NMVOC 500 g/kg ink GB 2@3Table 31 Tier 1 emission factors for source category 2.D.3.h Printing

5.6.7.2.Sourcespecific uncertainties and timeeries consistency
No source specific uncertainty was done for this sector.

5.6.7.3.Sourcespecific QA/QC and verification

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

5.6.7.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in the sector.

5.6.7.5.Sourcespecific planned improvements including those in response to the review process
The confidentiality of activity datavas included in the IIR as recommended by ERT. No planned
improvements in this sector.

5.6.8. Other solvent and product useNFR 2.D.3.iand 2.G
NMVOC emissions are expected from this sector. Emissions from the following activities have been
calculated in thisaurce category:

A 060404 Fat, edible and needible oilextraction.

A 060406 Preservation of wood:

A 060602 Use of tobacco and

A 060603 Use of shoes
Underthe NFR categorf.G we have reported emissions from Tobacco use (tones) and Use of shoes
calculated from producedmported, and exported products, and under[23.i emissions from Fat,
edible and noredible oil extraction and Preservation of wood have been included.

5.6.8.1.Methodological Issues

Tocalculate activity data fothese categories Use of shoasd Tobacco consumption the following
formula have been used Use of shoes/tobacco = (produced product + imported predpctted
product. Consumption of creosote has beenadated with the formula 75 kg creosote/m3 wood,
where kg of wood preservative used was taken from the Statistical yearbooks. Regarding the activity
Fat, edible and noedible oil extraction statistics on different vegetable oil types have been used for
estimation of seed quantity.

Activity data
The activity data on tobacco and pairs of shoes has been taken from the Statistical yeadt@gksr
Industry, energy and construction for the period 198004 [22], and from the publication of the
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& L Y R dzhé Républic ¢f North M&&R2 YA I € T T 2 NR01IK[E3] Aol0UE22Rdata n 1 p
from MAKSTAT database were ug2fl]. Thedeepthat is visiblein 2009 and jump in the 2012 are
according to the produce parquet and wood packaging; the variable trendmédye to the economic
reasons and not stable production in this sector.

The activity data are presented in the following table.

Tablel158Activity data for the source category 2.D.3.i and 2-@ther solvent and product use
(Souce Statistical yearbooks (1992004) andMAKSTATIhdustry in the Republic of North
Macedonia (20052022),

Fat, edible and noredible oil

Year Tobaccdtones] Creosote[kg] extraction-seed[kg] Pairs of shoes
1990 26 481 261 440 38303 6 638000
1991 16 576 209 583 39 190 4049000
1992 22 297 241 980 32975 3667000
1993 25964 197 934 30218 2308000
1994 21143 163 377 47 598 1529000
1995 16 152 123 016 30990 1122000
1996 13980 82013 54 763 1231000
1997 14 904 55 388 52 515 1509000
1998 23297 47 551 47 063 1790000
1999 29 005 43 522 28 165 2488000
2000 18 991 38 073 39 048 2129000
2001 26 110 127 308 38 388 1073000
2002 20 547 100 054 71910 1521000
2003 25689 111 090 64 698 1799000
2004 15 317 158 732 61 148 1785000
2005 2721 86 241 59 138 1590000
2006 1859 78 125 63578 1892504
2007 996 68 738 61 973 2121404
2008 3854 53 457 76 303 2320371
2009 4893 11184 75 020 3142440
2010 10413 58 775 78 368 2957658
2011 10 138 54 654 82848 3408829
2012 3151 144 749 80 805 3388013
2013 6 365 113 177 77 008 1599026
2014 11 133 82 300 83 258 3876229
2015 9 040 106 723 102 678 4381143
2016 6 425 83 275 101 118 4355002
2017 6113 78 150 65 370 3876436
2018 12 674 89210 76 733 1700692
2019 7 388 74 151 83548 1066440
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Year

2020
2021
2022

Tobaccdtones]

7 956
7 664
1086

Emission factors

Fat, edible and noredible oil

Creosotelkg]

88 288
95 430
87 228

Pairs of shoes

extraction-seed[kg]

74 978 926 875
76 403 679 481
87 228 554 253

The Emission factors have been taken from GE320d are presented in thillowing table.

Table1l59Emission factors for source category 2.D.3.i and 2@her solvents and product use

Pollutant

NOx

NMVOC

NH3

PM2

5

PM10

TSP

BC

CO

Cd

Ni

Zn

Cu

PCDD/F

Activity

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Value

1.8

4.84

4.15

27

27

27

0.45

55.1

54

2.7

2.7

54

0.1

Unit

kg/ton tobacco

kg/ton tobacco

kg/ton tobacco

mg/ cigarette

mg/ cigarette

mg/ cigarette

% of PM2.5

kg/ton tobacco

eg/cigarette

eg/cigarette

eg/cigarette

eg/cigarette

ny FTEQ/ton
tobacco

References

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiomg 22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3.2.G Other solvent and product use
Tobacco combustiomg22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiomg22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3.2.G Other solvent and prodt use
Tobacco combustiomg22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiomg22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiorpg22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiorpg22,23

GB23 Table 315 Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiomg22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiorpg22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and prodt use
Tobacco combustiomg22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiorpg22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiorpg22,23

GB23 Table 315 Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiopg22,23
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Pollutant

benzo(a)
pyren

benzo(b)
fluoranthene

benzo(k)
fluoranthene

Indeno
(1.2.3cd)

pyren

NMVOC

benzo(a)
pyren

benzo(b)
fluoranthene

benzo(k)
fluoranthene

Indeno
(1.2.3cd)

pyren

NMVOC

NMVOC

PM2.5

PM10

TSP

Page 229

Activity

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Tobacco
combustion

Wood
preservation.
Creosote
preservative

type

Wood
preservation.
Creosote
preservative

type

Wood
preservation.
Creosote
preservative

type

Wood
preservation.
Creosote
preservative

type

Wood
preservation.
Creosote
preservative

Manufacturing
of shoes

Fat. edible and

non-edible oil
extraction

Fat. edible and

non-edible oil
extraction

Fat. edible and

non-edible oil
extraction

Fat. edible and

non-edible oil
extraction

Value

0.111

0.045

0.045

0.045

105

1.05

0.53

0.53

0.53

0.06

1.57

0.6

0.9

11

Unit

g/ton tobacco

g/ton tobacco

g/ton tobacco

g/ton tobacco

g/kg creosote

mg/kg creosote

mg/kg creosote

mg/kg creosote

mg/kg creosote

kg/pair of shoes

g/kg seed

g/kg seed

g/kg seed

g/kg seed

References

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other salent and product use
Tobacco combustiomg22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiomg22,23

GB23Table 315Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiomg 22,23

GB23Table 315 Tier 2 emission factors for source
category 2.D.3,2.G Other solvent and product use
Tobacco combustiomg22,23

GB23Table 35 Tier 2 emission factors for source
category 2.D.3.i, 2.G Other solvent and product us
Preservation of woodCreosote preservative type,

pgl7

GB 23 Table-8 Tier 2emission factors for source
category 2.D.3.i, 2.G Other solvent and product us
Preservation of wood, Creosote preservative type,

pg.17

GB 23 Table-8 Tier 2 emissiofactors for source
category 2.D.3.i, 2.G Other solvent and product us
Preservation of wood, Creosote preservative type,

pg.17

GB 23 Table-8 Tier 2emission factors for source
category 2.D.3.i, 2.G Other solvent and product us
Preservation of wood, Creosote preservative type,

pg.17

GB 23 Table-8 Tier 2 emissiorattors for source
category 2.D.3.i, 2.G Other solvent and product us
Preservation of wood, Creosote preservative type,

pg.17

GB23 Table 316 Tier 2 emission factors for source
category 2.D.3.i, 2.G Other solvent and product us
Other, Use of Shoepg24

GB23 Table 34 Tier 2 emission factors for source
category 2.D.3.i, 2.G Other solvent and product us
Fat, edible and noedible oil extraction, pd.6

GB23 Table 34 Tier 2 emission factors for source
category 2.D.3.i, 2.G Other solvent and product us
Fat, edible and nordible oil extraction, pd.6

GB23Table 34 Tier 2 emission factors for source
category 2.D.3.i, 2.G Other solvent and product us
Fat, edible and noedible oil extraction, pd.6

GB23Table 34 Tier 2 emission factors for sme
category 2.D.3.i, 2.G Other solvent and product us
Fat, edible and nordible oil extraction, pd.6
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5.6.8.2.Sourcespecific uncertainties and timeeries consistency
No specific source uncertainty is done for the sector.

5.6.8.3.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this category.

5.6.8.4.Sourcespecific planned improvements including those in responsetlie review process

The ERT recommended ioclude emissions estimates in the inventory from activities like Use of
fireworks, Other product use (concrete additive, cooling lubricant, lubricant, pesticide and other
industrial application of solvents ingrlucts) and Barbeque, which fall under the scope of NFR 2G and
Glass wool enduction, Mineral wool enduction, Application of glues and adhesives, Underseal
treatment and conservation of vehicles, Vehicles dewaxing and Other (preservation of seeds;h.), whi
fall in the scope of NFRI23.i. The national inventory team has searched datd find out that data

on concreate addive and pestiales exist however data onVehicles dewaxing and Other
(preservation of seeds,...lise of fireworks are noavailablein the National statisticsRequest for
data on the slolvent use for aircrqgft deicing are required from the two existing airports but data are
not received yetActivities likeGlass wool enduction, Mineral wool enductiare not occuringThe
improvement of this categgr will be carried outin the forthcoming Technical IPA project on
implementation on air quality directives.

5.6.9. Food and beverages industriWFR 2.H.2
This source category addresses NM\&Dtissions from food and beverages manufacturing, except
emissions from vegetable oil extraction

5.6.9.1.Methodological issues
The Tier 2 approach has been applied. Both the activity data and the emission factors have been
stratified according to the different &hniques that occur in the country.

The following equation form Tier 2 approach has been used for calculating emissions from food and
beverage industry:

(0] 0'Y 00

3¢
¢

Where:
ARroduction, tehnalogy= the production rate within this source category;

ERennology poliutants= the emission factor for this technology atigése pollutants

Activity Data

The activity data for this source category has been taken from the Statistical yearlohalpter
Industry, energy and construction for the period 198104 and publication Industry in the Republic

of North Macedonia for th@eriod 20052022. The data on wme production for the period 1990004

on wine and spirits was presented in total and therefore a proportion was used to divide this type of
product. Additionally, data on wine production was officially required from theisitiy of agriculture,
forestry, and water supply, but they responded that they do not have such data available. They are
revised available activity data for period 2609 MAKSTAT databadeue to revised available
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activity data for white wine produced since 2007 there are data foewind white wine. The activity

data for the period 199@006 for wine is for total wine produced (unspecified color). The animal feed

is decreasing because of the decrease of the number of animals (see Agriculture chapter). The
production of sugar varieduring the reported period because there is only one major company
dealing with sugar production. The company stopped with operation in 2015, so this process is not
occurring since. Also, for period 20Q©22 activity data for roasted coffee are includethe activity

data is presented in the following table. There were no available data for the years before 2007.

Tablel60Activity data for source category 2.H:Z0od and beverage industry (Sourctafistical
yearbook (year)19902004) and Industry in the Republic of North Macedonia (2€8R2)

Cakes.
Wine Animal Margarine Meat. fish biscuits Coffee
Year | spirits/hL beer/hL wine/hL white / Feed/t and solid Sugar/t and and Bread/t It
hL cooking fat/t poultry/t breakfast

cereals/t
1990 13100 958224 1296900 NE @ 180625 1972 13904 11855 13063 102392 NE
1991 16165 928043 1572000 NE @ 167137 1972 8 624 10921 13328 86892 NE
1992 21708 860843 2111000 NE @ 140320 1972 8 140 8121 15112 99149 NE
1993 21708 951854 2274000 NE 143034 1972 6 677 7128 12602 85379 NE
1994 23710 724974 2347290 NE @ 126 146 1972 6 351 33787 12583 85014 NE
1995 26920 620201 2665080 NE @ 126583 1972 7205 29 375 12308 84901 NE
1996 40040 622223 3963960 NE 130248 1972 17993 29 368 11824 84382 NE
1997 31800 600092 3148200 NE @ 105754 1972 35183 27800 11426 83817 NE
1998 24790 578212 2454210 NE 97 947 1972 40354 25971 11657 82740 NE
1999 30070 652165 2976930 NE 97 946 1972 43039 26512 12296 81184 NE
2000 27820 659829 2754180 NE 97 995 1972 31923 27470 11408 78632 173
2001 43900 622181 4346100 NE 75 003 1972 18004 26041 10995 74689 899
2002 37960 637894 3758040 NE 68 382 1972 36614 27471 10828 68425 2686
2003 28350 680217 2806650 NE 61474 1972 33334 29835 10454 58606 2109
2004 12424 717 496 516 000 NE 55 235 1972 27810 29839 10113 43115 2600
2005 10548 675325 948 489 NE 77 025 1734 36815 28 264 8 051 45654 @ 3005
2006 11831 669 648 703 005 NE 73 497 1903 19325 28041 8 030 44774 @ 2931

2007 9824 695140 578953 ggg 85790 2079 35927 22589 5607 59003 4383
2008 7608 702382 707271 ggi 81198 2240 43731 26156 6938 65124 4365
2009 7904 635922 743463 ggg 74353 2225 23460 26437 9603 59699 4185
2010 11284 631371 661793 ‘5"2(15 72434 2387 37998 28644 25419 62492 4338
2011 7442 611836 815914 ‘5‘82 77183 2340 30423 30732 25548 67518 4185
2012 10341 633621 591291 ggz 62695 2228 21414 35473 30144 68723 4214
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Year | spirits/hL

2013 11548
2014 9847
2015 10848
2016 12481
2017 11582
2018 13082
2019 13269
2020 11649
2021 13854
2022 14574

beer/hL

617 124

640 948

656 672

672 487

705 497

736 062

738 396

662 360

696 215

667 352

Emission factors

wine/hL

686 841

396 630

605 404

602 187

367 020

565 799

522 317

568 586

477 946

404 842

Wine
white /

hL

599
049

399
351

500
017

460
461

397
953

462
320

388
943

374
166

361
482

439
903

Animal
Feed/t

46 983

47 553

45 553

40 563

48 348

45117

47 623

46 576

45 084

37 286

Cakes.

Margarine Meat. fish biscuits
and solid Sugar/t and and Bread/t
cooking fat/t poultry/t breakfast

cereals/t

2433 22916 35686 31181 60127
2339 12085 32155 31150 62919
2328 NO 31278 39532 63808
2118 NO 32125 36303 64751
2374 NO 30706 36374 59968
2324 NO 34916 37656 57528
2 656 NO 26947 37495 56670
2596 NO 25421 38144 47119
2685 NO 27 310 36269 45266
2922 NO 24 999 31312 43986

Coffee
It

4 405

3894

4 160

4 609

4239

4 306

4344

4100

4 258

4 096

The emission factors for estimation of NMVOC emissions are presented in the following table.

Tablel61Emission factors for source category 2.H.Rood and beverages industry

Pollutant

NMVOC

NMVOC

NMVOC

NMVOC

NMVOC

NMVOC

NMVOC

NMVOC

NMVOC

Value

Unit

15 ' kg/hL alcohol(spirits)

35  g/hL beer

80 g/hL wine

35  g/hL white wine

1 kg/Mg animal feed

10

cooking fats)

10 @ kg/Mg sugar

0.3

poultry)

breakfast cereals)

kg/Mg product (Margarine and solid

kg/Mg product (meat, fish and

kg/Mg product (cakes, biscuits and

References

GB 2@3, 2.H.2 Food and beverages industfable 328, pg.
23

GB 2@3, 2.H.2 Food and beverages industry, Tak@&,3g.

22

GB 2@3, 2.H.2 Food and beverages industry, Takd,3g.

21

GB 2@3, 2.H.2 Food and beverages industry, Také,3g.

22

GB 2@3, 2.H.2 Food and beverages industry, Tak2,3g.

20

GB 2@3, 2.H.2 Food and beverages industry, Tak2é,3g.

19

GB 2@3, 2.H.2 Foodnd beverages industry, Table8, pg.

19

GB 2@3, 2.H.2 Food and beverages industry, Takl8,3g.

18

GB 2@3, 2.H.2 Food angdeverages industry, TablelB, pg.

18
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Pollutart | Value Unit References

GB 2@3, 2.H.2 Food and beverages industry, Takld,3g.
16

GB 2@3, 2.H.2 Food and beverages industry, Tak8,3g.
20

NMVOC 4.5  kg/Mg bread

NMVOC 0.55 kg/Mg beans (roasted coffee)

5.6.9.2.Sourcespecific uncertainties and timeeries consistency

A guantitative uncertainty analysis has not yet been carried out to the Macedonian invehtdrig

is scheduled for the future. Source category specific information on uncertainties will be athéed
the results are available. The trends of the food productme variable due to the change of the
methodology in the statistics, as well as due to the unstable regime of the major food installations.

5.6.9.3.Sourcespecific QA/QC and verification

Standard QAQC procedures were carried out for this source category, i.e. activity data were checked
for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tables and the IIR

5.6.9.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this category.

5.6.9.5.Sourcespecific planned improvements including those in response to the review process
No planned improvements in this cagory.

5.6.10.Wood processing NFR 2.1

This source category is only important for particulate emissions. The emissions from this source
category however are less than 1% of the national emissions for particulates.

5.6.10.1.Methodological issues
The simplified Tier 1 methodology for emission calculatian been used. Namely, the quantity of
activity data is multiplied with the appropriate emission factor.

Activity data

The input data for this source category is the quantity of different type of final products. These data
have been taken from the Statigtal Yearbooks of the Republic of North Macedonia for the period
1990-2020[22] and the publication Industry in the Republic of North Macedonia for the period-2005
201928], and data form MAKSTAT database for period [29]

Table162 Activity data for source category 2-IWood processing

Wood processed Wood processed

Year Year Wood processed [Mg] Year

Mg] [Mg]
1990 66 889 2001 16 882 2012 19 251
1991 52 422 2002 10 015 2013 14 211
1992 46 790 2003 19913 2014 14 414
1993 44 454 2004 24 263 2015 11 496
1994 40 402 2005 15509 2016 10 098
1995 29 144 2006 21 866 2017 10 660
1996 27 210 2007 15173 2018 7 698
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Wood processed Wood processed

Year [Mg] Year Wood processed [Mg] Year Mg]

1997 23188 2008 12 863 2019 10 102
1998 17 048 2009 4 429 2020 9701
1999 22 568 2010 14 225 2021 9816
2000 18173 2011 11 986 2022 10 136

Emission factors
Emission factor for estimation of TSP have been taken from @B&@l they are presented in the
table below.

Tablel63Emission factors for source categoByl Wood processing

Pollutant | Value Unit References
TSP kg/Mg wood GB 2@3Table 3.1 Tier 1 emission factors for source category 2.1
products Wood processing

5.6.10.2.Sourcespecific uncertainties and timeeries consistency
No source specific uncertainty was done for this sector.

5.6.10.3.Sourcespecific QA/QC and verification

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

5.6.10.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this category.

5.6.10.5.Sourcespecific planned improvements including those in response to the review process
No planned improvements ithis sector

5.6.11.Consumption of POPs and heavy metadR 2.K
This source category is only important for PCB and Hg. The emissions in this category were calculated
due to ERT recommendation.

5.6.11.1.Methodological issues
The simplified Tier 1 methodology for emissicalculation has been used. Namely, the quantity of
activity datag populationis multiplied with the appropriate emission factor.

Activity data
The input data for this source categorypepulation data Population data for the source category
2.D.3.ec Degreasing, is presented Tablel60.

Emission factors
Emission factor for estimation &fCB and Higave been taken from GB 2Band they are presented
in the table below.
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Tablel64Emission factors for source category 2®onsumption of POPs and heavy metals

Pollutant Value Unit References

PCB 01 g/capita GB 2@3 Table 31, Tier 12.k Consumption of POPs and heavy metals
pg6

Hg 0.01 g/capita GB 2@3Table 31, Tier 1, 2.KConsumption of POPs and heavy metals
pg.6

5.6.11.2.Sourcespecific uncertainties and timeaeries consistency
No source specific uncertainty was done for this sector.

5.6.11.3.Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source category, i.e. activity data were checked
for plausibility and timeseries consistency; emission data was checked for completeness and for
consistency between the calculation files, NFR tableslamdiR.

5.6.11.4.Sourcespecific recalculations including changes made in response to the review process
No recalculations were done in this category.

5.6.11.5.Sourcespecific planned improvements including those in response to the review process
Due to highuncertainty of the Tier 1 methodology, possibility the use higher tier level will be
investigatel if datafrom the POPs inventty which is developed by the POPs office iBRNP can be
use for ths purpose.
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The Agriculture sector is a major source category for ammonia emis@@¥isof the total national
emissions of Nkare emitted from the agricultural sector.

In the Macedoniamationalinventory emissions from emissions from several NFRsiat reported
due to not available activity data, but more detail explanation isrgbadow.

In general, a simple Tier 1 methodology is used, multiplying activity data for each source category with
an appliedemission factor. fie methodology of selection of emission factors in the manure
management source category is described in detail belmission factors from EMEP Guidebook
2023were mostlyused for calculation of emissiofigr 3B categories in thisecta. Older versions of
Guidebook are use for calculation of emissions in 3D categories.

In the table béow NFR categories covered in the Agriculture sector f@P20e presented, which are
not included in this sector and for which appropriaiation keys are used.

Table165NFR categories covered in Agriculture sector for 12922

3Bla Manure managemerairy cattle K
3B1b Manure managemeritlon-dairy cattle K
3B2 Manure managemenSheep K
3B3 Manure managemerwine K
3B4d Manure managemenGoats K
3B4e Manure managemenHorses K
3B4gi  Manure management.aying hens K
3B4gii  Manure managemenBroilers K
3B4giii  Manure managemenfTurkeys K
3B4giv  Manure managemenOther poultry K
3Dal Inorganic-fértilizers (includes also urea application) K
3B4f Manure managemeritlules and asses NE
3B4a Manure managemenBuffalo IE
3B4h Manure managemer®Dther animals (please specify in IIR) NO
3Da2a  Animal manure applied to soils K
3Da2b  Sewage sludge applied to soils NE
3Da2c  Other organic fertilizers applied to soils (including compost) NA
3Da3 Urine and dung deposited by grazing animals K

3Da4 Crop residues applied to soils NA



3Db Indirect emissions from managed soils NA

3Dc Farfevel agricultural operations including storage, handling and transport of K
agricultural products

3Dd Offarm storage. handling and transport of bulk agricultural products NA
3De Cultivated crops K
3Df Use of pesticides NO
3F Field burning of agricultural residues NO
3l Agriculture other (please specify in the IIR) NO
3B4h  Manure managemenDther animals (please specify in IIR) NO

3.B.4.f Mules and asses: No data were received for number of mules and asses in the reporting period
upon request sent to the state statistical office (NE).

3.B.4.a:Buffalos: only historic data are available. Buffalos are included in the Other cattle category
(3.B.1.b), as buffalos are bovines and no data for buffalo is available from 2007 orwarce (Series
consistency). The NHEF for buffalos and other catt(solid) is very similar.

3.B.4.h Other animals: The inventory includes all animals provided in the statistical review of North
Macedonia. No additional animal categories are relevant for North Macedonia (NO).

3.D.a.2.a:Animal manure applied to soilsmissions are included in sectof3as calculations follow
the tier 1 approach. Therefore, the notation key IE is used for this sectaremidsions of source
category 3.D.a.2.a animal manure applied to soils have been reported from submission 201dsonwar

3.D.a.2.b: Sewage sludge applied to soils: This source is not estimated (NE). Activities (tons of sewage
sludge annually spread) are not availabfecording to our investigations there are available data on
sewage sludge. In the SSO database threagedlable dataWastewater treatment plants are also
producing sewage sludgleut according to information that we have gained up to now sewage sludge
has beerused in Agriculture.

3.D.a.2.c:The EMEP/EEA Guidebook 2013 does not provide methodologiesngasion factors for
this source category. Thus, fother organic fertilizers applied to soils (including compost) the
notation key NA is reported.

3.D.a.3 Urine and dung deposited by grazing animals: Emissions are included in sértas 3.
calculationsfollow the Tier 1 approach. Therefore, notation key IE is used.eNtissions of source
category 3.D.a.3 Urine and dung deposited by grazing animals have been reported from submission
2017 onwards.

3.D.a.4:The EMEP/EEA Guidebook2(@rovide methodologieand emission factors for this source
categoryfor ammonia Thus, emissions from Crop residues applied to soils are reported.ds iSIA
plannedto calculate these emissions for the next reporting round or use NE feif Bilculations are
not completedin the IPA Il project for the next submission.



3.D.n The EMEP/EEA Guidebook220loes not provide methodologies and emission factors for
calculating emissions resulting from the deposition of N emitted from managed soils. Thus, for indirect
emissions frommanaged soils NA is reported.

3.D.d The EMEP/EEA GuidebookR2@oes not provide methodologies and emission factors for this
source category. Thus, for @#rm storage, handling and transport of bulk agricultural products NA is
reported.

3.E NO is reprted for source category 3fField burningThereason as required by the Stage 3 review
for agriculture B] isthe following. According to thBIATIONAL implementation plan of reduction and
elimination of the persistent organic pollutants in the Republic of Macedonia, issued byiristry

of environment and physical planning2804¢ Table 1.3: The state of the production and use of POPs
subgances in the Republic of Macedonia, HCB is not used iR¢ipablicof Macedonia.

Moreover, according to National plan for ratification of the three lgt®tocols it is stated HCB was
widely used as a pesticide to protect the seeds of onions and sprghtbeat, and other grains against
fungus until 1965.

3.I: Agriculture other, does not occur (NO).

The Tier 1 default approach following the GB 2013 and the GB 2016 has been used.

Emission factors for NOx, NMVOC and PM have been obtained from EMEP/EEA Air Pollutaat GB 20
Separate default Tier 1 EFs are provided for slurry and-litssed manure maagement systems to

be multiplied with the animal numbers of the appropriate livestock categories. The manner of data
filing as well as analysis of provided information for the selection of proper emission factors for
different substances is presented below

The input data in this subector is the number of registered heads of each domestic animal species.
All activity data is derived from the Statistical Yearbooks for period -P996 [22] and Publication
Livestock prepared by the State Statistical Office for the period-2005[33] and MAKSTAT database
for activity data for 201022 [33]. The numbers per livestock category are presented in T&e 1
The rumber of different categories of poultry is presentiedTablel67.

Tablel66 Domestic livestock population and its trend 1962022

1990 122 318 | 166 458 178537 154 359 24178 | 2297 115 252 904 66 282
1991 120476 | 163 361 170 975 145 973 25002 | 2250549 245 466 65 155
1992 121 097 | 165001 173.006 147 479 25527 | 2351 408 238 027 64 576
1993 121614 | 159835 184 920 151 605 33315 2458648 230 589 61 748
1994 122 006 | 160 351 171571 138 809 32762 2466099 223151 61 797
1995 122419 | 161835 175063 143 672 31391 2319905 215712 61 733
1996 129223 | 166 403 192 396 161 365 31031 1813895 208 274 66 479
1997 130519 | 159 817 184 293 148 802 35491 | 1631034 200 836 65 869



1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

2017

2018

2019

2020

2021

2022

Trend 1990
2022

122 551
126 536
126 371
128 218
127 135
118 325
118 872
115 485
120 682
121 005
125 004
109 858
119 060
136 926
123 392
128 677
126 762
124 194
125 243

122 604

129 450

111 147

107721

98 217

100242

-18%

145 807
144 336
139 229
137653
132 437
142.217
136 496
133174
135 157
132761
128 469
142 662
140 827
128 373
127848
109 656
114 845
129 248
129 525

132 432

126 731

106 643

114490

79 441

64509

-61%

196 838
226 047
204 135
189 293
196 223
179 050
158 231
155 753
167 116
255 146
246 874
193 840
190 552
196 570
176 920
167 492
165 053
195 443
202 758

202 197

195 538

135770

164074

186 146

182604

2,2™

164 150
190 933
173 006
160 794
164 056
143 557
131992
128 940
137 102
209 641
210106
164 796
161 346
171 412
152 256
140 768
141 542
174 586
174 087

175623

171 809

118 814

145679

165 815

161147

4%

Table167Domestic poultry and its trend 193(2022

1990
1991
1992
1993
1994

5515 140
4392 197
4 136 947
4228 758
4510 147

101 653

80 955

76 251

77943

83 129

58 888
46 898
44 172
45 153
48 157

32688 1315176 193397
35114 1288733 185959
31129 1250686 178520
28499 1285099 171082
32167 1233830 163644
35493 1239330 156 205
26239 1432369 148767
26813 1244000 141329
30014 1248801 133890
45505 817536 = 126 452
36768 816604 = 133017
29044 755356 = 94017
29206 778404 75708
25158 766631 = 72777
24664 732338 63585
26724 731828 75028
23511 740457 | 81346
20857 733510 = 88064
28671 723295 101669
26574 724555 107 466
23729 726990 117 447
16 956 = 684558 87 581
18395 = 630634 95008
20331 633281 75753
21457 646488 80186
-11% T2% -68%

15264 38 036

12 156 30 291

11 449 28 531

11 703 29 164

12 482 31105

59 847
57 152
56 486
45 638
41775
42 883
40 391
39 651
40 553
31065
30 936
29 418
26 658
25415
21676
20 682
19371
18784
19 263

17 951

10 041

8 952

9154

11140

10659

-84%

5728 981
4562 497
4 297 350
4392721
4685 021



1995 4697 726 86 587 50 160 13001 32 398 4879 873

1996 3235355 59 633 34546 8 954 22313 3 360 801
1097 | 3152343 58 103 33659 8724 21741 3274570
1098 | 3214141 59 242 34319 8 895 22 167 3 338 764
1099 | 3102875 57 101 33131 8587 21399 3223 184
2000 | 3574763 65 889 38170 9893 24 654 3713 369
2001 | 2647004 48 789 28 263 7326 18 255 2 749 637
2002 | 2407615 44 376 25707 6 663 16 604 2 500 966
2003 | 2327131 42 893 24 848 6 441 16 049 2 417 362
2004 | 2623573 48 357 28 013 7 261 18 094 2725298
2005 | 2519329 46 435 26 900 6972 17375 2 617 012
2006 | 2488827 45873 26 575 6 888 17 165 2 585 327
2007 | 2115866 80 742 35131 11 004 21151 2 263 894
2008 | 2173346 9717 22 656 4082 16 254 2 226 055
2000 | 2041008 34 949 23 658 3182 15003 2117 890
2010 | 1951276 27 235 6 982 4 652 4707 1994 852
2011 | 1853176 11 862 68 743 4225 6 253 1944 259
2012 | 1715180 30 698 15670 4 495 10 254 1776 297
2013 | 1623130 548 617 13 558 7143 9 102 2 201 550
2014 | 1884289 26 492 13790 5 687 9621 1939879
2015 | 1423841 311 809 15 814 2 094 7587 1761 145
2016 | 1705948 97 322 25 416 10 829 26 254 1865 769
2017 | 1770504 20 456 27 257 8782 13174 1840173
2018 | 1736208 25 641 40 222 8 956 17 260 1828 287
2019 | 1385743 120 363 34611 8 841 12531 1562 089
2020 | 1482348 101268 31900 14306 13640 1643462
2021 | 1235894 97 181 120 580 11227 19 143 1484025
2022 | 1367092 124332 46036 10971 13502 1561933
Trer21((:i)21299€1 75% 22% 22% 28% 68% 7%

Official data sets of the period 1982006 and from 2007 onwards are not fully consistent. In 2007, a
new censu®n agriculturewasintroduced[36] leadingto more accurate animal numberslo census

for agriculture wasconducted afterwardsCensus was planned to be conducted during last year,
however due to limited human and financial resources it was postponed with no define date.



The 2007 census was interview based (interviewers personally visited all farms) and provides a full
coverage of the country.

Theannual animal accountings in the years betwees laased on samples of aboud®0 farms. The
total farm number of North Macedua is about 9000. In general, it is distinguished between
individual farms (which refleahostfarms) and business entities (less than 200 registered).

The amual accountings were made as of the®'2f December until the year 2014, bubfn 2015
onwards they are made as of the 20th of November.

A solution could not be found on how to improve inconsistency betwéese two datasets (1990
2006 and from 2007 onwards), especially for sheep, goats and pigs the time series shows significant
inconsistencies.

The overall livestock population continuously decreased, especially for sheep, goats, and horses as
well as poultry.

For 19962006 national statiste Ay Of dzZRS RIFIANEBR I 20KSNJ O26a FyR KSA
Activity data for dairy cows was not made available until this reporting period.

Regarding the relatively small number of calves and young cattle, compared to the cattle older than 2
years (including dairy cattle that the share gaion-dairy is in line with the data of neighboring
countries of that region and that the marked is very volatil@any calves are imported.

There is no specific tradition in animal breeding in North Macéa. The quality of the genetic pool

of the domestic livestock is not good enough for high yield and quality production. Thus, for the
replacement of animals in milk, meat and pork production predominantly young animals are imported
from abroad (no domestic breed is taken).

The small calve numben the official statistics isince(especially male calves) are slaughtered very
early (between 2 and 12 months). In the veterinarian register, all born animals have to be registered
within a pefod of 7 days. This is the reason why the dteek balances show a significant higher
number of calves than outlined in the official statistics.

Increased production of milk i®sponsible for the increased husbandry of dairy cattl@8% from
1990 to 2@2).

Reduced renability of beef production is responsible for the decrease of Mainy cattle numbers
by 61% between 1990 and 22 due to the reduced number of heifers in calf and other cattle.

Pig statisticsrbm 19962006 are not fully consistent witthe official numbers from 2007 onwards. A
consistent time series had to be established. For the years 1990 to 2006, the fattening pig number has
been derived from the difference of sow number (including board)tatal swine number 199Q006.



In North Macedona total swine productionincreasedby 2,2@obetween 1990 and 222, mainly due
to increasedproduction of fattening pigs.

Activity data for the whole time series are available in the official stagisitiere are time series
inconsistencies ianimalnumbers and milk production 199896 and 200&007. No solution could

be found. Inconsistencies are due to different methodologies of accounting. The main reason for the
decline in sheep numbers7%) is that most of the sheep herds are owned byal ndividual
businesses which are not profitable anymore.

No official goat numbergrere published before 2007. Within a meeting with experts of the statistical
office data for the period 200Q007from the MAKSTAT data base were provided. Foydags before

an official request has been made for the use of fpoiblished data, and only 1999 data has been
provided. For the derivation of consistent time series for 29908 the average shares of tlyears
2007-2015 have been used. Goat numbers deased by-68% between 1990 and 2@, because in
the last century husbandry of goats was forbidden as it would curb the formation of Kaeshumber

of goats has increased in period 262@18 but decreasintrend appears again due to fact higher
migration from rural to urban places.

Horse numbers show a decreasing trend since 192194). In the past horses were used for means of
locomotion in rural areas, but the purpose of horsdsngd, and more ad more people are now
living in thecities and less horses are needed.

Regarding information from the veterinary institute, horse category does not include mules and
assess. No data on mules and assess were made available in the reperiirty(PIE).

Before D07, only total poultry number is available. An official request has been made for the use of
non-published data of laying hens 192006. Data were received by the statistical office and used in
the calculations. For #hderivation of consistent time ses of broilers, geese, ducks and turkeys for
19902006 the average shares of the years 2@W210 have been used. The time series of laying hens
has been validated with annual total egg production and annual egg numbefsep.

Total poultry number decresed by72% from 1990 to 222, mainly due to declining numbers of laying
hens as a result of a reduced egg production in North Macedonia

During the inventorypreparation for submission in 2016, first investigats on management practices
commonly applied in thdlacedonian agriculture have been made. Based on expert judgments and
information of big IPPC installations within pig and poultry husbandry a distinoéitween slurry and
solid systems could be made feach animal categonSincethen, the same distindbn between
systems has been used.

The following expert judgment (REF) has been provided:



The cattle husbandry is mostly in traditiomnaldingsg 97% of all farms in North Macedonia araal

scale farms with up to 20 cows. In the pasty2ars, the number of bigger holdings is decreasing and
now there are only few farms with more than 100 dairy cows. The typical systems used in tikdry ca
husbandry are small stalls with solid manuretegs tied housing system with no outdoor loafing
areas. Some of the bigger farms (more than 50 cattle) have changed from tied stall to free stall system,
solid manure, and outdoor loafing areas. The millgi system is mechanical with separate milking
parlorin the bigger farms. The other category of catiidich has a major part in the cattle husbandry

in North Macedonia, is the cogalf system (suckling cows). Where the cows are kept free on pasture
and nountains and the breeders are using only the caleegrfeat production. This type of breeding

is stricty traditional with the local breed Busha. In the milking sector, dominating breed is Holstein
Friesian, with small percentage of Simmental breed arwl rist of the cattle breeds are within
negligible numbers. Although there are several attempts in the past decade for establishing bigger
farms, there is no visible trend for creating dairy farms with large number of animals in North
Macedonia. Based onithexpert judgment we decided to use the EMEP/EEAultafiH and NO Tier

1 EFs for solid systems for all cattle categories.

Pastured system is mostly present in the ecalf system; explained above. The rest of the farmers
are rarely sing pasture for dairy cattle and dairy cattle are kimgloors during the whole year. There
are some pratices where the cows from the whole village are pastured on the same pasture during
the summer months of the year. However, there are no exact numéaeaslable for presenting the
percentage of farms thadre using pasture in their management.

Based onhis expert judgment and discussions with agriculture experts it was decided to apply the
solid NH and NO EFs for all cattle.

For IPPC installations (big pig farms), the national IPPC experts prdheléollowing information:
the number ofanimal places, the animal number produced per farm for 2014 and the number of days
the animals are alivedjore being slaughtered for 2014.

Based on this data, it was possible to calculate the annual average lgpopalation held in these
sevenbigpiglya® ¢KS NBadzZ 0 ora OGKFaG Foz2dzi om: 27
these farms in 2014-rom the previous meeting we know that these farms use liquid systems. The
situation in 208 is similar s;mo changes to the distribution of type of system are changed.

Now it had to be clarified which kind of systems are usually applied for the reggheid in smaller
business entities and individual farms.

Additional information from the veterinary ageynthat also the small pig farms usually practice liquid
manure systems; the manure is stored in septic tanks. Farmers have an agreement with setseone
that uses a tank truck to collect the manure or use the manure for fertilization of their own agricultural
land.



National experts of the Ministry of Agriculture confirmed the assessment of the veterinary agency of
North Macedonia. Based on this expgrdgment we decided to use the EMEP/EEA defaulf did
NO EFs for liquid systems for all swine categories.

In North Macedonia, only layinghs are kept in big poultry farms. Broilers are mainly imported from
abroad. Data from IPP@vestigations (big poultry farms) showed that the solid factor is the
appropriate for all hens (conservative approach). The national experts of the Ministry of Agriculture
within an expert meeting confirmed this approach during the mission.

EMEP/EEA Ti&r NH and NQ emission factors of all other animal categories do not distinguish
between solid and liquid systems.

Tables 168 and 169 provide emission factors taken from the EMEP EERG2Bversionand for NH

for each livestock category. These factors have been used for the estimation®fNWIDC and NH
emissions. For NMVOC and cattle, the average mean of both EFs (NMVOC EF with and EF without
silage feeding) has been used (for details see description below)

Tablel68NH;emission factos for source categories 3.BVianure managenent and 3.D-
Agricultural Soils

3BlaDairy cattle 16.1 6.0 4.4
3B1b Nonrdairy cattle 5.7 2.2 2.0
3B2 Sheep 0.4 0.2 0.8
3B3 Swinefattening pigs 3.7 2.8 0.0
3B3 Swinesows 125 52 0.0
3B4d Goats 0.4 0.2 0.8
3B4e Horses 7.0 2.7 6.1
3B4gi Laying hens 0.32 0.15 0.0
3B4giiBroilers 0.13 0.04 0.0
3B4giii Turkeys 0.56 0.34 0.0
3B4giv Other poultry (ducks) 0.45 0.20 0.0
3B4giv Other poultry (geese) 0.30 0.05 0.0
Reference GB 2@3- Table 3.2 Default Tier 1 EF (i) for calculation of NHemissions from

manure management
*reported under source category 3.D.a.2
** reported under source category 3.D.a.3



Tablel69NOx and NMVOC emission factors for source category BRnure management

3B1la Dairy cattle 0.752 13.4195
3B1b Nonrdairy cattle 0.217 6.252
3B2 Sheep 0.012 0.169
3B3Swinefattening pigs 0.002 0.551
3B3 Swinesows 0.005 1.704
3B4d Goats 0.012 0.542
3B4e Horses 0.250 7.781
3B4gi Laying hens 0.014 0.165
3B4gii Broilers 0.027 0.108
3B4giii Turkeys 0.027 0.489
3B4giv Other poultry (ducks) 0.002 0.489
3B4givOther poultry (geese) 0.005 0.489
Reference GBZOZSu_pdated July 2015Table 33 GB2023 Table 34 Default Tier 1 EF for
Default Tier 1 EF for NO NMVOC

Emissions of particulate matter (PM) occurring from animal husbandry were calculated with the
EMEP/EEA Tier 1 methodology provided in the EMEP/EEA Guide#®lirélated 14 Sep 2023
Published 02 Oct 2023The Tier 1 methodology multiplies average animal numbers with the particular
default emission factors listed in the following table:

Tablel70TSP, PM10 and PM2.5 emission factors for source category i@&8ure management

3Bla GB2023updated July 2015Table3.5 Default Tier 1 estimates
) 1.38 0.63 0.41 . T . .
Dairy cattle of EF for particle emissions from animal husbandry (housing
3B1b GB2023updated July 2015Table3.5Default Tier 1 estimat
) updated July able3.5Default Tier 1 estimates
Not;Irdalry 0.59 0.27 018 of EF for particle emissions frommimal husbandry (housing).
cattle
3B2 GB2023updated July 2015Table3.5 Default Tier 1 estimates
0.14 0.06 0.02 . L . .
Sheep of EF for particle emissions from animal husbandry (housing
383 GB2023updated July 2015Table3.5Default Tier 1 estimates
. u uly . ult Ti i
Swme_- ) 105 0.14 0.006 of EF for particle emissions from animal husbandry (housing
fattening pigs
3B3 GB2023updated July 2015Table3.5 Default Tier 1 estimates
. 0.62 0.17 0.01 . L . .
Swine sows of EF for particle emissions from animal husbandry (housing
3B4d Goas 014 0.06 0.02 GBZOZ3upda_ted Jul)_/ 2915Tab|e3.5_DefauIt Tier 1 estlmatgs
of EF for particle emissions from animal husbandry (housing
3B4e Horses 0.48 0.22 014 GB2023updated July 2015Table3.5Default Tier 1 estimates

of EF for particle emissions from animal husbandry (housing



3B4gi Laying GB2023updated July 2015Table3.5Default Tier 1 estimates

hens 0.19 0.04 0.003 of EF for particle emissions from animal husbandry (housing

3B4gii Broilers GB2023updated July 2015Table3.5Default Tier 1 estimates
0.04 0.02 0.002 . . . .

of EF for particle emissions from animal husbandry (housing

3B4giii Turkeys GB2023updated July 2015Table3.5Default Tier 1 estimates
0.11 0.11 0.02 . . . .

of EF for particle emissions from animal husbandry (housing

3B4giv Other 014 014 0.02 GB2023updated July 2015Table3.5Default Tier 1 estimates

poultry (ducks) ' ' ' of EF for particle emissions from animal husbandry (housing

3B4giv Other GB2023updated July 2015Table3.5Default Tier 1 estimates
0.24 0.24 0.03 . . . .

poultry (geese) of EF for particle emissions from animal husbandry (housing

Default Tier 1 emission factors distinguish between feeding with and without silage for dairy cows,
other cattle, fieep, goats, horses and mulasd asses (GB 28, Table 34).

The followirg information from the Veterinary institute has been received on the feeding with silage.

GCSSRAY3 gAGK aAftl3aS Aa ljdzA i S O2 Yesggallydyfingte NI K a b
winter period- to my knowledge (there is no exact data analysidtiertime), at least half of the year

the farmers are using silage as feed. The compasifsilage is dominantly consisted of maize, alfalfa,
cloverandgrains. tha (&8 1LJS 2F FSSR A& SaLISOAlLffe dzaSR F2NJ

According to the information received, the following was decided:

For cattle to use the average mean of both EF with, anditBBut silage feeding
For all other animals to use the EF without silaggdfng

For the first time a quantitative uncertainty, analysis has been carried out for the Macedonian air
pollutant emisgon inventory and was submitted i2017. The 2015 Livestock Survey derived
uncertainties of activity data, with certain adjustments made regarding the surveyeasponse rate.

The errors are calculated as relative errors. All calculations were madeneiBAS statistical software
package. Uncertainties of emission factors were based on the GB 2013 and assumption of experts.

The following table presents combined uncertainties for emissions as well as uncertainties for activity
data and the EFs for sect8B Manure Managemergccording to GB 2013.

Tablel71Uncertainties of activity data, emission factors and emissions for NFR 3.B

3.B.1 Cattle +/-125.1 +/-40.3 +/-40.3 +/-200.1 | +/-125% +/-40% | +/-40% | +/-200%
3.B.2 Sheep +/-125.4 | +/-41.3 | +/-41.3 +/-200.3 | +/-125% +/-40% | +/-40% | +/-200%
3.B.3 Swine +/-125.1 +/-40.5 | +/-40.5 +/-200.1 | +/-125%  +/-40% | +/-40% | +/-200%

3.B4 OtherLivestock +/-125.4 | +/-41.2 | +/-41.2 +/-200.2 | +/-125% +/-40% | +/-40% | +/-200%

Activity Data Relative errors



Animal Populatiorg Cattle +/-5.3%

Animal Populatiorg Sheep +/-10.2%
Animal Populatiorg, Swine +/-6.1%
Animal Populatiorg other Livestock +/-10.0%

*Note: uncertainties of emissions are combined uncertainties

A solution could not be found on how to improve inconsistency between these two datasets (1990
2006 and from 2007 onwards), especially for sheep, goats and pigs thedies shows significant
inconsistencies. Statistical methods have been used for improvement of time consistency already
described above.

Concerning the time series consistency, thisra dip in the number of broilers and jumps in between
2013 and 2015. According to the opinion of the Statistical office, the number of broilers in the business
farm is variable while the number of broilers in the individual farms is mostly constandipfiend

jumps are due to the opening of new farms, which may be conndotdte market prices. Concerning
0KS 2dzYLJ Ay LIA3IQA YydzYoSNJ Ay wHanTtT FyR ,bunmy3 &S
explanation was provided. It is assumed that economicoeamarket prices are behind this jump

too.

The following sector specific QA/QC procedures have been carried out:

Consistency of time series: plausibility checks of dips and jumps for which requests on
reasons are send to relevant institutions;

Comparison with time series of previous year. Explanation of revisions are done only if
jumps or dips appeared;

Consistency checks of sghtegories with totals like in case of poultry with sum of all
subcategoris.

Default EFs were used

Assessment of recalculation differences: plausibility checks, explanation
Documentation in calculation sheets and IIR.

Livestock emission excel sheet contains sheets for cross checking of animiar with
production of milk, eggs and number of calves in the case of cattle numbers.

Recalculations in this sector were implemented due to the use of Emissioordatbm 2023
Guidebook.



The main issue of use of higher Tier methodology for this sector remains. It is planned to make
improvement in the upcoming IPA project due tmitation of expertise to proceed with Tier 2
methodology, according to recommendation given in the last stage 3 Review conducte®irTR62

higher Tier method was implemented by IIASA in the frame of EU 4 Green project for some categories
in agricultureas recommended by the Stage 3 review for the agriculture carried out in 2D2BHe
National team is also planning use of TAEIX expert mission for use of higher Tier methods in this sector.
Improved emissions will be reported in 2025 submission.

Inorgarnc Nertilizers (NFR 3.D.a.1)

Due to existing data gaps on fertilizer type level Tier 1 methodology has been used.

The approach to use ay&ars average for mineral fertilizers was confirmed by MAFWS, as fertilizers
listed in the oficial imported/exported statistics are not applied on the fields accordingly. Wholesalers
and big farmers buy fertilizers when the prices are good. Fertilizers are stored. There is no relevant
fertilizer production in the country; therefore, the use of ported amounts is a good basis for
emission calculation.

From 2002 to 2010, activity data are based on FAO. Data from import/export statistics is available
from 2009 mwards. These data were received from the Ministry of agricultimesstry, and water
supply. For the years before 2002, only an incomplete datiasgvailable.

There is no reporting obligation for wholesalergtie country. There are no numbers oblsl fertilizer
amounts available. Anyhow, all kind of fertilizers have to be registered for permission in the country;
hardcopies are availablerfeach type of fertilizer including the shares of fertilizer substances (but no
amounts). As there are hundred$ different kinds of fertilizers registered, the manual evaluation
would be very time consuming and there are no resources available. Asla nesinformation on N
amounts could be obtained from this data source.

Based on a recommendation of the Stag Review 2016 North Macedonia moved to Tier 2
methodology in submission by using the N contents for different types of fertilizer as provided in the
Stage 3 Review Report 2016, category issue 2:

AS- Ammonium sufate, 021 kg N per kg fertilizer.

AN- Ammonium nitrate, B4 kg N per kg fertilizer.

CAN- Calcium ammonium nitrate,.B7 kg N per kg fertilizer.

U-Urea, 046 kg N per kg fertilizer.

MAP, 011 kg N per kg fertilizer.

DAP, (L8 kg N per kg fertilizer.

NPK > 10 kg, 0,15 kg N per kg fedtliz

NPK< 10 kg, 0,15 kg N per kg fertilizer
For other fertilizers emissions are calculated by using average N content and average EF of all applied
fertilizers.



Soil Rcould be clarified. The European Soil Bureau, Research Report No. 9, outlines different soil types
and complexes in ha (%). An evaluation of this information resulted in the assessment that all relevant

soils have a low soil ph =<07 The national expestof the Ministry of Agriculture confirmed this

assessment.
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average temperature in North Macedonia is3 tlegrees.

In the following table the quantities of @ped N fertilizersare shown.Since only data for import and
export are available, the consumption lofbrganic Nrertilizersis calculated as three years average.

Table172Activity data for souce category NFR 3.D.a:-1norganicN-fertilizers

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

412
412
412
412
412
429
431
434
420
420
420
420
607
751
630
317
46
42
42
30
27
13
13

3696
3696
3696
3696
3696
3654
4009
4069
3910
3139
2618
1825
3168
4689
6530
6476
6916
7173
7248
4.516
4873
2693
2693

823
3090

1007
1.007
1.007
1.007
1.007
708
462
144
126
54
54
54
45
617
1657
3205
3515
4190
3438
4277
4811
6068
6296
5731
5641
4340

5100
5000
4600
4117
3804
3168
3025
2657
3097
3266
3220
3005
2260
2410
2348
2610
2,520
2373
2628
32901
3618
3708
3314
3634
3986
3858
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304
304
304
304
304
304
304
304
304
304
304
304
304
555
1540
3023
3775
4159
3765
3814
3586
4009
4742
5673
6119
4996
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10 540
10 440
10 040
9557
9244
8283
8252
7629
7878
7204
6636
5628
6405
9045
12 737
15674
16 866
18 041
17212
16 075
17 092
16 692
17 211
15137
16 749
16 513

f
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2016 0 3124 3381 3187 0 0 3531 0 234 13 457
2017 0 4561 2457 3034 17 0 3184 0 216 13 470
2018 0 4293 2266 3343 38 0 3990 0 153 14 082
2019 0 6524 1774 3784 @ 58 0 5009 0 368 17517
2020 0 7726 1373 3862 176 | O 5166 0 496 18 798
2021 0 7482 1294 3516 | 195 | O 4943 0 500 17 931
2022 0 5880 1224 2934 179 | O 3683 0 307 14207

In the following tables the emission factors applied for source category 3.Bshdawn. All emission
factors aretaken from the GB 2013 and the GB 2016.

Table1l73NH; Emissions factors for source category NFR 3.D-#nbrganic fertilizers

0.09 kg NH kg-1 fertilizerN

AS applied GB 2016 Table-3 emission factor for source category 3.D.¢

AN 0.015 | kg NH3 kel fertilizerN GB 2016 Table-3 emission factor for source category 3.D.¢
applied

CAN 0.008 | kg NH3 kel fertilizerN GB 2016 Table-3 emission factor for source category 3.D.¢
applied

U 0.155 | kg NH3 kel fertilizerN GB 2016 Table-3 emission factor for source category 3.D.¢
applied

MAP 0.05 kg NH3 kel fertilizerN GB 2016 Table-3 emission factor for source category 3.D.¢
applied

DAP 0.05 l;\?)p:\lli:? kgl fertilizerN GB 2016 Table-3 emission factor for source category 3.D.¢

NPK 0.05 kg NH3 kel fertilizerN GB 2016 Table-3 emission factor for source category 3.D.¢
applied

The emission factors for the respectiveeitilizers are taken for soils with normal pH and cool climate
as described above.

Table174NOxEmissions factors fosource category NFR 3.D.a.Inorganic fertilizers

NOXx 0.026 | kg kgl fertilizerN applied | GB 208 Table 31 emission factor for source category 3.D.a.1

This sourceategory covers Ng€missions from animal manure applied to agricultural soils.

The Tier 1 methodology according the EMEP/EEA GB 2016 has been applied.



The input data ishe number of registered heads of each domestic animal species. All activity data is
derived from the Statistical Yearbooks for period 12806 [22] and Publication Livestock 3B
prepared by the State Statistical Office for feriod 20072015 [33JandMAKSTAT database for 26016
2020 [35]. The numbers per livestock category are presentedable 6. Numbers of different
categories of poultry were presented in Taldb7. For further information, please refeo thapter 3.B
ManureManagement.

In the chapter 3.B Manure Management, for each livestock category theeNtission factors for
animal manure applied to soils, taken from EMEP/EEA G8& afe shown.

This sourceategory covers Nd€missions from urine and dung deposited by grazing animals.

The Tier 1 default approach following the EMEP/EEA GB 2016 has been applied.

The inputdata is the number of registered heads of each domestic animal species. All activity data is
derived from the Statistical Yearbooks for period 12806, and Publication Livestock prepared by
the State Statistical Office for the period 26R@22.The numbers per livestock category are presented

in Table 6. Number of different categories of poultry is presented in Tal®&. IFor further
information, please refer to chapter 3.B Manure Manageméntission factors

In the chapter 3.B- Manure Manageent for each livestock category the Binission factors for
grazing, taken from EMEP/EEAZRR3 are shown.

For the first time a quantitative uncertainty analysis has been carnigday the North Macedonian
air pollutant emission inventory and was submitted in 2017. Uncertainties of activity data and
emission factors were based on the EMEP/EEA GB 2013.

The following tablgresents uncertainties for emissions, as well as for agtiéta and theEFs for
sector3.D Agricultural Soilsccording to EMEP/EEA 2013.

Tablel75Uncertainties of emissions, emission factors and activity data

3 Inorganic N +/-206.2%+/- 64.0% +/-64.0% +/-206.2% +/-200.0%+/- 40.0% +/- 40.0% +/- 200.0%
' fertilizers
Inorganic N +/- 50%

fertilizers- amount
*Note: uncertainties of emissions are combined uncertainties

Emissions from the whole period have been calculated; however, the sources on activity data are
different. Namely in the period 2068022 data are received from the State inspectorate under



Ministry of agriculture, forestry, and water supply. For the period 12008, data are taken from
FAO; however, there are dips and jumps in the use of some fertilizers like ammonia nitrate for which
MAFWSwas contacked for further explanation of this inconsistencliowever no explanation were
provided.

The following sector specific QA/QC procedures have been carried out:

Activity datatrend analysisdr peridod19962022was performedMajor jumps and deeps are noticed

in use of ammonium nitrate, CAN and NPK >10 kg. The deep for ammonium nitrate is in 2013 when
jumps are detected for CAN and NPK>10 kg. From 2019 the amount of ammonium nitrate is highly
increasing while CAN amount is decreasing and the amount of NPK>10 kg is slightly increased. The
others fertilizers do not show bigger dips and jumps.

Default Emission factors were used, but country specific parameters (e.g. N contdatsiliakrs)
were also compared with defaults and values reportsdother countries (e.g. Serbia, Austria and
Croatia).

Comparison of emissions calculated with Tier 1 and Tier 2 method was done. Use of tier 2 method
result with lower enissions staed from 2001 onwards.

No recalculations were done in this category.

The National team is planning to conduct a TAEIX expert mission for use GB 2023, which provides more
accurate emission factors based on best practices for estimating emissions for a sector which is a key
category in this sector in 2024. Improved isgions will be reported in 2025 submission.3.D.c Farm

level agricultural operations including storage, handling, and transport of agricultural products

Calculation of particulatesvas carried out using EF given in the GB328ccording to tierl
methodology.

The activity data for source 3.D.c is derived from State Statistical Yearbooks forjg9eD22data
and are presented in the following table:

Table176Activity data for sourcecategory3.D.c

1990 1 320 000
1991 1295 000



1992 1308 000

1993 1299 000
1994 1298 000
1995 1289 000
1996 1291 000
1997 1285000
1998 1293 000
1999 1284 000
2000 1236 000
2001 1244 000
2002 1316 000
2003 1303 000
2004 1265 000
2005 1229 000
2006 1225000
2007 1077 000
2008 1 064 000
2009 1014 000
2010 1121 000
2011 1120000
2012 1238 000
2013 1260 336
2014 1263 155
2015 1264 408
2016 1267134
2017 1266 008
2018 1264 000
2019 1264578
2020 1261687
2021 1259 996
2022 1256 854

Table177Emission factors

PM2.5 0.06 @ Kghat GB 2023 able 31 emission fator for source category 3.D.c
PM10 1.56 | Kghat GB 2023 able 31 emissiorfactor for source category 3.D.c
TSP 1.56 | Kghat GB 2023 able 31 emission factor for source category &D.

No recalculations were made in this category.

The National team is planning to conduct a TAEIX expert mission for use GB 2023, which provides more
accurate emission factors based on best practices for estimating emissions for a sector which is a key
category in this sector i8024. Improved emissions will be reported in 2025 submission.



Calculation of particulates was carried out using EF given in the GB 2019 accordimeglto
methodology.

The activity data for sourc&D.e is derived from State Statistical Yearbooks for period-209Rdata
and are presented in the following table:

Tablel78Activity data for source 3.D

1990 1320 000
1991 1295 000
1992 1 308 000
1993 1 299000
1994 1298 000
1995 1289 000
1996 1 291 000
1997 1 285 000
1998 1293 000
1999 1284 000
2000 1 236 000
2001 1 244 000
2002 1 316 000
2003 1 303 000
2004 1 265 000
2005 1229 000
2006 1225 000
2007 1 077 000
2008 1 064 000
2009 1014 000
2010 1121 000
2011 1120 000
2012 1 238 000
2013 1 260 336
2014 1263 155
2015 1264 408
2016 1267 134
2017 1 266 008
2018 1264 000
2019 1264578
2020 1261 687
2021 1 259 996
2022 1 256 854

Table179Emission factors for NMVOC



NMVOC 0.86 @ Kghat GB 2023 able 31 emission fator for source category 3.D.e

No recalculations were done in this category.

The National team is planning to conduct a TAEIX expert mission for use GB 2023, which provides more
accurate emigen factors based on best practices for estimating emissions for a sector which is a key
category in this sector in 2024. Improved emissions will be reported in 2025 submission.

Field burning activities we discussed with agriculture expie. Field burning is not permitted by law
and there are no data on illegal field burning activities available.

Therefore, the so®S OF 1S3 2 NBE o0 ING LEONTISBIRR | GidzNG2AlY 2 G\OadzNNA y 3
currentesi AYIF 6Sa F2NJ aSO0G2N) pd/ ®u ah LISy o0dz2NyAy3I 2F ¢
arable farmland of 25 kg/ha) should be kept as it is liable that open burning ofsraldl (agricultural)

waste happens in the country.

In the frame of the EU 4 Greemgject calculation for this sector were made for every five years for
the period 19962040, by use of GAINS model &AdN remote sensing dataséthese data will be
analyzed and submitteduringnext year.
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7. WASTE (NFR 5)

7.1. Sectoroverview

The chapter includes calculation of NOx,, 3D, NMVOC, Particulates, heavy metals and persistent
organic compounds (POPs). Emissions addressed in this chapter include emissions from the next
subcategories:

5.A- Solid waste disposal on land
5.B1-Biological treatment of wast€omposting
5.C.1.biit Clinical waste incineration

5.C.2- Open burning of waste

5.D.1- Domestic wastewater handling
5.D.2Industrial wastewater handling

As during the stage 3 review in 2016, it was recommended togghtnTier 2 method for the category

5.A, this recommendation has been followed. Additionally, emissions for category, 5.D.2and
5.B.1have been calculated using a Tier 1 approach.

Explanations of the source of activity data, methodology used andséoni factors are presented
below. According to information from the statistical office, about 99% of municipal solid waste is
landfilled and only less than 1% is composting or recyclgéénerally, in the country there is only
clinical waste incinerator agrating from 2000. Other types of waste incineration, as well as cremation
process do not occur. Open burning of waste covers the volume reduction by open burning ef small
scale (agricultural) waste. It does not include stubble burning, or forest firesopén burning of
rubber tires or waste oil on farms has also not been included. Agricultural wastes that might be burned
are crop residues (e.g., cereal crops, peas, beans, soya, sugar beet, oil seed rape, etc.), wood, pruning,
slash, leavegylastics,and other general wastes. Straw and wood are often used as the fuel for the
open burning of agricultural wastes.

Regardingwastewater treatment, there are twentyone Wastewater treatment plants (WWTP)
operating in North Macedonida-or the plant irOhrid ard Dojran, activity data are available for the
whole time series. Emissions have been estimated based on these activity datheaddta from
anotherwastewatertreatment plants

Emissions from 5.B-Riological treatment of waste (composting) have beaicualated. Municipal
waste incineration, industrial waste incineration, hazardous waste incineration, sewage sludge
incineration and cremation do not occur in our country.

Regarding the Industrial wastewater handling, some installations subjected under the IPPC license
system are obligated to instaNastewatertreatment. Emissions frorthis NFR category 5.D.2 have
been calculate@lmost for the whole time series.
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Emissions from 5.B.Biological treatment of waste Anaerobic digestion at biogas facilitjiegs C.1
other waste incineration, 5.D-@ther wastewater handling and 5.E. Other waste (Sludge spreading,
car fire, detached andndetected house fires, apartment building fire, industrial building fire), have
not been calculated.

7.1.1. Methodology
Tier 1 approach was used, using the given default Emission factors from 2@&B

Completeness
The completeness in this sector is preseniethe following table.

Tablel80NFR categoriemcluded ornot included in Waste sector for 2016

NFR category Completeness
5.A Biological treatment of wasteSolid waste disposal on land K
5.C.1.biii Clinical wasténcineration K
5.C.2  Open burning of waste K
5.B.1 Biological treatment of wasteComposting K
5.B.2  Biological treatment of wasteAnaerobic digestion at biogas facilities NE
5.C.1.a Municipal waste incineration NO
5.C.1.bi Industrial waste inimeration NO
5.C.1.bii Hazardous waste incineration NO
5.C.1.bivSewage sludge incineration NO
5.C.1.bv Cremation NO
5.C.1.bviOther waste incineration (please specify in the 1IR) NE

5.D0.1 Domestic wastewater handling

5.D.2 Industrialwastewater handling

5.D.3  Other wastewater handling NE
5.E Other waste (please specify in IIR) NE

7.1.2. Sourcespecific uncertainties and timgeries consistency

Activity data for the whole time series and background information on these are havdliable, for

which reason the uncertainty is expected to be rather high. Especially getting data on waste disposal
is hard, as these data are required back to 1950, a time when Macedonia was still part of Yugoslavia.
For further information, see the resptive chapter below. Uncertainties of emissions, emission
factors and activity data for 5.A and 5.C are presented below.

Time series consistency is ensured as recalculations are carried out for the whole time series and not
only for specific years.

7.1.3. Sourcespecific QA/QC and verification

¢KS NBadzZ da 2F (GKA& &SINRa OFtOdA FGAzya KI @S
major differences clarified. Calculation sheets were checked for any errors in formulas or links. Data
or information receied from third parties was reviewed and archived to ensure transparency.

The recommendations of the stage 3 review were taken in consideration and improvements made:
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request for country specific data to statistical office and installations
change to Tier 2pproach for 5.Aand 5C1biii

calculation of emissions from 5.B.1

estimation of emissions from 5.D.1

calculation of emission from 5.D.2

review of notation key use.

correction of emissions iBClbiiiand 5C2

T I > I T I D

7.1.4. Sourcespecific recalculations includinghanges made in response to the review
process

No recalculations were made in this category.

7.1.5. Sourcespecific planned improvements including those in response to the review
process

Planned improvements refer to categories 5D1 and 5C2, also according rémarks and
recommendations given in the Stage 3 review report conducted in 2020.

7.2. Solid waste disposal on land (NFR 5.A)

Within this category the emissions arising from solid waste disposal shall be accounted for, whereby
municipal and industrial waste shak considered. However, it has to be taken into account that only
waste which still undergoes biological or chemical degradation is relevant. Therefore, inert waste (like
construction waste) shall not be included.

7.2.1. Methodological issues

NMVOC, CO and Nhkvas estimated using tier 2 methoatbgy, and particulate emissions were
estimated using Tier 1 method by multiplying amount of landfilled municipal solid waste and emission
factors. NMVOC, CO and Ntdve been calculated using Tier 2 emission factors follgpttia guidance

of 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

Activity Data

As for Tier 2 methodlogy, since activity data on waste landfilled is required back to 1950,
extrapolation was necessary based on population and GDP data. Datsuwicipal solid waste
generation per person is availebfor the years 2003 until 2028ource: Eurostat statistics and EEA
report[43]). The hereby available information provided data orst@ageneration from 2003 to 2022

For the data from 199@003 theaverage annual change between 2003 and 2017 was applied, and
then the value for 1990 (which is 97 kg per person), was kept constant until 1950.

Total municipal solid waste generation was calculated by multiplying with population data. Data on
population & available in the Statistical Yearbooks of Macedonia, although before 1990 data were
interpolated between decades. According to information from the statistical office about 99% of
municipal solid waste is landfilled, for that reason it was assumed 0@#clof municipal solid waste
was deposited on uncategorized landfills.

LYy 2NRSNJ 42 RSGSN¥AYS GKS 41 aitsS FNIOGA2YIT AyTF2N
Management in FYROM (2013), page ¢ ¢ | §43].deleShares are kepbnstant for thewhole

time series (1950 to 202@ue to a lack of better data, although, it can be assumed that in 1950 the
waste composition was different.
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Tablel81Type of waste, percentage and considerations in FOD model

Type d waste Percentage Consideration in FOD mode

as:

Biodegradable (organic) waste 26% Food

Wood 2.7% Wood

Paper and cardboard 11.9% Paper

Plastics 9.6% Plastics, other inert

Glass 3.5% Plastics, other inert

Metals 2.6% Plastics, other inert

Composite packaging 2.2% Plastics, other inert

Other waste (complex products, inert materials, other categorie 7.5% Plastics, other inert

Textiles 2.9% Textile

Hazardous household waste 0.2% Not considered

Fine mixed particle (<10mm) 30.9% Plastics, other inert

It has been possible to collect data on industrial waste, but only for the year Abibte are no
available data in the latest yearhe following table shows which waste types have been considered.
In order to estimate industrialvaste amounts back to 1950, GDP was used. National GDRmata
available from 1994 to 2022 [44Before 1994, GDP for former Yugoslavia wewméband used. The
Industrial wasteby categoryintons, from 2016 was used also for the latest years due to the fact that
this data from SSO were consideratiable

Tablel182Type of waste, and quantity in tons

Type of waste Quantity [t]

Waste from households and similar wagtaon-hazardous 5.131,38
Mixed and undifferentiated materialsnonhazardous 9.643,95
Waste from sorting materials non-hazardous 167,65
Deposition 729,54
Waste from combustion 3.005,33
Soil waste 9.82726

Waste from excavation 71.027,10
Industrial waste disposition 945.761,30
Paper and cardboard waste 483.859,40
Rubber waste 1.650,89
Plastics waste 8.792,21
Wood waste 1.398,89
Textile waste 721,05
Animal waste and mixed food waste 2.408,00
Agricultural waste 3.427,89
Animal manure and urine 86.099,50
TOTAL 1.633.651,33
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Tablel183Activity data for source category 5.4Solid waste disposal on land for the period 1990
2022

Year = Municipal Waste in | Industrial Waste in| Total Waste in Gg Methane Emission

Gg Gg AY Yuw
1990 198 197 956.970 55.880.395
1991 209 208 866.923 56.799.402
1992 221 222 762.066 57.288.296
1993 233 236 692.189 57.303.851
1994 246 235 711.155 57.013.027
1995 260 250 802.077 56.816.648
1996 274 267 840.913 56.979.209
1997 289 283 885.602 57.269.171
1998 305 301 935.614 57.703.436
1999 321 319 999.662 58.295.947
2000 339 339 1.108.203 59.095.131
2001 358 359 1.180.774 60.271.499
2002 378 377 1.218.358 61.657.934
2003 399 875 1.273.595 63.105.610
2004 463 914 1.376.957 64.676.555
2005 572 1004 1.575.993 66.499.410
2006 589 1090 1.678.902 68.886.318
2007 606 1214 1.819.752 71.554.400
2008 714 1350 2.064.464 74.645.308
2009 726 1350 2.075.591 78.427.384
2010 721 1423 2.144.393 82.054.979
2011 735 1511 2.245.923 85.797.193
2012 787 1519 2.306.024 89.753.957
2013 793 1634 2.426.435 93.688.590
2014 765 1634 2.398.807 97.918.081
2015 786 1634 2.419.833 100.560.449
2016 797 1634 2.430.236 104.436.069
2017 787 1634 2.420.537 108.152.584
2018 855 1634 2.488.516 111.664.029
2019 916 1634 2.549.594 115.213.404
2020 913 1634 2.546.684 118.723.324
2021 896 1634 2.529.717 122.057.830
2022 856 1634 2.490.417 125.190.410

Emission Factors
As for the emission calculations the IPCC waste model was applied, the default paramefart@asd
were used as set in trexcelcalculation sheetor Southern European Countries with dry temperature.
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Tablel84 Parameter used for methane calculation of different waste types for source category
5.A -Biological treatment of waste

Parameter Food | Garde Paper Wood Textiles | Industrial
n

DOC 0.15 0.2 04 0.43 0.24 0.150
DOCf 0.500 0.500 0.500 0.500 0.500 0.500
Methane generation rate constant (k) 0.060 0.050 0.040 0.020 0.040 0.050
Halflife time (t1/2. years): 116 139 173 34.7 173 139
expl exp{) 0.94 0.95 0.96 0.98 0.96 0.95
Process start in deposition year. Month M 13.00 13.00 13.00 13.00 13.00 13.00
exptk*((13-M)/12)) 1.00 1.00 1.00 1.00 1.00 1.00
Fraction to CH4 0.500 0.500 0.500 0.500 0.500 0.500

The methane correct factor is set to60 as the landfills are treated as uncategorized. All municipal
and industrial waste imndfilled, other treatments are not relevant. No methane recovery occurs.

NMVOC, CO and Miere estimated based on the landfill gas emitted. Therefore, methane emission

KFad 0SSy O2y@SNISR (2 f I yRTAdEohcenddticn inthelandfiligasd @ O2 Yy
and by taking into account the absolute density of.(Bésed on those emissiofts NMVOC, CO and

NH were calculated However due to recommendation given by Stage 3 review in 2020, NMVOC
emissions are taken from the GHG inventory. Sitiee last year for which inventory has been

preparied is 2019 the same emissions are presented for the period-202D. GHG inventory which

will consider emissions in the period 202022 will be prepared during this year and updated values

will be submited during next year.

Tablel85Data for conversion of methane emissions to NMVOC, CO anglddtissions for
category 5A Biological treatment of waste

Parameter CH | NMVOC CO NHs
Relative density 0.555 0.555 0.967 -
loazftdziS RSyaiaide w]l3IkbYos 6SA o 0.650 072 113 -
Concentration in landfill gas [%] (Cd, Hg, Pb, NMVOC, NH3 in mg/m3] 55 300 2 10

The emission factors used to calculate emission from particulate matter are as outlined in the%:B 20
for sourcecategory 5.A.

Table186 Emission factors for source category 5 Biological treatment of waste

Pollutant | Value| Unit Reference

NMVOC 156 kg/Mg GB 2@3Table 31 Tier 1 emission factors for source category 5.A Biological treatm
of waste¢ Solid waste disposal on land

TSP 0.463 g/Mg GB 2@3Table 31 Tier 1 emission factors for source category 5.A Biological treatm
of waste¢ Solid waste disposahdand

PM10 0.219 g/Mg GB 2@3Table 31 Tier 1 emission factors for source category 5.A Biological treatm
of waste¢ Solid waste disposal on land
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PM2.5 0.33  g/Mg GB 2@3Table 31 Tier 1 emission factors for source category 5.A Biologezatiment
of waste¢ Solid waste disposal on land

For NQand SQ heavy metals except Hg and POPs the notation key NA was used.sfy Bl CO
the notation key NE was use&ds outlined in the GB 201223.

7.2.2. Sourcespecific uncertainties and timgeries consistency
Uncertainties of activity data and emission factors have been estimated by using Tier 1 methodology
of the EMEP/EEA GB 2013.

Tablel187 Uncertainties of emissions, emission factors and activity data for 5.A

Categories NMVOC PM2.5 EF NMVOC EF PM2.5
Emissions Emissions
5.A Solid waste disposal on land +/- 134.6% +/-206.2% +/-125.0% +/-200.0%

Activity data

Amount of landfilled waste +/-50,0%

7.2.3. Sourcespecific QA/QC and verification

The calculation haseen checked by waste management experts and the used parameters and factors
have been discussed. Therefore, theyk principle was applied. Internal documentation was written

to allow for transparency and reproduction in the following years.

Theresults have been compared to emission estimates from other countries, to check if the range of
magnitude is right.

7.2.4. Sourcespecific recalculations including changes made in response to the review
process
No recalculations were done in this category

7.2.5. Sourcespecific planned improvements including those in response to the review
process

Reaclculation of NMVOC emissions for for period 22222 ,sincevalue for last reporting year of GHG
emissions was presented for the latest three years.

7.3. Biological treatment of wasteCompostingNFR 5.B.1

7.3.1.1.Methodological issues

Smallamount of organic domestic waste is gathered separately. Composting the organic waste
produces a reusable product. Emissions to air from this source category include adorsmall
amounts of ammonia are produced/e use the Tier 2 methodp calculate the emission of NH&ce

it is expected that it is easier to obtain the necessary input data for this apprgadissions from this
category arise according to recommendatiofithe stage 3 review process.

Activity data
The activity data for source categdbyB.1 is part of organic municipal waste in (kt) which is

composted. The data are gathered from Annual reports from the Major of the municipalities which
are submitted tathe Ministry of Environment and Physical Planning each year.

Republic of North Macedonia INFORMATIVE INVENTORY REPORT Page 264



Tablel188Activity data for source category 5.BdWaste composted 199Q022

Year Waste composted in kt Year Waste composted in kt
1990 NO 2006 NO
1991 NO 2007 NO
1992 NO 2008 NO
1993 NO 2009 0.45
1994 NO 2010 0.31
1995 NO 2012 0.73
19% NO 2013 0.44
1997 NO 2014 194
1998 NO 2015 281
1999 NO 2016 224
2000 NO 2017 111
2001 NO 2018 0.74
2002 NO 2019 0.55
2008 NO 2020 0.44
2004 NO 2021 0.17
2005 NO 2022 0.12

Emission Factors

Tier 2 emission factors for source category 5.B.1 Biological treatment of wastgosting, compost
production is @4 for the emission of NH

7.3.2. Sourcespecific uncertainties and timgeries consistency
Time seriegonsistency is ensured by applying the same methodology for the whole time series.

7.3.3. Sourcespecific QA/QC and verification

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

7.3.4. Sourcespecific recalculations including changes made in response to the review

process
Emissions coming from the categoryil,categorywascalculated for the periodkom 2009 till 2022

21 30S O02YLRAaGSR ai0lFNISR FNBY Hnanngd CNRBY wmdodn
country. No recalculatiowasperformed in this category.

7.3.5. Sourcespecific planned improvements dluding those in response to the review
process

Activity data were receivellom several out of 84 municipalitiesirissions are underestimated in this
sector.We intend to improve the process of collection the data and information about the biological
treatment of wastecomposting. The information and data currently are underestimated. With the
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establishment of Nationanvironmental informatiorsystemwhich is in phase of testing this yedr
is expected to have more complete data gatherstarting fran next reporting round

7.4. Clinical Waste incineratioaANFR 5.C

7.4.1. Methodological issues

Emissions from this source category are estimated according g2@B. The guideline outlines
simple methodology where the amount of clinical waste incinerated is meltiplith Tier 1 emission
factors.

Activity data
The activity data for source category 5@linical wast@riginatesfrom the annual report of company
G5NRatlFé 6KSNBE Of AYAOFf 41 aitsS AyOAySNI 20y

Aa 21

Data for the period 20020226 SNBE G { Sy FTNRY (K$338a5NR&T ¢ fFyRFA

Table189Quantity of clinical waste incinerated in the period 2092022

Year Clinicalwaste [g] Year Clinical waste [@]
2000 0.115 2011 0.600
2001 0.232 2012 0.677
2002 0.249 2013 0.727
2003 0.255 2014 0.726
2004 0.323 2015 0.962
2005 0.376 2016 1.023
2006 0.329 2017 1.064
2007 0.357 2018 0.971
2008 0.362 2019 0.996
2009 0.416 2020 1.073
2010 0.465 2021 1.154

2022 1.055

Emission Factors
The emission factors used are as outlined in the GE aAd presented in the following tabl®ue to

installation of filter for the period 2032020 the EF from the 2009 Guidebook were used. This

Guidebook has EF for this type of redunttechnics Type 2 plant: larger ogite facilities equipped
with de-dusting systems, while in the GB 2019/2023, only EF for BAT is provided.

Table190Emission factors for source category 5.c.1dilinical waste incineration

Pdlutant Value Unit References
SQ 11 kg/Mg waste GB 2@3, Table 31 Tier 1 emission factors for source categ&yC.1.b.iii
Clinical waste incineration. uncontrolled rotary kiln incinerafmge 8
NOx 2.3 kg/Mg waste GB 2@3, Table 31 Tier 1 emission factors for source category, 5.C.1.
Clinical waste incineration. uncontrolled rotary kihcinerator, page 8
NMVOC 0.7 kg/Mg GB 2@3, Table 31 Tier 1 emission factors for source category, 5.C.1.
waste Clinical waste incineration. uncontrolled rotary kiln incinerator, page 8
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Pdlutant
TSP

BC

(6{0)

Pb

Cd

Cr

Cu

Hg

As

Ni

PCB

PCDD/PCDF

(dioxins/furans)

Total 4PAHs

HCB

NOx

(6{0)

NMVOC

SOx

TSP

Pb

Cd

Hg
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Value

17

2.3

0.19

62

98

5.4

0.1

0.4

0.02

40

0.04

0.1

1.4

2.8

0.7

1.4

0.5

63.2

7.35

4.47

Unit
kg/Mg
waste

% of TSP

9/Mg
waste

9/Mg
waste

9/Mg
waste

9/Mg
waste

9/Mg
waste

9/Mg
waste

kalg
waste

kalg
waste

9/Mg
waste

mg FTeqg/Mg
waste

mg/Mg

waste
g/Mg waste
kg/Mg waste
kg/Mgwaste
kg/Mg waste
kg/Mg waste
kg/Mg waste
g/Mg waste

g/Mg waste

g/Mg waste

References
GB 2@3, Table 31 Tier 1 emission factoifer source category, 5.C.1.b.|
Clinical waste incineration. uncontrolled rotary kiln incinerator, page 8

GB 2@3, Table 31 Tier 1 emission factors for source category, 5.C.1.
Clinical waste incineration. uncontrolled rotdayn incinerator, page 8

GB 2@3, Table 31 Tier 1 emission factors for source category, 5.C.1.
Clinical waste incineration. uncontrolled rotary kiln incinerator, page 8

GB 2@3, Table 31 Tier 1 emissioffiactors for source category, 5.C.1.b.
Clinical waste incineration. uncontrolled rotary kiln incinerator, page 8

GB 2@3, Table 31 Tier 1 emission factors for source category, 5.C.1.
Clinical waste incineration. uncontrolled rotdayn incinerator, page 8

GB 2@3, Table 31 Tier 1 emission factors for source category, 5.C.1.
Clinical waste incineration. uncontrolled rotary kiln incinerator, page 8

GB 2@3, Table 31 Tier 1 emissioffactors for source category, 5.C.1.b,
Clinical waste incineration. uncontrolled rotary kiln incinerator, page 8

GB 2019, Table-B Tier 1 emission factors for source category, 5.C.1.
Clinical waste incineratiomncontrolled rotary kiln incinerator, page 8

GB 2019, Table-B Tier 1 emission factors for source category, 5.C.1.
Clinical waste incineration. uncontrolled rotary kiln incinerator, page 8

GB 2019, Table-BTier 1 emission factors for source category, 5.C.1.
Clinical waste incineration. uncontrolled rotary kiln incinerator, page 8

GB 2@3, Table 31 Tier 1 emission factors for source category, 5.C.1.
Clinical waste incineratiomncontrolled rotary kiln incinerator, page 8

GB 2019, Table-B Tier 1 emission factors for source category, 5.C.1.
Clinical waste incineration. uncontrolled rotary kiln incinerator, page 8

GB 2019, Table-B Tier 1 emission factors for source category, 5.C.1.
Clinical waste incineration. uncontrolled rotary kiln incinerator, page 8

GB 2019, Table-B Tier 1 emission factors for sourcategory, 5.C.1.b.ii
Clinical waste incineration. uncontrolled rotary kiln incinerator, page 8

GB 209, Table 35, Tier 2 emisson factors for source category, 6.c.
Clinical waste incineratigiype 2 plantspagel3

GB 2009, Table-8, Tier 2 emission factors for source category, 6.
Clinical waste incineration, Type 2 plants, page 13

GB 2009, Table-3, Tier 2 emission factors for source category, 6.
Clinicawaste incineration, Type 2 plants, page 13

GB 2009, Table-8, Tier 2 emission factors for source category, 6.
Clinical waste incineration, Type 2 plants, page 13

GB 2009, Table-8, Tier 2 emission factoroif source category, 6.c.e
Clinical waste incineration, Type 2 plants, page 13

GB 2009, Table-8, Tier 2 emission factors for source category, 6.
Clinicawaste incineration, Type 2 plants, page 13

GB 2009, Table-8, Tier 2 emission factors for source category, 6.
Clinical waste incineration, Type 2 plants, page 13

GB 2009, Table-3, Tier 2 emission factors faource category, 6.c.g
Clinical waste incineration, Type 2 plants, page 13
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Pdlutant Value Unit References

As 1.3 g/Mg waste GB 2009, Table-3, Tier 2 emission factors for source category, 6.
Clinicawaste incineration, Type 2 plants, page 13

Cr 4.7 g/Mg waste = GB 2009, Table-B, Tier 2 emission factors for source category, 6.
Clinical waste incineration, Type 2 plants, page 13

Cu 2.6 g/Mg waste =GB 2009, Table-3, Tier 2 emissiorfactors for source category, 6.c.i
Clinical waste incineration, Type 2 plants, page 13

Ni 0.4 g/Mg waste GB 2009, Table-3, Tier 2 emission factors for source category, 6.
Clinicawaste incineration, Type 2 plants, page 13

PCB 0.02 o/Mg waste = GB 2009, Table-B, Tier 2 emission factors for source category, 6.
Clinical waste incineration, Type 2 plants, page 13

PCDD/PCDF 0.141 mg}Teg/Mg GB 2009, Table-8, Tier 2 emision factors for source category, 6.c.
waste Clinical waste incineration, Type 2 plants, page 13

Total 4 PAHs 0.04 mg/Mg GB 2009, Table-3, Tier 2 emission factors for source category, 6.
waste Clinicalwaste incineration, Type 2 plants, page 13

HCB 0.1 g/Mg waste = GB 2009, Table-B, Tier 2 emission factors for source category, 6.

Clinical waste incineration, Type 2 plants, page 13

7.4.2. Sourcespecific uncertainties and timgeries consistency

In the NFR sector 5.C the activity data uncertainty was estimated to be 10%; the emission factor
uncertainty was estimated to be 200% (rating D), based on expert judgment foXQQ25% (rating

C) for NMVOC. No uncertainty analysasdone for the other polluants.

7.4.3. Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this source categomystivty data were checked

for plausibility and timeseries consistency; emission data were checked for completeness and for
consistency between the calculation files, NFR tables and the IIR.

7.4.4. Sourcespecific recalculations including changes made in respadio the review
process

No recalculatiorwasperformed in this category.

7.4.5. Sourcespecific planned improvements including those in response to the review
process

Recaluculation of SOx emissions due to omiited number in the emission factor. EF 1.4 has
beenused instead of 1.1.

7.5. Open burning of wasteNFR 5.C.2

7.5.1. Methodological issues

The simpler methodology involves the use of a single emission factor for each pollutant representing
the emission per mass of waste burned, combined with activity statistics:

Epollutant= AR)roduction3 E E)ollutant

This requires a pricknowledge of the weight cdgricultural waste produced per hectare of forestry,
orchard,and farmland. It is assumed that open burning of agricultural waste (except stubble burning)
is mainly practiced in forestryrchard,and arable farming; emissionsofn open burning for other
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types of farming are likely to be less significant and arerassito be negligible. The average amount

of waste burned for arable farmland is therefore 5.C.2 Open burning of waste GB 2013/2009
estimated to be 25 kg/hectare. Thapproach has been used fostenation of activity data. The activity
data were calculate@vhen the agriculture area expressed in hectares was multiplied with the factor
25 and divided by 1000 which equals to the waste burned irfF&igexamplefor 2018 the burning
waste was calculated in this manner 518.740*25/1000=12.969

Activity data

Data o arable farmland taken from the statistical office and calculated waste burned are presented
in the following table. Data on arable farmland are taken fi®tate Statistical Office of the Republic

of North Macedonia, Field cropsichards,and vineyards, @Q7-2017 and MAKSTAT databd82].

Table191 Activity data for source category 5.C:Dpen burning of waste

Year Arable farmland Waste [Mg] | Year Arable farmland Waste [Mg]
[hectare] [hectare]
1990 667000 16675 2006 537000 13425
1991 664000 16600 2007 529000 13225
1992 662000 16550 2008 521000 13025
1993 663000 16575 2009 513000 12825
1994 661000 16525 2010 504000 12600
1995 656000 16400 2011 511000 12775
1996 658000 16450 2012 510000 12750
1997 647000 16175 2013 509000 12725
1998 635000 15875 2014 511579 12789
1999 633000 15825 2015 513564 12839
2000 598000 14950 2016 516644 12916
2001 612000 15300 2017 516870 12922
2002 577000 14425 2018 518740 12969
2003 569000 14225 2019 519848 12 996
2004 560000 14000 2020 517 039 12 926
2005 546000 13650 2021 516 733 12918
2022 514436 12861

Emission Factors

The emission factors used are as outlined in the GEB &f source category 5.C.2.

Table192Emission factors for source category 5.CQpen burning of waste
Pollutant Value Unit References

NOXx 3.18 kg/Mg GB 2@3, Table 31 Tier 1 emission factors for source category 5.C.2
Smaliscale waste burning, page 6

NMVOC 1.23 kag/Mg GB 2@3, Table 31 Tier 1, emission factors for source category 5.C.2
Smaliscale waste burning, page 6

SOx 0.11 kg/Mg GB 2@3, Table 31 Tier 1 emission factors for source category 5.C.2
Smaliscale waste burning, page 6
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Pollutant Value Unit References

PM2.5 4.19 kg/Mg GB 2@3, Table 31 Tier 1, emission factors for source category 5.C.2
Smaliscale waste burning, page 6

PM10 451 kg/Mg GB 2@3, Table 31 Tier 1 emission factors for source category 5.C.2
Smallscale waste burning, page 6
TSP 4.64 ka/Mg GB 2@3, Table 31 Tier 1, emission factors for source category 5.C.2
Smaliscale waste burning, page 6
BC 42 % of GB 2@3, Table 31 Tier 1emission factors for source category 5.C.2
PM2.5  Smallscale waste burning, page 6
CcO 55.83 ka/Mg GB 2@3, Table 31 Tier 1, emission factors for source category 5.C.2
Smallscale waste burning, page 6
Pb 0.49 o/Mg GB 223, Table 31 Tier 1, emission factorerfsource category 5.C.2
Smaliscale waste burning, page 6
Cd 0.1 o/Mg GB 2@3, Table 31 Tier 1, emission factors for source category 5.C.2
Smaliscale waste burning, page 6
Cr 0.01 o/Mg GB 2@3, Table 31 Tier 1, emission factors for sourcategory 5.C.2
Smaliscale waste burning, page 6
Cu 0.2 o/Mg GB 2@3, Table 31 Tier 1, emission factors for source category 5.C.2
Smaliscale waste burning, page 6
Se 0.07 o/Mg GB 2@3, Table 31 Tier 1, emission factors for source category 5.C.2
Smaliscale waste burning, page 6
"PCDD/PCDF 10 mg GB 2@3, Table 31 Tier 1, emission factors for source category 5.C.2
(dioxins/furans)" Teq/Mg = Smaliscale waste burning, page 6
benzo(a) pyren 2.33 g/Mg GB 2@3, Table 31 Tier 1, emission factors fepurce category 5.C.2
Smaliscale waste burning, page 6
benzo(b) 4.63 g/Mg GB 2@3, Table 31 Tier 1, emission factors for source category 5.C.2
fluoranthene Smaliscale waste burning, page 6
benzo(k) 5.68 o/Mg GB 2@3, Table 31 Tier 1emission factors for source category 5.C.2
fluoranthene Smaliscale waste burning, page 6

7.5.2. Sourcespecific uncertainties and timgeries consistency
See chapte7.4.2.

7.5.3. Sourcespecific QA/QC and verification

See chapter 7.3.

7.5.4. Standard QA/QC procedures were carried out for this source category, i.e. activity data were
checked for plausibility and timgeries consistency; emission data were checked for completeness
and for consistency between the calculation files, NFR tables and th8olR:especific
recalculations including changes made in response to the review process

No recalculations were made in this category.

7.5.5. Sourcespecific planned improvements including those in response to the review
process

No planned improvements.
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7.6. Wastewatertreatment - NFR 5.01 and5.D.2

7.6.1. Methodological issues

In Macedonia there are seventeemastewater treatment plants, they have been contacted to get
data plant specific data and especially the amount of domestic wastewater treated in the plants. Based
on the data receigd by the plants, emission was calculated based on a Tier 1 approach.

It was also attempted to gain data on how much people are connectadgstewatertreatment. The

data from Eurostat provide values for several years, in the range76t.5Another infamation was

F2dzy R Ay GKS {h9w O2dzyiNER LINRPBFAES T2NJ all OSR2Yy Al
dwellings are connected to a public sewage system, 21% have septic tanks and another 19% have only

I a2aidSY 27F dzyO2y i NRf fcBrRingdolthe BS eéxpeitsS N3 rierberGéemNA S &
right concerning the connection to the sewage system, but when it comes to the connection to waste

water treatment plants, the percentages provided by EUROSTAT seem reliable. Still, this information

is not suffcient to decide on how many people are using latrines or skeptic tanks, which serve as
activity data for NH3 emissions. For this reasorn; &hissions from 5.D cannot be calculated with the

available data. Howevetg also report on NMVOC emiss®ifrom 5.D, the amount of wastewater

from households and industries is needed.

With regards to the 5.D.2, Industrial facilities send the information about thiagtewatertreated in

their wastewatertreatment plants through questionnaires send to themthe State Statistical Office.

The results for the quantity of wastewater treated and emissions calculated based on a Tier 1
approach of NMVOC are underestimated.

Activity data
Activity data on wastewater handled in treatment plants are presented indgHeviing table:

Table193Activity data for source category 5.D-Wastewater treatment(19902022)

Year Water treated Year Water treated [
[m?]

1990 14690160 2007 15.304.820
1991 15320880 2008 16.093.220
1992 14.374.800 2009 21.187.840
1993 15.636.240 2010 21.698.560
1994 15.320.880 2011 21.113.200
1995 14.374.800 2012 22.836.899
1996 14.847.840 2013 21.079.644
1997 15.163.200 2014 24.709.351
1998 15.793.920 2015 25.322.341
1999 15.951.600 2016 12.675.451
2000 14.532.480 2017 9.639.664
2001 15.478.560 2018 21.395.408
2002 14.374.800 2019 36.126.117
2003 15.163.200 2020 47.746.743
2004 15.462.500 2021 39.301456
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2005 16 408580 2022 29.861.372
2006 16 250900

Table194 Activity data for sourcecategory 5.D.Z; Industrial Wastewater treatment(1990-2022)

Year Water treated Year Water treated [nT]
[m?]
1990 NO 2007 349927.000
1991 NO 2008 94.786.000
1992 7.449.000 2009 49.593.000
1993 24.469.000 2010 20.131.000
1994 35.479.000 2011 77.573.000
1995 46.489.000 2012 92.492000
1996 19.298.000 2013 230.053000
1997 33.157.000 2014 12.161000
1998 47.016.000 2015 16.188000
1999 22.002000 2016 12.620.000
2000 15.197.000 2017 242036.000
2001 3.728000 2018 351131000
2002 41.461.000 2019 6.823420
2003 45,879.000 2020 220.391.000
2004 NE 2021 219.714.000
2005 132976.000 2022 332.125.000
2006 132976.000

The emission factors applied are the given ones in the EMEB dquidebook, which allowed the

calculation of N6WOGemission from domestic wastewater handling. The emission factor used is 15mg
NMVOCLISNJ Yw ¢l aidSsl G4SN ¢KSNBE Aa |y F@FLAfrofS Sy
used for calculation of ammonia éssions, because until now there is no available data on number of

people connected to latrines.

7.6.2. Sourcespecific uncertainties and timgeries consistency

In the NFR sector 5.D the activity data uncertainty was estimated to be 10%; the enfigggamnm
uncertainty was estimated to be 125% (rating C) for NMVOC. Time series consistency is ensured by
applying the same methodology for the whole time series.

7.6.3. Sourcespecific QA/QC and verification

Standard QA/QC procedures were carried out for this s@gategory, i.e. activity data were checked
for plausibility and timeseries consistency; emission data were checked for completeness and for
consistency between the calculation files, NFR tables and the IIR
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7.6.4. Sourcespecific recalculations including chasgmade in response to the review
process

No recalculations were made in this category.

7.6.5. Sourcespecific planned improvements including those in response to the review
process

Activity data were receivedfom Annual reports from State statistical officBata on number of
people connected to latrines will be required from the relevant institutibhe information and data
currently are underestimated regarding the unavailabilitglata fornumber of latrinesNo data were
avalible inthe Census conducted R021.EIT will search possibility for estimation of these emissions.
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8. NATURAL SOURCES

8.1. Sector overview

This chapter describes emissions fromat(rally or maninduced) burning of noimmanaged and
managed forests and other vegetation, excluding agricultural burnirggutible, etc. This includes
domestic fires (fuel wood, crop residue, dung and charcoal burning), as well as open vegetation fires
(forest, shrub, grass and cropland burning).

In this Inventory Report, this chapter shows emissions, which originated from open vegetation forest
fires.

This sector includes information and description of the methodologies applied for estimating
emissionsdr NMVOC, NEINOx, SOx, PM10, PM2.5, TSP CBéhds well as references to activity
data and emission factors concerning emissions coming from the forest fires for the peric@@200

8.2. General description

Methodology
Tier 1 approach was usedsing the given default Emission factors from the GB2019.

Completeness
The information on the completeness in this sector is presented in the following table.

Table195Completed/Not completed NFRs in sector Natural sources

NFR ctegory Comgeteness
11.B Forest fires K
11.A Volcanoes NO
11.C Other Natural Sources NE

8.3. Forest firesc NFR 11.B

8.3.1. Methodological issues
The Tier 1 approach for emissions from forest fires uses the general equation:

O BO'Y 00

Where:

Boiutant = IS the emission of a certain pollutant.

ARumed=is the total area thiehas been burned/wood burned
ERoiuant=iS the emission factor for this pollutant.

8.3.1.1.Activity Data

The activity data fothis sector a taken from the publicatioforestry, 200@201435], published by
the Statisticaloffice, as well ondata recaved on the requirement sent to the Public enterprise
Macedonian forest®n our request.
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Tablel196 Activity data for soure category 11.B Forest fires
Year Area burned [ha] Wood burned [m3] Wood burned [kg]

1990 NE 1131 870870
1991 NE 3729 2871330
1992 NE 2 1540
1993 NE 4213 3244010
1994 NE 96612 74391240
1995 NE 54228 41755560
1996 NE 636 489720
1997 NE 4084 3144680
1998 NE 4214 3244780
1999 NE 3856 2969120
2000 4807 711782 548072140
2001 5255 88260 67960200
2002 5482 24661 18989186
2003 1922 10987 8459990
2004 1798 4322 3328171
2005 3093 1063 8185510
2006 3594 12978 9993060
2007 34443 617678 475612060
2008 15046 35652 27452425
2009 1030 1551 1194270
2010 4725 2033 1565410
2011 8702 55743 42922341
2012 19312 102160 78663200
2013 2844 15268 11756090
2014 1150 19152 14747040
2015 3165 32494 25020380
2016 2166 17573 13531749
2017 13405 82981 63895455
2018 2823 578 4455205
2019 15675 95 940 73872414
2020 1234 8138 6266260
2021 12 315 49 0023 377318080
2022 1956 12 477 9 607 444
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8.3.1.2.Emission factors
Calculation of emission parameters was used, and emission factors were taken from th235B 20

Table197 Emission factors for source category 11.B Forest fires

Pollutant Value Unit References

b, E 100 kg/ha area burned GB 2@3,11B Forest firesTable 31, pg. 9
CcoO 3000 kg/ha area burned GB 2@3, 11B Forest fires, Tablel3 pg. 9
NMVOC 300 kg/ha area burned GB 2@3, 11B Forest fires, Tablel3 pg. 9
SOx 20 kg/ha areaburned GB 2@3, 11B Forest fires, Tablel3 pg. 9
NHs 20 kg/ha area burned GB 2@3, 11B Forest fires, Tablel3 pg. 9
PM10 11 o/kg wood burned GB 2@3, 11B Forest fires, Tablel3 pg. 9
PM2.5 9 g/kg wood burned GB 2@3, 11B Forest fires, Tab®l, pg. 9
TSP 17 g/kg wood burned GB 2@3, 11B Forest fires, Tablel3 pg. 9
BC 9 %PM2.5 GB 2@3, 11B Forest fires, Tablel3 pg. 9

In the Statistical Yearboslfrom 20002016 P2] there is data for wood burned in inCalculation is made for wodnirned
in kg using the equation: average density 0.77 &t®00.

8.3.2. Sourcespecific uncertainties and timgeries consistency
No data available for burned area for the period 199®9.

8.3.3. Sourcespecific QA/QC and verification
Macedonian Forests Company prdeil the data that was crosschecked with the data published in the
SSO publication Forestry.

8.3.4. Sourcespecific recalculations including changes made in response to the review
process
No recalculations were done in this sector.

8.3.5. Sourcespecific plannedmprovements including those in response to the review
process

It is possibleto investigateother natural sourcedut emissions coming from this category are not
calculated in national totals and the rate of importance is considered domparedto other
categories.
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9. RECALCULATIONS AND IMPROVEMENTS

9.1. Recalculations

The followingsection summarizes the changes made since the previous submission for each sector
(e.g. methodological changespdate of activity datanew emission sources). Detailed information
per category can be found in the chapters per seabove.

9.1.1. Explanation ofecalculations per sector

The recalculation was based on the availabilitg aorrection of activity data due ase offinal energy
balans for2021 as well as due tohage of EFfom older version of Guidebook to 2023 version.

Explanations for recalculation per sector are given in the respective chapters. The tables indicating
recalculations per pollutant can be found in tabl8-212.

Energy (NFR 1)
In the NFR sectors 1.A.Zombustion in manufacturing industries and 1.Atnall combustiosfinal
fuel consumption data has been uskxt 2021 in stead of preliminary data

Transport (NFR 1.A.3)

No recalculations were performed in this sector

Industrial processes and product use (NFR 2)

Recalculations werperformed due change of EF from GB 202326 due to updated activity data
for export and import of tobacco and in case db3.a and 2D.3.h due to omitted excel linkage in the
NFR excel calculated tool.

Agriculture (NFR 3)

Recalculations werperformed due change of EF from GB 2023fany categories in 3B. Namely fo
NMVOC all emission factors were updated. For particulates only emission fact®.fae, 3.B.4.g.iv,
3.B.4 and 3.B.1.b were same wittose inGB 2019. FoNH; most of emission factorare changed
with exeption of emission factors in the categories: 3.B.2, 3.B.4.d}.8iBnd 3.B.4.giv.

Waste (NFR 5)
No recalculations were done in this sector.

Recalculations per pollutant
The following tables present the changes of emissions for all air pollutants (reported mandatory by
North Macedonid compared to the previous submissifor 1990 and2021 national totals

Table198Recalculation difference of NOamissions [kt] compared to submission RD22

NOXx emissions [Kt] X 11?90 K k 12?.21 X
1A1 Energy Industries 0.00 0% 0,00 0%
1A2 Manufacturing Industries & Construction 0.00 0% -0,04 -1%
1A3 Transport 0.00 0% 0,00 0%
1A4 Other Sectors 0.00 0% -0,05 -3%
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NOx emissions [kt] 1990 20.21

kK 10 Kk 22 kK 10 k
1B Fugitive Emissions 0.00 0% 0,00 -
2 Industrial Processes and Product Use 0.00 0% 0,00 -7%
3 Agriculture -0,18 -35% 0,39 66%
5 Waste 0,00 0% 0,00 0%
6 Other 0,00 - 0,00 -
Total Total emissions -0,18 0% 0,30 1%

Tablel99Recalculation difference of NMVOC emissions [kt] compared to submissi@0#i

NMVOC emissions [Kt] X 11?90 K i K 12?21 X

1A1 Energy Industries 0.00 0% 0.00 0%
1A2  Manufacturing Industries & Construction 0.00 0% 0.00 0%
1A3 Transport 0.00 0% 0.00 0%
1A4  Other Sectors 0.00 0% -0.04 -1%
1B Fugitive Emissions -1.48 -35% -2.19 -44%
2 Industrial Processes and Product Use 0.00 0% -2.12 -22%
3 Agriculture 0.18 3% 0.00 0%
5 Waste 0.00 0% 0.00 0%
6 Other 0.00 - 0.00 -
Total 201 f SYraaaAizya -1.30 -3% -4.36 -17%

Table200Recalculation difference of S@missions [kt] compared to submission 2021

SQ emissions [ki] X 11?90 K r 12?21 r
1A1 Energy Industries 0.00 0% 0.00 0%
1A2 Manufacturing Industries & Construction 0.00 0% 0.06 1%
1A3 Transport 0.00 0% 0.00 0%
1A4 Other Sectors 0.04 5% -0.01 -4%
1B Fugitive Emissions 0.00 0% 0.00 -
2 Industrial Processes and Product Use 0.00 0% 0.00 0%
3 Agriculture 0.00 - 0.00 -
5 Waste 0.00 0% 0.00 0%
6 Other 0.00 - 0.00 -
Total  Total emissions 0.04 0% 0.04 0%

Table201 Recalculation difference of N&&missions [kt] compared to submission R021

— 1990 2021
NHs emissions [kt] K10 k o K10 &
1A1 Energy Industries 0.00 0.00 0.00 -
1A2 Manufacturing Industries & Construction 0.00 0.00 0.00 -
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L 1990 2021
NHs emissions [kit]

kK 10 k 22 kK 10 Kk

1A3 Transport 0.00 0.00 0.00 0%
1A4 Other Sectors 0.98 0.51 0.51 775%
1B  Fugitive Emissions 0.00 0.00 0.00 -2%

2 Industrial Processes and Product Use 0.00 -0.01 -0.01 -

3 Agriculture 0.14 0.10 0.10 1%

5 Waste 0.00 0.00006 0.00006 -

6  Other 0.00 0.00 0.00 -
Total Total emissions 1.13 0.60 0.60 8%

Table202Recalculation difference of PM2.5 emissions [kt] compared to submissio2021L

PM2.5 emissions [kt] X 119[90 e T 12?21 k
1A1 Energy Industries 0.00 - 0.00 0%
1A2 Manufacturing Industries & Construction 0.00 - 0.00 0%
1A3 Transport 0.00 - -0.02 0%
1A4 Other Sectors 0.00 - 0.00 0%
1B Fugitive Emissions 0.00 - -0.09 16%
2 Industrial Processes and Product Use 0.00 - 0.04 -23%
3 Agriculture 0.12 - 0.00 24%
5 Waste 0.00 - 0.00 0%

6 Other 0.00 - -0.07 -
Total Total emissions 0.12 0% 0.00 -1%

Table203Recalculation difference of PM10 emissions [kt] compared to submis20al

PM10 emissions [kt] X 11?90 K 5 K 12(321 X
1A1 Energy Industries 0.00 - 0.00 0%
1A2 Manufacturing Industries &onstruction 0.00 - 0.00 0%
1A3 Transport 0.00 - 0.00 0%
1A4 Other Sectors 0.00 - -0.02 0%
1B Fugitive Emissions 0.00 - 0.02 16%
2 Industrial Processes and Product Use 0.00 - -0.41 -38%
3 Agriculture 0.49 - 0.15 -4%
5 Waste 0.00 - 0.00 0%

6 Other 0.00 - 0.00 -
Total Total emissions 0.49 0% -0.26 -8%

Table204 Recalculation difference of TSP emissions [kt] compared to submissi@di

Page 281 Republic of North Macedonia INFORMATIVE INVENTORY REPORT



TSP emissions [Ki]

kK 10 Kk 2z kK 10 Kk 2=
1A1 Energy Industries 0.00 - 0.00 0%
1A2 Manufacturing Industries & Construction 0.00 - 0.00 0%
1A3 Transport 0.00 - 0.00 0%
1A4 Other Sectors 0.00 - -0.02 0%
1B Fugitive Emissions 0.00 - 0.05 16%
2 Industrial Processes and Product Use 0.00 - -1.25 -38%
3 Agriculture -0.40 - -0.11 -4%
5 Waste 0.00 - 0.00 0%
6 Other 0.00 - 0.00 -
Total Total emissions -0.40 0% -1.33 -8%

Table205Recalculation difference of CO emissions [kt] compared to submissidz0zi

CO emissions [kt] X 119[90 K o K %0[2.1 K o
1A1 Energy Industries 0.00 0% 0.00 0%
1A2 Manufacturing Industries & Construction 0.00 0% 0.04 1%
1A3 Transport 0.00 0% 0.00 0%
1A4 Other Sectors 0.00 0% -0.12 0%
1B Fugitive Emissions 0.00 0% 0.00 -

2 Industrial Processes and Product Use 0.00 0% -0.11 -12%
3 Agriculture 0.00 - 0.00 -
5 Waste 0.00 0% 0.00 0%
6 Other 0.00 - 0.00 -
Total Total emissions 0.00 0% -0.19 0%

Table206 Recalculation difference of Pb emissions [t] compared to submissioh(gal

Pb emissions [t] X 11?90 K i K 12(321 K i

1A1 Energy Industries 0.00 0% 0.00 0%
1A2 Manufacturing Industries & Construction 0.00 0% 0.01 1%
1A3 Transport 0.00 0% 0.00 0%
1A4  Other Sectors 0.01 1% 0.00 0%
1B Fugitive Emissions 0.00 - 0.00 -

2 Industrial Processes and Product Use 0.00 0% 0.02 3%
3 Agriculture 0.00 - 0.00 -

5 Waste 0.00 0% 0.00 0%
6 Other 0.00 - 0.00 -

Total Totalemissions 0.01 0% 0.02 1%
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Table207 Recalculation difference of Cd emissions [t] compared to submissic20BL

Cd emissions [t] X 11?90 K 7 k 12?21 X
1A1 Energy Industries 0.00 0% 0.00 0%
1A2 Manufacturinglndustries & Construction 0.00 0% -0.01 0%
1A3 Transport 0.00 0% 0.00 0%
1A4 Other Sectors 0.00 0% 0.00 -1%
1B Fugitive Emissions 0.00 - 0.00 -
2 Industrial Processes and Product Use 0.00 0% 0.00 0%
3 Agriculture 0.00 - 0.00 -
5 Waste 0.00 0% 0.00 0%
6 Other 0.00 - 0.00 -
Total Total emissions 0.00 0% -0.01 0%

Table208Recalculation difference of Hg emissions [t] compared to submissioRU&L

Hg emissions [t] 19_90 2921

kK 10 k 7z kK 10 k
1A1 Energyindustries 0.00 0% 0.00 0%
1A2 Manufacturing Industries & Construction 0.00 0% 0.00 1%
1A3 Transport 0.00 0% 0.00 0%
1A4 Other Sectors 0.00 0% 0.00 -9%
1B Fugitive Emissions 0.00 0% 0.00 -2%
2 Industrial Processes and Product Use 0.00 0% 0.00 0%

3 Agriculture 0.00 0% 0.00 -
5 Waste 0.00 0% 0.00 0%

6 Other 0.00 0% 0.00 -
Total Total emissions 0.00 0% 0.00 0%

Table209Recalculation difference of PCDD/ PCDF emissions [t] compared to submisskir2in

PCDD/ PCDF emissions [t] X 11?90 K k 12?21 X
1A1 Energy Industries 0.00 0% 0.00 0%
1A2 Manufacturing Industries & Construction 0.00 0% 0.01 1%
1A3 Transport 0.00 - 0.00 -
1A4 Other Sectors 0.00 0% -0.02 0%
1B Fugitive Emissions 0.00 - 0.00 -
2 Industrial Processes and Product Use 0.00 0% 0.00 0%
3 Agriculture 0.00 - 0.00 -
5 Waste 0.00 0% 0.00 0%
6 Other 0.00 - 0.00 -
Total Totalemissions 0.00 0% -0.01 0%
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Table210Recalculation difference of PAHs emissions [t] compared to submissi@02i

PAHsemissions [t] X 11?90 K i K 12?21 X
1A1 Energy Industries 0.00 0.00 0.00 0%
1A2 Manufacturing Industries & Construction 0.00 0.01 0.01 0%
1A3 Transport 0.00 0.00 0.00 -
1A4  Other Sectors 0.03 0.02 0.02 1%
1B Fugitive Emissions 0.00 0.00 0.00 -
2 Industrial Processes and Product Use 0.00 0.00 0.00 0%
3 Agriculture 0.00 0.00 0.00 -
5 Waste 0.00 0.00 0.00 0%
6 Other 0.00 0.00 0.00 -
Total Total emissions 0.03 0.02 0.02 0%

Table211Recalculation difference of HCB emissions [kg] compared to submissi@02h

HCB emissions [kg] r 11?90 K " 12([).21 v
1A1  Energy Industries 0.00 - 0.00 -
1A2 Manufacturing Industries & Construction 0.00 0% 0.00 4%
1A3 Transport 0.00 - 0.00 -
1A4  Other Sectors 0.00 0% 0.00 -8%
1B Fugitive Emissions 0.00 - 0.00 -
2 Industrial Processes and Product Use 0.00 0% 0.00 0%
3 Agriculture 0.00 - 0.00 -
5 Waste 0.00 - -0.01 -6%
6 Other 0.00 - 0.00 -
Total Total emissions 0.00 0% -0,01 0%

Table212 Recalculation difference of PCB emissions [kg] compared to submission ih 202

PCB emissions [kg] X 11?90 K o X 12?.21 K o
1A1 Energy Industries 0.00 - 0.00 -
1A2 Manufacturing Industries & Construction 0.00 0% 0.01 1%
1A3 Transport 0.00 - 0.00 -
1A4 Other Sectors 0.95 1511% 0.48 2136%
1B Fugitive Emissions 0.00 - 0.00 -

2 Industrial Processes and Product Use 0.00 0% 0.00 0%
3 Agriculture 0.00 - 0.00 -
5 Waste 0.00 - 0.00 0%
6 Other 0.00 - 0.00 -
Total Total emissions 0.95 0% 0.49 0%
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9.2. Plannedimprovements

In the followingtable the plannedimprovementsthat are listed wererecommendedbut were not
implementedup to nowand are planned to be implemented in the future. The improvements are
structured as general issuasd sumiriesector improvementswhile detail sector improvments are
given in Chapter8-7.

Table213Planned improvements

Subjed Source Rating | Improvement planned TimelineCo
mments
Planned to be
implemented
in the
following
Recalculations to be quantified for the Deper!ds on pO.SS'.b'"ty to §gbm|53|on$
: . ; make it due to limited it is planned
whole time series. currently (i.e. NEIT Medium capacitiesbut it will be to prepare
Submission 2017) only for 1990 and .
last reporting year done _for_future wholeume_:
submissions. recalculation
in IPA
technical
project during
2025-2026
There are a lot of QA/QC  2025-2026
proceduresand Matrix
flow has been prepared
but due to limited
) . capacities QA/QC plan
Preparation of QA/QC plan NEIT Medium has not been yet
prepared it is
concedered to be
preparingin the
forthcoming IPA project.
Implement higher Tier method for all High Tier 2 method is Higher Tier
the key categories. implemented for several wethod was
categories and Tier 3is | implemented
implement in Transport | for agricultue
and Energy production, | sector 3B by
However, there are stil IIASANn EU 4
NEIT many categories for Green project
which we use Tier 1 but the results
method should be
analysed and
will be
implemented
for
Submission of projections data High IPA technical
planned for the following submissions project during
NEIT 2025-2026
and to submit
data in2027
Impruvment d the information on Medium Text willbe
gridded data improved
NEIT with next

submission of
gridded data
in 2025
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9.3. Status of implementation of ERTSs -ofepth review

recommendations (CLRTAP stage 3 review and if applicable

NECD review)

9.3.1. Staus of implementation of last and previous reviews

General

1.A3Db

1.A3Db

1.A.3b

1.A.2.gvii
1.A4aii
1.A3a
1.A3b
1.A.3cii and
1.A.3ciii

1.A.3.aand
1.A3b

Republic of North

North Macedonia does not provide
information on the condensable
component of PM in the IIR. To the
question on the issue North Macedonia
answered that they wilkkonsiderthe

issue and include it in a forthcoming
project during 2021. The ERT
recommends Noft Macedonia to
include this project in the improvement
plan in the next submission and to repoil
the results of the project regarding
condensable component in IR Table A€
as requested in Reporting Guidelines
Annex Il.

ERT noticed the inconsistency of data ir
road transport. There is a need to use tt
same methodology

ERT noted that the EF used for passeng
cars gasoline fuel for Euro 0 vehicles in
IIR Table 74 (Emission factor for source
category 1A3bi Road Transport:
Passenger cars used for cahtidn of
emissions in the period 2012018 by use
of Tier 2 methodologies) differs from the
EF in Guidebook 2019. The ERT
recommends that the Party adds an
explanation for the use of this EF and
documents the calculation of Euro 0

LI aaSy3aSN) énissisinin tAd:
IIR.

The ERT identified some errors in the
reported values such as CO from NFR
1A3b in the 2019 submission and in the
2020 submission. In the 2019 submissic
the valie of CO emissions for 1991 was
35.295 kt, and in the 2020 submission
the value of CO emission was 56.323 kt
During the review the Party explained
that there was a mistake in the 2019
submission and that in the 2020
submission the value was correct.
Inconsietency in notationkeys and
expelnation of the reasons for the use o
the notation keys

The ERT noted that BC emissions from
1A3ai (i), and 1A3aii (i), 1A3c, 1A3b
emissions are not reported

CEIP/S3.RR/ Medium
2020/North
Macedonia

CEIP/S3.RR/ High
2016/North
Macedonia

CEIP/S3.RR/ Low
2020/North
Macedonia

CEIP$3.RR/  Low
2020/North
Macedonia

CEIP/S3.RR/ Low
2020/North
Macedonia

CEIP/S3.RR/ Low
2016/Nath
Macedonia

9 HAN
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Implemented. Status
on condensables is
included in the IIR
submitted in 2021 as
Appendix 2

COPERT Model

was used for
emission
calculations for
period 20052022
Explenation included
inlIR

Value was corrected

Notation keys
changed and
explanation included
in the IIRaccording
to the
recommendations
given by Stage 3
review

Black carbon
emissions were
calculated for these
categories
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1.A3.c

1.A3.ei

1.A.4.bii

1.AA4.c.ii

General

Page 287

The ERT recommended use of higher ti
methodology

The ERT recommends that the party
contacts the gas suppli¢o find out if
compressor stations are used in the
FYROM and which technologies they us
to maintain the pressure in the pipelines

Due to not available activity data for
Residential: Household and gardening
(mobile) same activity data are used for
the last year. According to the last stage
o NB@GASs NBLRNI yd
maybe used ad surrogate data.

The ERT recommends the Party to
estimate and report the missing
emissions or encourages the Party to
include an explanation in the IR on why
emissions haw not been estimated.

The ERT would like to point out that a
Tier 2 or 3 methodology should be
applied to all sourceglentified as key
categories and thus would apply to all
sources listed in tables 2 to 7.

CEIP/S3.RR/ Low
2020/North
Macedonia

CEIP/S3.RR/ Low
2016/North
Macedonia

CEIP/S3.RR/ Low
2016/North
Macednia

CEIP/S3.RR/
2016/North
Macedonia

CEIP/S3.RR/
2016/

Tier 2 was
implemented for
20202021
emissions due to
avalible data

The Natioml
inventory team has
contacted the gas
supplier and recive
information that
stations are on
electricity, therefore
the notation key NO
Not occurring is
inserted for the
whole seria and this
is explain in the 1IR.
Recalculation was
made in this sector
usingK 2 dz& S K 2
data as surrogate
data

Information on
reason why these
emissions are not
estimated is
included in this IIR
Currently Tier 2
methodologies are
implemented only
on limited NFR
sectors but few
more sectors in this
submission.
However, for most
of the sectors. T1
calculations are
possible due to data
constraints. but
further
methodological
improvements will
be investigated. Tier
3 COPERT
methodology for
20142018 has been
implemented but
data were not
submitted in the
reporting round. The
submission at least
for the period 2014
2018 will be done in
the next submission.
The NERT has
already prepared
TAEIX expert migm
application for
calculation of
historical emissions
up to 2013 which
has been approved

Republic of North Macedonia INFORMATIVE INVENTORY REPORT



General

General

General

General

General

1.A3Db

1.A5.a

2.B.10.a

Republic of North

The ERT wants to point out that where
the older versions of Guid®ok are used
for emission calculations reasoning for
that should be provided in the IIR
because it is generally recommended to
use the latest version of the Guidebook.

During the review, the ERT pointed out
that Tier 2 or higher tier methods shoulc
be used for key categories instead of Ti
1 methods that are currently used for
most cdegories.

In the inventory improvement plan, the
FYROM indicated to carry out a trend
assessment within the KCA in future
years

The ERT recommends actual value of
emissions instead of a plain zeroor
replacement of the value with an
appropriate notatiorkey.

The 2016 submission included LPS dat:
for 2014 but no gridded emissions

For 2014, 2015 and 2016 data, Tier 2
methodology was applied. MEPP is
planning to start with the use COPERT '
model for calculating transport emission
in future.

In the lIR it is stated that this sector is ni
estimated due to lack of activity data an
that it seems not to have a major impac
on the national emissions and will be
calculated or categorizeas |IE when
activity data or information are made
available in the future submissions. The
ERT recommends that North Macedonit
includes this issue in their planned
improvements and follows up on them.
To the question on if it is assumed that
any of the activities falling under the
scope of NFR 2B10a exist in the territor
of North Macedonia and in case they
exist, can the Party estimate éssions
using the guidance given by the ERT
North Macedonia responded that the
following activities existed in earlier

CEIP/S3.RR/
2016/

CEIP/S3.RR/
2016/

CEIP/S3.RR/
2016/

CEIP/S3.RR/
2016/

CEIP/S3.RR/
2016/

CEIP/S3.RR/ High
2016/Maced
onia

CEIP/S3.RR/ High
2016/North
Macedonia

CEIP/S3.RR/ High
2020/Maced
onia

Macedonia INFORMATIVE INVENTORY REPORT

by EU commission
and is expecting that
the mission will be
carried out In period
20202022

The NIT has used
2023EMEP
Guidebook for a lot
of sector, however
dueto limited
activity data for
some sectors EF
from older
Guidebooks are
used.

The NIT has started
to use Tier 2 for
several sector in
Transport, Industry
and Agriculture.
Trend assessment
analysis was
included in the IIR
the following year
after the stage 3
review was done.

This
recommendation
has been
implemented.

Gridded data for
2015 were reported
in 2017 but
information was not
included in thdlR
due to limited
capacities.
COPERT V model
wasused for
emission
calculations for
period 20052022
Emission from this
sector are IE and
information is
included in the IIR

Emissions are
estimated for period
19902005
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2C1

2.C.2
2.C3
2.D.3b

2.C7.c

2D.3g¢g

2K

Page 289

years or existed also currently: sulfuric
acid (040401), Fertilizer do not know
which one, Chlorine production
mercury cell (040413),H@sphate
fertilisers (040414), Polyethylene low
density (040506) and polyethylene high
density (040507), Polyvinylchloride
(040508).

During the review, the ERT notétht
according to the IIR (page 54, Table 8)
NFR 2C1 is one of the Key categories ft
Hg emissions, and that on page 59 in
Table 20, where the results of the level
and trend assessment for Hg are
presented, key Hg category 2C1, is
missing

The ERT noted dips in the ferroalloys
production activity data in 2001 of 85%
and in 2009 of 64% and a jumps in 200
of 346% (approx. 4.5 times) and in 201(
of 121% (approx. 4.2 times).

The ERT noted jumps in the activity dat
of secondary aluminium prodtion in
1999 of 84% and in 2002 of 54% and a
dip in 2004 of 80%.

The ERT noted a jump in all emissions i
1999 of 145% (approx. by 2.4 times) in
road paving with asphalt. To a question
on the issue North Macedonia answere(
that in the statistics the lengtof roads is
the highest in 1999. The ERT
recommends North Macedonia to
include this information in the next
submission

the ERT asked North Macedonia to
provide revisedestimates for SO2 and
TSP during the review

During the review the ERT looked
through the activities that are included ir
the inventory under the category 2D3g
and nded that some of the activities thai
are covered in the Guidebook 2019
version are not included in the inventory
of North Macedonia, such as: Asphalt
blowing. Adhesive tape manufacturing.
Pharmaceutical products manufacturing
Textile finishing and Manufaae of

tires. In the IR on p. 213, there is
information about the plan to check the
availability of data on Textile finishing
and pharmaceuticaproducts
manufacturing and to report the related
emissions in the following submissions.
However, there is ninformation on why
activities like Asphalt blowing. Adhesive
tape manufacturing and Manufacture of
tires are not included.

The ERT noted that the notation key "NI
isreported for emissions of Hg and PCB
from category 2K. The ERT noted that ¢
EF based on population is given in the
Guidebook.

CEIP/S3.RR/ Medium
2020/Maced
onia

CEIP/S3.RR/ Low
2020/Maced
onia

CEIP/S3.RR/ Low
2020/Maced

onia

CEIP/S3.RR/ High
2020/North
Macedonia

CEIP/S3.RR/ High
2020/Maced
onia

KCA was corrected

Explenation
incorporated in the
report

Estimation provided
and included in 2022
submission
Informamation is
included in the IIR

Estimation provided
and included in 2022
submission
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2.D.3.a

3.B.4.g.ii

3.D.a.2.a and
3.D.a.3

3.D.1

3.B

3.B3, 3B4gi,
3.B4giii

3.B3

3.Blb

Republic of North

The ERT also notes that the national
statistical office, wholesale businesses (
industry associations may have the
statistics on the consumption of differen
products that are part of domestic use
and required for calculation of NMVOC
emissions with the Tier 2b of the
Guidebook. Alternativgl as presented
on p.18 of Ch. 2D3a in Guidebook 2019
product consumption may be calculated
from statistics on the production of thest
products, provided that import and
export data are available to recalculate
from production to consumption

No explanation was received for the higl
broiler number in 2013. The ERT
recommends that the Party further
investigates the deviation for 2013 and
encourages to complete the
documentation of the statistics in the IR
with this information.

The ERT recommends that the Party
estimate and report NH3 emissions fron
NFRs 3.D.a.2.a and 3.D.a.3 separately
even if those emissions are still
calculated using Tier 1.

However, while EFs are provided in Tak
149 of the IIR, the methodology is not
elaborated. The ERT encourages the
Party to provide a more detailed
description of the

methodology for calculating particle
emissions irthe IR

Based on the data set provided by the
Party the ERT concludes that the N
contents of the fertilizers equal those of
Guidebook and recommends that the
Party

moves to Tier 2 methodology using the
proposed N contents

The ERT

recommends that the FYROM estimate
emissions from key categories by using
least

the Tier 2 method provided in Chapter 3
of the Guidebook.

Party has reported emissions for Black
OFNbB2Y o0./0 Fa y2i
Emissions of these pollutants are not
expected from these categories as no
methods are provided in the Guidebook
The ERT recommends using notation ke
ab! ¢ o

PbisNBLI2Z NI SR a yz2il
Emission of this pollutant is not expecte
from this category as no methods are
LINE GARSR Ay {(KS Dd
recommended.

For 3B1b emissions of COéported as
ab9¢éd 9YAAdAAAZ2Y 2F
expected from this category as no
methods are provided in the Guidebook
FYR y2GFGA2y (1S58 a

CEIP/S3.RR/
2020/Maced
onia

CEIP/S3.RR/
2020/North
Macedonia

CEIP/S3.RR/
2020North
Macedonia

CEIP/S3.RR/
2016/North
Macedonia

CEIP/S3.RR/
2016/North
Macedonia

CEIP/S3.RR/
2020/North
Macedonia

CEIP/S3.RR/
2020/North
Macedonia

CEIP/S3.RR/
2020/North
Macedonia

CEIP/S3.RR/
2020/North
Macedonia
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High

Low

High

Low

High

Low

Low

Low

Low

Estimationfor this
categoryprovided
and included in 2022
submission

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Page 290



3Da2a

3.Da2a and
3.Da3

3.D1

3.Dal

3.D1

3.Df

Page 291

The NH3 emissions from manure
applicaton to land (3Da2a) and from
excreta deposited during grazing (3Da3
is wrongly described in the 1IR to be
Ay Of dZRSR St 48546 KSNE
the NFR reporting tables the emission
figures are reported under 3D. The ERT
encourages North Macedonia to rwect
the information in the future IIR.

the Party has reported emissions for
Black carbon (BC) with the notation key
ab9¢d® 9YAAaAaAZYya 2F
not expected from theseategories and
no methods are provided in the
Guidebook. The ERT recommends usin
y2GlFiGArA2y 18@& ab! ¢d
The ERT notes that North Macedonia
reports emissions NMVOC, PM2.5 and
PM10 emissions frorimorganic fertilizers
under NFR 3D1. According to the
2016/2019 versions of the Guidebook
there is no method for calculating these
emissions. The ERT therefore
recommends the Party to report the
y2GFiGA2y 18@& ab! ¢
values.

The ERT also notes the for use of
emission factors in NFR 3Dal that in the
2016/2019 Guidebook versions refer to
NFR 3De, Cultivated crops (NMVOC) al
NFR 3Dc, Fartevel agricultural
operations (PM2.5 anBM10). When no
methods are given in the 2016/2019
Guidebook, the ERT recommend the us
of "NA" in NFR 3Dal for NMVOC, PM2.
and PM10. In addition, the Party should
estimate the currently missing NMVOC
emissions from NFR 3De and PM2.5 an
PM10 emissions frm NFR 3Dc using the
2019 Guidebook version Table 3.1. For
3D1 the ERT recommends the Party to
replace the emission values with the
y2ilF A2y 18@& ab! ¢d
The Party is using emission factor for N
emissios from inorganic fertilizer from
the 2013 version of the Guidebook, but
the IIR is referring to EF from the 2016
Guidebook. Due to consistency the ER1
recommend the Party to always use
updated EFs from the same and the
latest Guidebook version and to
recdculate the emissions for the time
series to the next submission. During th
review North Macedonia provided a
revised estimate for NOx emissions fror
NFR 3D1 using updated emission factol
as presented in Annex | to this review
report.

The ERT recommends North Macedonic CEIP/S3.RR Medium

to provide a transparent description of
GKS dzaS 2F GKS yz2i
providing all

CEIP/S3.RR/ Low
2020/North
Macedonia

CEIP/S3.RR/ Low
2020/North
Macedonia

CEIP/S3.RR/ Low
2020North
Macedonia

CEIP/S3.RR/ High
2020/North
Macedonia

CEIP/S3.RR/ High
2020/North
Macedonia

2022/North

Implemented

Implemented

Implemented

Implemented

Implemented

The required
information is
inserted in the IR
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3.Dal

5A

5.C1biii

5D1

5D.1

5D.2

5E

relevant documentation in the 2024
submission of the IIR. Macedonia

The ERT recommends that the Party
clearly document the procedure used to
calculate emissions from NFR 3Dal,
Inorganic Nfertilisers.

The ERT sent technical correction and t
Party accepted to include it in the next
submissionThe ERT recommends Nortt
Macedonia to correct the emission factc
for PM2.5 inline with the revised
estimate sent to the ERT during the
review in the next submissioithe ERT
recommends the Party to provide
detailed explanation of the methodology
used for calculation of emissions in the
IIR of the next submission.

The ERT recommends North Macedoni:
to correct these PCDD/F emissions in tt
next submission according to the revise
estimate sent to the ERT. The ERT
noted that no information is provided in
the IIR regarding the reference to the
source of emission factors of SOx, Hg, /
and Ni.asked North Macedonia if it
possible to use a higher tier method to
estimate emissions fromhts category.
The ERT noted that emissions of PAHs
were calculated using other emission
factors than listed in the IIR.

NH3 emissions should be reported unde
NFR 5D1, and that under NFR 5D2 bott
SNAPs are listed for domestic and
industrial wastewater treatment, and
that they can reallocate the emissions
from domestic wastewater treatment to
the category 5D1 if necessa

The ERT notesignificant decrease and
subsequent increase of emissions of
NMVOC in the category 5D2, but that n
explanation was provided in the lIR. The
ERT recommends the Party to report
data on domestic and industrial
wastewater handling separately and to
explain inthe IIR the decrease of NMVO
emissions from industrial wastewater
handling in 2017

The ERT noted that emissions under the
category 5E were reported as NO
although this category includes
accidental fires of cars, of
detached/undetached houses and
administrative, industrial budings.

CEIP/S3.RR/ High
2022/North
Macedonia

CEIP/S3.RR/ High
2020/Nath
Macedonia

CEIP/S3.RR/ High
2020/North
Macedonia

CEIP/S3.RR/ Medium
2020/North
Macedonia
CEIP/S3.RR/ Low
2020/North
Macedonia

CEIP/S3.RR/ Low
2020/North
Macedonia

CEIP/S3.RR/ Low
2020/North
Macedonia

9.3.2. Progress a schedule for implementation

The requied
information is
inserted in the IIR
and source of EF for
NOXx is changed

EF was corrected
anddetailed
explanation of the
methodology used
for calculation of
emissions in the IIR

The revised
estimates were
included and
reference for the
source ofSOx, Hg,
As and NiWas
provided in the IIR.
Higher method was
implemented.

Calculations for
PAHs were correctec

Emissions were
realocatedas
suggested by the
ERT

Emissions from 5D1
and 5D2 were
reported separatly
abd explatiorof the
variations of the
trend in the IIR was
included.

Notation key was
changed

Those recommendations given by the stage 3 review that have not implemented by now are listed in the table below

Table214 Sectorial improvements planned

Republic of North
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NFR Category

1.A3Db

1.A3.c

1.A4.bi

2.D.3b

Page 293

Subject

ERT noted that the EF used for passen
cars gasoline fuel for Euro 0 vehicles in
Table 74 (Emission factor for sour
category 1A3bi Road Transpol
Passenger cars used for calculation
emissions in the period 2012018 by use
of Tier 2 methodologies) differs from th
EF in Guidebook 2019. The E
recommends that the Party adds a
explanation for the use of this EF ar
documents the calculation of Euro

LI 3a8Sy3asSN) OFrNBRQ 3
IIR.

Tier 2 method was used only for 2020
2021if data are gathered the Tier 2
method will be implemented for previou:
years

The ERT notes that Tier 1 methodology
still applied for keyategories in the
following sectors: 1A4bi: NMVOC, PM2,
PM10, TSP, CO, BC, Cd, Cu, Ni, Zn,
PCDD/F, PAHs

The ERT noted the possibility fi
underestimation of NMVOC, TSP, PM:
PM2.5 and BC emissions for the histo
period 19902014 and asked for a tim
frame for the investigation and correctio
of these activity data.

Source rating

CEIP/S3.RR/2020/Nort

h Macedonia High

CEIP/S3.RR/2020/Norl
. Low
h Macedonia

CEIP/S3.RR/2020/Nort

h Macedonia High

CEIP/S3.RR/2020/Nori High
h Macedonia

Timeline/Comme
nts

The Tier 3 COPERT
method needs to be
implemented for
calculations for
period 19962004.
Due to limitation of
reliable activity data
this activtity needs
to be implemented
with technical
support.It is
considered to use
Tier 3 method for
the historical data
during expert
missions in the
forthcoming IPA 11
project 2025-2026)
within the activities
for improvement of
emission inventory
The NEITid not find
proper surrogate
datato calculate
historical emissions
The possibilityo

find proper technical
data will be consider
during expert
missions in the
forthcoming IPA 11
project (205-2026)
within the activities
for improvement of
emission inventory
IIASAengaged irthe
frame of the

Eu 4 Green project i¢
making
improvement and
use of Tier 2
methodology for this
sector. Results will
be implemented in
the next submission.
Thenational
emission mventory
team hasfound
update adivity data
in MAKSTAT
database for the
period 2010-2022
and willmake
recalutaion d these
emissions in the
next submissiomand
will search ér
historicalactivity
data or use method
for time seria

Republic of North Macedonia INFORMATIVE INVENTORY REPORT



NFR Category

2.D.3d

2.D.3.e

Republic of North

Subject

The ERT notes that using a Tier 1 mett
is not best practice for a key category al
could result in an overand/or under

estimate of emissions and that accordir
to the Reporing Guidelines paragraph 2
Parties should make every effort to use
Tier 2 or higher (detailed) methodolog
including countryspecific information for
key categories. The ERT notes that tt
the relevant activity statistics include: th
number of painted buses/car&rucks to

calculate the emissions for vehicl
coatings; the mass of wire coated 1
calculate the emissions for wire coatin
the mass of leather coated to calcula:
the emissions for leather finishing; the us
of paint to calculate the emissis for all
other sources like paint applicatier
construction and  buildings, pain
applicationdomestic use (except SNA
060107), wood coating, coil coatin
vehicle refinishing, or other neimdustrial

paint application).

The ERT notes that NMVOC emissions
be calculated using solvents statistics
the sales of cleaning products and the T
2 method according to Guidebook 201
The ERT notes that according to tl
Guidebook the most common organ

solvents for vapour ehning are:
methylene chloride (MC)
tetrachloroethylene (PER]

trichloroethylene (TRI) and xylenes (X®
that normally require a closed cleanir
machine while for batch cold cleaners tf
primary solvents used are mineral spirit
Stoddard solvents (whitespirit) and
alcohols like propylene glycolERT
recommends the Party to move to the Tie
2 method for the next submission or &
soon as possible or meanwhile to incluc
this improvement into the improvemen
plan with clear stepand schedule and tc
report on progress of the work in the ne»
submissions

Source rating

CEIP/S3.RR/2020/Nori High
h Macedonia

CEIP/S3.RR/2020/Nori High
h Macedonia

Macedonia INFORMATIVE INVENTORY REPORT

Timeline/Comme
nts
consistencyor thr
nextsubmissio.
The National
emisson inventory
teamhasfound
activity data in the
national statistis n
of producedbuses
andapplication of
paint in
contructiom There
areno activiy data
availableon wood
coating, coil coating,
vehicle refinishing,
or other non
industrial paint
application.
National emission
inventory team will
makeemission
calculatiors with the
continueto search
availabledataand
improvecalculation
in this category in
2025 with the
supportof technical
expertsdfrom IPA Il
technical project
The National
emission inventory
team hasfound data
of the named
solvents for the
period 20122022 in
the MAKSTAT
database. Historical
data will be
searched in the hard
copystatistical
yearsboolor
suitablemethod for
time consistencywill
be use Galculation
of emissons from
availabledatawill be
reported in the next
submission.
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NFR Category
2D.3.iand 2G

2D.3.9

Page 295

Subject

Source

rating

The ERT noted that North Macedonia ¢ CEIP/S3.RR/2020/Nort High

not include emissions estimates in t
inventory from activities likeUse of
fireworks, Other product use (concret
additive, cooling lubricant, lubricant
pesticide and other industrial applicatio
of sohents in products) and Barbeque
which fall under the scope of NFR :
andGlass wool enduction, Mineral woc
enduction, Application of glues an
adhesives, Underseal treatment ar
conservation of vehicles, Vehicle
dewaxing and Other (preservation ¢
seeds,...), which fall in the scope of NI
2D3iThe ERT recommends Nor
Macedonia to include the missin
information on sources included as well .
a full documentation of the methods use
in catulation of emissions in the nex
submission of lIR.

During the review, the ERT looked
through the activities that are included it
the inventory under the category 2D3g
and noted that some oftte activities that
are covered in the Guidebook 2019
version are not included in the inventory
of North Macedonia, such as: Asphalt
blowing. Adhesive tape manufacturing.
Pharmaceutical products manufacturing
Textile finishing and Manufacture of
tires. Inthe 1IR on p. 213, there is
information about the plan to check the
availability of data on Textile finishing
and pharmaceuticaproducts
manufacturing and to report the related
emissions in the following submissions,
however, there is no information on wh
activities like Asphalt blowing. Adhesive
tape manufacturing and Manufacture of
tires are not included.

r h Macedonia

CEIP/S3.RR/2020/Nori High
h Macedonia

Timeline/Comme
nts
The national
inventory team has
searched data and
find out that data on
concreate additive
and pesticides exist,
however data on
Vehicles dewaxing
and Other
(preservation of
seeds,...), use of
fireworks arenot
available in the
National statistics.
Activities like Glass
wool enduction,
Mineral wool
enduction are not
occuring. Request
for data on the
slolvent use for
aircraft deicing ae
requiredfrom the
two existing airpors
but data are not
receivedyet. The
improvement of this
category will be
carried out in the
forthcoming
Technical IPA
project on
implementation on
air quality directves.
It is considered to
use Tier 2 method
during expert
missions in the
forthcoming IPA 11
project 025-2026)
within the activities
for improvement of
emission inventory
The national emissi
inventoryteam has
started to gather
data i the solvents
used for
pharmaceutical
products
manufacturing
However historical
databefore 2002
are missngand
need to be gatheed
or method for time
consistencwill be
used Adhesive tape
manufacturaings
not occurring
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NFR Category

2.A5a

General

Republic of North

Subject

Source

rating

According to IR p. 183 North Macedor CEIP/S3.RR/2016/Nori High

R2S8ay O KIF @S | LX |
category 2A5a. However, according

page 54 Table 8. 2A5a is a Key category
TSP in 2018. Since this is a key categ
The ERT notes that using a Tier 1 mett
is not bestpracticeand could result in ar
over and/or underestimate of emission:
The ERT is of the view that the use of a1
2 method could be possible for Nort
Macedonia if activity data can b
stratified according to the different
techniquesl1.A.5.aln the IIR it is stated
that this sector is not estimated due t
lack of activity data and that it seems n
to have a major impact on the nation
emissions and will be calculated ¢
categorized as IE when activity data

information are made available inhe

future submissions. The ERT recommer
that North Macedonia includes this isst
in their planned improvements ant
follows up on them.

The ERT would like to point out that a Ti
2 or 3 methodology should be applied i
all sourcesidentified as key categorie:
and thus would apply to all sources liste
in tables 2 to 7.

h

CEIP/S3.RR/2016/

Macedonia INFORMATIVE INVENTORY REPORT

High

Timeline/Comme
nts
Data on asphalt
blowing ae
included.
Manufacture of tires
is not occuring
Nodata were found
on the textile
finishing. It is
planned toimprove
this category in the
next submission.

No activity data are
avalibale currently
to use Tier 2
methodology.The
NEIS system for
environnental data
gathering is
currentlyunder
establishemenaind
it is expected to
recive more avalible
data through it.The
NEIS is in phase of
tesatingfor possible
bugs, until end of
2024. Data by
industrywill be
gatheredin this
systemofficially
from 20%5.

Currently Tier 2
methodologies are
implemented only
on limited NFR
sectors but few
more sectors in this
submission.
However for most of
the secbrs, T1
calculations are
possible due to data
constraints, but
further
methodological
improvements will
be investigated
through use of TAED
program and
international
technical project
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NFR Category

3.D.a2.aand
3.Da3

3B1la,3B1b

3Bla,3B1lb

3Dal

3.D.e

Page 297

Subject Source

NOx emissions from NFRs 3Da2a ¢ CEIP/S3.RR/2020/Nori High
3Da3 areNB L2 NIi SR | & & L hMacedonia

possible to calculate the emissions usi

emission factors and activity data, if th

Party choose to implement a Tier

method using the Nitrogefiow tool.

The ERT recommends North Macedol CEIP/S3.RR/2@MNort = High
to use a Tier 2 or higher method for th h Macedonia
calculaton of NH3 emissions from 3B

the 2025submission. Changing to a Tie

method can be facilitated using the- N

flow tool available
athttps://www.eea.europa.eu/publicatio
ns/emepeeaguidebook2019/partb-
sectoratguidancechapters/4
agriculture/manuremanageent-n-flow-

tool/view

The ERT recommends North Macedol CEIP/S3.RR/2@0MNort = High
to use a Tier 2 or higher method for th h Macedonia

calculation of NMVOC emissions fro

3Bla Dairyand 3B1b Nostairy cattle by

the 2025 submission.

The ERT encourages North Macedonia CEIP/S3.RR/2022/Norl High
use the latest version of the EMEP/EEA h Macedonia

Guidebook for the estimation of

emissions for

the whole timesems, and implement this

as soon apossibldt is also recommendec
that the Party should use a Tier 2 methc
from the latest version of the EMEP/EE
Guidebook, which  provides mor
accurate emission factors based on be
practices for estimating emissions far
sector which is a key category

The ERT recommends North Macedol CEIP/S3.RR/20226rt
to use a Tier 2 or higher method for th h Macedonia

rating

Medium

Timeline/Comme
nts
The National team is
planning to conduct
a TAEIX expert
mission for use of
higher Tier methods
in this sector in
2024. Improved
emissions will be
reported in 2025
submission.
The higher Tier
method was
implemented by
IIASA in the frame ol
EU 4 Green project
for some categories
in agriculture. The
National team is alsc
planning use of
TAEIX expert missio
for use of higheTier
methods in this
sector. Improved
emissions will be
reported in 2025
submission.
The higher Tier
method was
implemented by
IIASA in the frame ol
EU 4 Green project
for some categories
in agriculture.The
National team is
planning to conduct
a TAEIX expert
mission for ge of
higher Tier methods
in this sector in
2024 Improved
emissions will be
reported in 2025
submission.
The National team is
planningto conduct
aTAEIX expert
mission for use of
higher Tier methods
in this sectolin
2024 Improved
emissions will be
reported in 2025
submission.

The National team is
planning to conduct
a TAEIX expert
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NFR Category

Republic of North

Subject Source

calculation of NMVOC emissions fro
3De,

Cultivated crops and provided th
transparent description of  the
methodology in North Macedonia IIR k
the 2025 submission
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rating

Timeline/Comme
nts
mission for use of
higher Tier methods
in this sector in
2024. Improved
emissions will be
reported in 2025
submission.
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10. PROJECTIONS

Therequirementfor preparation of national emission projections comes from the:

- Obligation under the Gothenburg protocol (RepublicNafrth Macedoniais a party to the
protocol starting from 2014) projections data for 202025 and 2030 under the Gothenburg
Protocol are requirement under the Article 7 of the Gothenburg Protocol and as outlined in
the Guidelines for Reporting Emissions and Projections Data under the Convention
ECE/EB.AIR/125; Emission projectioesd to besentby 15 March 2017 and every twears
thereafter

- Need toprepareNational air pollution control programnder NEC directive 2016/2284/EU

- Transposition of the revised NEC directive 2016/2284/EU in the national legislation.

Current situation

Projections for the main pollutants SONO, NMVOC and NHhave been calculated within the

National Program for Progressive Reduction of Emission for the periodZ21¥45] which has been
preparedwithin the framework2 ¥ 2 SaGSNYy . Ff 1y LINR2SOG dawliGATAO
three lastprod O2f & dzy RSNJ / [w¢! t € d ¢KAA LINPINIY KlFa o06SSy

Within this program two scenarios have been developed: The kasitarig whichrelies on policies
and measuresplanned by the year selected as baseline yeartf®development of this scenarian
official document applicablelegislation,and year of fulfilment of individual emission reduction
measures have been used. Mairdyergy strategic documents weoensidered No serious analyses
were made on the strategic documents in tinelustrial wasteand agriculture sector.

A second scenario with measures has been develtysed orthe Strategy for Energy Development

in the Republic oNorth Macedonigby 2030 The Energy Balance of the RepublidNairth Macedonia

for the period 2012 to 2016the Environmental Assessment of Stratethye Strategy for Energy
Efficiency Promotion in the Republichdrth Macedonicby 202, the Baseline Study on Renewable
Enagy Sources in the Republic Nbrth Macedoniaand the National Strategy for Transport and
others. These Scenarios were compared with the model scenario developed by CEIP (Centre on
Emission Inventories and Projections). No scenario with additional measate has been
developed.

Total emission projections with measures have been reported in 2013. Howibees is a need of
recalculation of 8x, NMVOC and N¥¢mission projections.

In accordance with thaternationalagreement with Energy community abekcision D/2013/05/ME

EnC the Ministerial Council provided the possibility for Contracting Parties tothseption for
national emission reduction plan (NERP) as an alternative to setting the emission limit values of
Directive 2001/80/EC for each combustion plant individuadign 01.01.2018 until 31 December 2027

as wellasto define national emission ceilings for LCHss approach has been chosen by Republic of
North Macedoniaand NERP has been prepared within two TAEIX expert missions in the period
October 2014November 2015. The plan includes emission ceilings for eight plants (Three power
plants two heating plantsand one oil refinerywhich is currently out of work). The Government in
December in 2015 has officially adopted this draft plan. This plan contains @méssiings for the
period 20182027 for the following pollutant8lOx SOx and dust. The plan was senJanuary 2016

to be checked by Energmmunity expertsAfter the revisionthe comments were incorporated by
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the national working groupresponsible fomonitoring the implementation of the planThe revised

plan has been approved by tH@overnmentin April 2017 The MoEPP isctively monitoring the
implementation of the National Emissions Reduction Plan from large combustion plants in the energy
sector. According to this Plathe country is compliant with the national cieity for nitrogen oxides for

2022, but not for dust and sulfur oxidesurthermore, defined measures for reduction of projections

for the GHG pollutants for 2025, 2030 and 2(B&sic scenario, Scenaro with measures and additional
measuresket in the Natioal plan for energy and climate for North Macedonia will also be takien in
account when projections for NEC pollutants are preparéil [4

This plan will have impact on the current national emission projections @ 8IOx and dust in this
plan willalsobe consideredn the process of calculation of 2030 projections for 3@x and PM2.5.

Regarding the inventornyithin i KS ¢ gAYy Ay 3 LINRP2SOG G CdzNIKSNJ G NBy3
implementation of the acquis in the field of air quadity6 expet missions have been used for
preparation ofthe framework for future calculation of projections in the following sect@sergy

production energy used in householdstransport industry, waste, and agriculture. The
recommendations from all experts were summarizea @uidance document for preparation tife

projections.

One of the plannedactivities of the projecttechnicalLIN2 2 S Ol dzy RSNJ Lt ! W LINE 3
implementation of air qualityR A NB Q is Au@h@raidiprovement of the national air emission

inventory andpreparation of National emission projectisunder NEC directive 2016/2248/Hbe
projectwasevaluatedduring 2021and then canceled byhe EUdelegationin April 2022 The project
wasreanaunced andhe second phase of evaluati@xpected tobegin during April/May 2024. If the

project evaluation is finished succefully it is planned that the agreement with the chosen Contractor

to be signed at the end ofhe year, and the activities which include improvement of emission
inventory in different sector angdreparation of projections foR030will start in 205.

Moreover, in theworking package -10 in the frame ofRegionalEU4Green Project an activity is
planned for preparation of the reducticcommitments underthe amendedGothenburg protocohnd
Annex 2 od NEC directiv€he project iss in phase of implementatioi\ctivities for improvement of
emission inventonare finalized for WasteéAgriculture and Domestic heating for the base year 2005.
It is expected thateduction potentials commitmentsiill befinalized at the end of the year.

11. REPORTING OF GRIDDED EMEBSND LPS

Republic of North Macedonisasreported gridded and LPS data in 20t 2019 reporting year and
they are available on CDR Eionet web pagjevell gridded data for 2019 brgportedwith delay after
the deadline of 1 Mayln this IIRa short description on the methodology of calculation of these
emissionsare presented

Within the last Twining project in 2015 two expert missions on calculations of gridded emissions were
carried out. It was decided to prepare gridded emissions for the new EMBPRy NB a2f dziA2y 0.
long/lat). Withinthese missionseveral proxy tools were developed:

A DISTRIBUTE_MUNICIPAL_VALUES_via_PROXY_GRID.xlsm
A DISTRIBUTE_REGIONAL_VALUES_via_PROXY_GRID.xlsm
A DISTRIBUTE_TOTAL_VALUES_ via_PROXY_GRID.xIsm
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A LPS_to_GRID.xIsm
A Road_proxy_calculation.xism
A Farm_and_farmland_proxy_calculation.xlsm
Aproxy map to distribute road transport emissions was derived from a road network map for
al OSR2y Al TNRY da aecfote)thsitrdd hefwbi® &ag intersedtdd SiMthe EMEP grid
608 dzAaAy3d a! NODA&aé¢ov G2 3ISG GKS NRI R waktheNB LIS NJ
calculated within the GIS application.

¢KS FTAOGNROGdzIS GFotS 61 & SEoaRbdEltS proceRdBitN thedfurtheD D A & £
steps. With the road typevhich is an attribute of the road network magn additional weighting was
implemented (e.g. motorways were weighted double in comparison with other roads and residential
streets were weighteanly half). Then these fractions of proxy valuessed on the road length and

the type weightingwere aggregated to the 315 EMEP grid cells and multiplied with a population
density proxy grid which was derived from SEDAC/CIESIN. The result is a grashidriconsiders

the road network (including different road types) and the population density to distribute road
transport emissions.

In addition the population grid from SEDAC/CIESIN was adjusted regarding newer municipal
population data from Macedonia.

A proxy map to distribute emissions from the agricultural sector was derived from a land use map for

al OSR2y Al FNROK SING L2 Wizl AKE | NB [aaF | oNBYlE K YIRKES | (yBRLISIET |
GSNBE AYGSNERSOGSR 6AlK U KSetthadea shardfercelldThattriuiter y 3 & |
GFrotS ¢61a&a G(KSy SELRZNISR FNRY d4&! NODA&E | yR AYLER
aggregated to the 315 EMEP grid cells to get a distribution grid for agricultural emissions.

In addition a tool was pogrammed which was able to sum up the emissions from a list of large point
sources to the allocated EMEP grid cells.

These tools were used by national experts to calculate emissions per grids. Furtheemissions
from major installations for produaiin of heat electricity and industry for production of cemevere
taken into accountFerro metals andncineration of medical wastesawell asig swine and poultry
farms were allocated in the grids according their coordinates. Fugitive emissions wilsutis
using land cover and petrol and mines network.

Additionally, data for small emission were distributed using the population proxy calculations exclude
households connected to district heating and for emissions coming from administrative capacities
emissions from National cadaster were used.

Population data were used to distribute emissions coming from use of solvents and municipal waste.
Emissions from aviation and national navigation are minor and were distributed according the location
of airportsand boat ports.For this year reporting calculation of emissions per grid from 2.K were
added.

With regards to LP&porting in 2019, emissions from @ LPS were reportedFrom them,six are
coming from the category 1.A.la for electricity and heat produxtone in category 2.A,1wo in
2.C.1and onein 2.C.2. Data on CQOx SOx emissions were calculated mainly by the installations
taken into accountmonthly emissions measurements while emissions from other pollutants are
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calculated by using EF from the Guidebooks. Implied emission factors were used for calculations of
TSP emissions from the installation for production of ferroalloys and for one paevet: IEF for NOXx

and SOx emissions were used for calculations of emissions from one power plant. Three of LPS are
currently not in operation. For installations for production of cemesteel and ferronickel Tier 2
methodology for calculation was useor other installations Tier 1 methodology was used for the
other pollutants.

The same methodologlyas beenused for calculation of emissions comifay gridded emissions in
2021.No gridded data or L$data were reported irR024. With regards td_PS repuing, currently
MEPP igesting National environmental information system and th gathering of LPS data as well as
the reporting towards EEA will be included in this system. We expect that the quality of reported data
to be improved once system is estahksl.

12. ADJUSMENTS

Executive Body decisions 2012/3 and 2012/12 concern adjustments to emission reduction
commitments or to inventories under the 2012 amended Gothenburg Protocol. The decisions include
the detailed lists of supporting information which must pevided in an IIR or in a separate report.
Until now, Republic of North Macedonia did not agpbr adjustment procedure.

IIRAPPENDEXIS
Appendix 1: Key category analysis

Appendix 2: Summary of whether source sectors use PM emission factorisi¢hate/exclude the
condensable component

Appendix 3: Further elaboration of completeness, uses of NE & IE and (potential) sources of air
pollutant emissions excluded

Appendix 4: National energy balance &ir122

Appendix5: National totals and NFR sector emissifors2022
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In the process of key categories identification each pollutant was analyzed separately. The results of the level anddassnteasfor each pollutant are
presented in the followingables.

Table215Key source categories for emissions of NOGg
Level Assessmerz022

NFR Code NFR sector 2022 % %cum
1Ala Public electricity and heat production 6.38 28.1% 28.1%

1A3biii R.T., Heavy duty vehicles 6.31 27.8% 55.9%

1A2gviii Other Stationary Combustion in Manufacturing Industries and Construction 2.78 12.2% 68.2%

1A3bi R.T., Passenger cars 1.84 8.1% 76.3%

1A2gvii Mobile Combustion in Manufacturingdustries and Construction 0.89 3.9% 80.2%

Trend Assessment 1992022

NFR Code NFR sector 1990 202 TA % %cum
1Ala Public electricity and heat production 2377 0.48 0.482 34.1% 34.1%
1A3Dbiii R.T., Heavy duty vehicles 3.00 0.43 0.427 30.2% 64.3%
1A2gviii Other Stationary Combustion in Manufacturing Industries and Construction 2.00 0.16 0.158 11.2% 75.5%
1A2gvii Mobile Combustion in Manufacturing Industries and Construction 3.70 0.08 0.084 5.9% 81.5%

Table216Key source categories for emissions of NMVOC in Gg
Level Assessmer022

NFR Code NFR sector 202 % %cum
1A4bi Residential: stationary 4.74 18.2% 18.2%
1B2av Distribution of oil products 4.60 17.6% 35.8%
2D3a Domestic solvent use including fungicides 3.36 12.9% 48.6%
2D3d Coating applications 2.58 9.9% 58.5%
2D3e Degreasing 1.56 6.0% 64.5%
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3Bla
3De
1Bla
1A3bv

Dairy cattle
Cultivated crops
Coal Mining and Handling

R.T., Gasoline evaporation

Trend Assessment 1990022

NFR Code

1A3Dbi

1B2av

2D3a
2D3e
2D3d
1A3biv
3De
3Bla

NFR sector

R.T., Passenger cars

Distribution of oil products

Domestic solvent use including fungicides
Degreasing

Coating applications

R.T., Mopeds & Motorcycles
Cultivatedcrops

Dairy cattle

Table217Key source categories for emissions of - 30OGg
Level Assessmer022

NFR Code
1Ala

NFR sector

Public electricity and heatroduction

Trend Assessment 1999022

NFR Code
1Ala
1A2b
1A2a
1A2gvii

Republic of North

NFR sector

Public electricity and heat production
Nonferrous Metals

Iron and Steel

Mobile Combustion in Manufacturing Industries and Construction
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1990

11.83

2.66

2.43
1.72
3.78
1.00
1.14
1.64

1990
10215
210
1.40
0.91

2022

0.42

0.22

0.15
0.04
0.04
0.04
0.03
0.03

2022
0.07
0.02
0.01
0.01

1.35
1.08
1.02
0.64

TA

0.421

0.224

0.146
0.044
0.038
0.036
0.033
0.033

2022
87.73

TA

0.072
0.023
0.012
0.010

52%
4.1%
3.9%
2.4%

%

35.0%

18.7%

12.1%
3.7%
3.2%
3.0%
2.8%
2.7%

%
96.9%

%
52.4%
16.9%
8.7%
7.3%

69.6%
73.8%
77.7%
80.1%

%cum

35.0%

53.7%

65.8%
69.5%
72.7%
75.7%
78.5%
81.2%

%cum

96.9%

%cum
52.4%
69.4%
78.1%
85.4%
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Table218Key source categories for emissions of NtHGg
Level Assessmerz022

NFR Code
3Bla
3Da2a
3Da3
1A4bi

3B3

3Dal

NFR sector

Dairy cattle

Animal manure

Urine and dung deposited by grazing animals
Residential: stationary

Swine

Inorganic Nrertilizers

Trend Assessment 1992022

NFR Code
1A4bi
3Da3
3B4gi
3Bla
3Da2a
3B3

3B2

Table219Key source categories for emissions of CO in Gg

NFR sector

Residential: stationary

Urine and dung deposited by grazing animals
Laying Hens

Dairy cattle

Animal manure

Swine

Sheep

Level Assessmerii022

NFR Code
1A4bi
1A3bi

5A

1A2a

NFR sector

Residential: stationary

R.T., Passenger cars

Solid waste disposal on land

Iron and Steel

Trend Assessment 1992022

NFR Code
1A3bi
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NFR sector

R.T., Passenger cars

0.13
3.32
176
197
3.20
0.87
0.92

1990 2022

0.21
0.14
0.12
0.11
0.10
0.08
0.25

1990

46.34 0.73

202
161
1.33
122
1.06
0.86
0.76

TA
0.212
0.139
0.119
0.109
0.100
0.080
0.055

2022
31.65
3.70
2.84
2.25

TA
0.731

%
19.4%
16.1%
14.6%
12.8%
10.4%
9.2%

%
22.0%
14.4%
12.3%
11.2%
10.3%
8.3%
5.7%

%
63.4%
7.4%
5.7%
4.5%

%
43.4%

%cum
19.4%
35.5%
50.1%
62.9%
73.4%
82.6%

%cum
22.0%
36.4%
48.7%
59.9%
70.3%
78.6%
84.3%

%cum
63.4%
70.9%
76.5%
81.1%

%cum

43.4%

Republic of North Macedonia INFORMATIVE INVENTORY REPORT



Level Assessmeri022

NFR Code
1A4bi

5A

1A2a

NFR sector
Residential: stationary
Solid waste disposal on land

Iron and Steel

Table220Key source categories for emissions of TSP in Gg
Level Assessmert022

NFR Code
1A4bi
1Ala

3Dc

2A5a
2A5b

NFR sector

Residential: stationary

Public electricity and heat production

Onfarm storage, handling anansport of agricultural products
Quarrying and mining of minerals other than coal

Construction and demolition

Trend Assessment 1992022

NFR Code
1A4bi
1Ala

3Dc

2A5b
2A5a

NFR sector

Residential: stationary

Public electricity and heat production

Onfarm storage, handling and transport of agricultural products
Construction andiemolition

Quarrying and mining of minerals other than coal

Table221Key source categories for emissions of PM2.5 in Gg
Level Assessmer022

NFR Code

1A4bi
1Ala

NFR sector
Residential: stationary

Public electricity and heat production

Trend Assessment 1992022

NFRCode

Republic of North

NFR sector

Macedonia INFORMATIVE INVENTORY REPORT

64.1
122

4

1.50

1990
2452
12.73
124
2.06
12.78

1990

0.41
0.13
0.09

2022
1.36
0.49
0.27
0.26
0.10

2022

2022
0.407
0.127
0.090

2022
6.32
4.28
1.96
1.76
0.70

TA
1.360
0.489
0.265
0.257
0.099

2022
5.85
1.17

TA

%
24.2%
7.6%
5.4%

%
35.3%
23.9%
10.9%

9.8%
3.9%

%
45.1%
16.2%

8.8%
8.5%
3.3%

%
69.6%
13.9%

%

%cum
67.6%
75.2%
80.5%

%cum
35.3%
59.1%
70.1%
79.9%
83.8%

%cum
451%
61.4%
70.2%
78.7%
82.0%

%cum
69.6%
83.5%

%cum
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2C2 Ferroalloys Production

1A4bi Residential: stationary

Table222Key source categories for emissions of PM10 in Gg
Level Assessmerz022

NFR Code NFR sector

1A4bi Residential: stationary

1Ala Public electricity and heat production

3Dc Onfarm storage. handling anansport of agricultural products
Trend Assessment 1992022

NFR Code NFR sector

2C2 Ferroalloys Production

1A4bi Residential: stationary

3Dc Onfarm storagehandling,and transport of agricultural products
1Ala Public electricity and heat production

Table223Key source categories for emissions of BC in Gg
Level Assessmer022

NFR Code NFR sector

1A4bi Residential: stationary

1A3biii R.T., Heavy duty vehicles

1A3bi R.T., Passenger cars

1A2gviii Other Stationary Combustion in Manufacturing Industries and Construction
1A2gvii Mobile Combustion in Manufacturing Industries and Construction

Trend Assessment 1999022

NFR Code NFR sector
2C2 Ferroalloys Production
1A4bi Residential: stationary

Table224Key source categories for emissions of Pb in Mg

Page 311

1471 174 1.740 47.4% 47.4%
11.78 1.30 1.299 35.4% 82.8%
2022 % %cum
6.01 44.4% 44.4%
2.89 21.4% 65.7%
1.96 14.5% 80.2%

1990 2022 TA % %cum
20.84 153 1531 47.1% 47.1%
12.09 0.68 0.681 21.0% 68.1%
2.06 0.36 0.362 11.1% 79.2%
8.63 0.12 0.120 3.7% 82.9%

2022 % %cum
0.59 60.2% 60.2%
0.06 6.7% 66.8%
0.06 6.3% 732%
0.05 4.7% 77.9%
0.03 3.3% 81.2%

1990 2022 TA % %cum

1.47 151 1.505 58.3% 58.3%

118 0.67 0.666 25.8% 84.1%
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Level Assessmeri022

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

1A3bvi R.T., Automobile tyre and break wear

Trend Assessment 1992022

NFR Code NFR sector

2C5 Lead Production

1A3bi R.T., Passenger cars

1Ala Publicelectricity and heat production

1A4bii Residential: Household and gardening (mobile)
2C1 Iron and Steel Production

Table225Key source categories for emissions of Cd in Mg
Level Assessmeri022

NFR Code NFR sector

1A4bi Residential: stationary

1Ala Public electricity and heat production
2C1 Iron and Steel Production

Trend Assessment 1992022

NFR Code NFR sector

1A4bi Residential: stationary

2C5 Lead Production

1Ala Public electricity and heat production
2C1 Iron and Steel Production

Republic of North Macedonia INFORMATIVE INVENTORY REPORT

1990
13106
89.09
0.89
0.63
4.07

1990
0.21
0.35
011
0.02

2022
0.01
0.00
0.36
0.42
0.48

2022
2.33
1.54
143
0.88

2022
0.46
0.38
0.38
0.30
0.29

TA
58.49
40.16
2158
17533
16.141

2022
0.10
0.06
0.03

TA
2.330
1.536
1.430
0.881

%
21.0%
17.1%
17.0%
13.6%
13.3%

%
31.8%
21.8%
11.7%

9.5%
8.8%

%
45.5%
26.8%
13.5%

%
34.0%
22.4%
20.9%
12.9%

%cum
21.0%
38.1%
55.1%
68.7%
82.0%

%cum
31.8%
53.6%
65.3%
74.8%
83.6%

%cum
45.5%
72.4%
85.9%

%cum
34.0%
56.4%
77.3%
90.2%
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Table226Key source categories for emissions of Hg in Mg
Level Assessment 22

NFR Code NFR sector

1Ala Public electricity and headroduction

1A2gviii Other Stationary Combustion in Manufacturing Industries and Construction
2C1 Iron and Steel Production

2K Consumption of POPs and heavy metals

TrendAssessment 1992022

NFR Code NFR sector

1Ala Public electricity and heat production

1A2gviii Other Stationary Combustion in Manufacturing Industries and Construction
1A2a Iron and Steel

2K Consumption of POPs and heavy metals

Table227Key source categories for emissions of As in Mg
Level Assessmeri022

NFR Code NFR sector

1Ala Public electricity and heat production

1A2gviii Other Stationary Combustion in Manufacturing Industries and Construction
1A2a Iron and Steel

5C2 Open burning of waste

2C5 LeadProduction

Trend Assessment 1992022

NFR Code NFR sector

1Ala Public electricity and heat production

2C5 Lead Production

Table228Key source categories for emissions of Cr in Mg
Level Assessment 202

NFR Code NFR sector

Page 313

2022 % %cum

0.09 455% 45.5%

0.03 17.8% 63.3%

0.02 10.1% 73.4%

0.02 9.6% 83.0%

1990 2022 TA % %cum
0.17 0.70 0.703 35.8% 35.8%
0.03 0.49 0.492 25.0% 60.8%
0.01 0.27 0.273 13.9% 74.7%
0.02 0.23 0.234 11.9% 86.6%
2022 % %cum

0.34 70.2% 70.2%

0.03 5.3% 75.4%

0.02 3.2% 78.7%

0.01 1.1% 79.8%

0.00 0.6% 80.4%

1990 2022 TA % %cum
0.84 0.34 2.723 46.8% 46.8%
1.03 0.00 2.087 35.8% 82.6%
2022 % %cum
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1Ala Public electricity and heat production

1A4bi Residential: stationary

1A3bvi R.T., Automobile tyre and break wear
1A2a Iron and Steel

Trend Assessment 1992022

NFR Code NFRsector

2C1 Iron and Steel Production

1Ala Public electricity and heagiroduction
1A4bi Residential: stationary

Table229Key source categories for emissions of Cu in Mg
Level Assessmer022

NFR Code NFR sector
1A3bvi R.T., Automobile tyre and break wear
Trend Assessment 1999022
NFR Code NFR sector
1A3bi R.T., Passenger cars
1A2gvii Mobile Combustion in Manufacturing Industries aBdnstruction
2G Other product manufacture and use
1A3biii R.T., Heavy duty vehicles
1A4bi Residential: stationary
1A3bii R.T., Lighduty vehicles
2C1 Iron and Steel Production

Table230Key source categories for emissions of Ni in Mg
Level Assessmerz022

NFR Code NFR sector

1Ala Publicelectricity and heat production
Trend Assessment 1992022

NFR Code NFR sector
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1990
3.98
0.54
0.37

1990
0.30
0.19
0.14
0.12
0.10
0.06
0.30

1990

2022
0.03
0.22
0.19

2022
0.11
0.06
0.05
0.04
0.03
0.02
0.11

2022

0.22
0.19
0.10
0.06

TA
5.489
2.195
1.398

2022
2.40

TA
0.108
0.063
0.051
0.044
0.028
0.022
0.108

2022
212

TA

31.5%

27.2%
13.8%
8.8%

%
55.2%
22.1%
14.1%

%
88.0%

%
27.5%
16.0%
13.0%
111%

7.2%
5.7%
27.5%

%
90.0%

%

315%
58.7%
72.4%
81.2%

%cum
55.2%
77.3%
91.3%

%cum

88.0%

%cum
27.5%
43.4%
56.5%
67.6%
74.8%
80.5%
27.5%

%cum

90.0%

%cum
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Level Assessmert022
1Ala Public electricity and heat production

Table231Key source categories for emissions of Se in Mg

Level Assessmerit022

NFR Code NFR sector

1Ala Public electricity and heat production
1A4bi Residential: stationary

Trend Assessment 1999022

NFR Code NFR sector

1A4bi Residential: stationary

1Ala Public electricity and heat production

Table232Key source categories for emissions& in Mg

Level Assessmerk022

NFR Code NFR sector

1A4bi Residential: stationary

1Ala Public electricity and heat production
1A3bvi R.T., Automobile tyrand break wear
1A2a Iron and Steel

2C1 Iron and Steel Production

Trend Assessment 1999022

NFR Code NFR sector

1A4bi Residential: stationary

2C1 Iron and Steel Production

1Ala Public electricity and heat production
1A2a Iron and Steel

1A2gviii Other Stationary Combustion in Manufacturing Industries @odstruction
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121

1990
0.03
2.63

1990
8.14
354
0.73
0.37
0.34

0.64

2022
0.49
0.47

2022
0.37
0.24
0.21
0.15
0.11

0.637

2022
131
1.00

TA
0.487
0471

2022
4.05
0.89
0.84
0.59
0.58

TA
0.365
0.244
0.212
0.154
0.112

83.4%

%
56.0%
42.9%

%
50.4%
48.8%

%
50.7%
11.1%
10.6%

7.3%
7.3%

%
27.9%
18.7%
16.2%
11.8%

8.6%

83.4%

%cum
56.0%
98.9%

%cum
50.4%
99.2%

%cum
50.7%
61.8%
72.4%
79.8%
87.1%

%cum
27.9%
46.6%
62.8%
74.5%
83.1%
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Table233Key source categories for emissions@IOX in g-TEQ
Level Assessmert022

NFR Code NFR sector
1A4bi Residential: stationary
2C1 Iron andSteel Production
Trend Assessment 1999022
NFR Code NFR sector
1A4bi Residential: stationary
2C1 Iron and Steel Production
1A2a Iron and Steel
1A2b Nonferrous Metals

Table234Key source categories for emissions of PAHs in Mg
Level Assessmert022

NFR Code NFR sector

1A4bi Residential: stationary

1A2a Iron and Steel

Trend Assessment 1992021

NFR Code NFR sector

1A4bi Residential: stationary

1A2a Iron and Steel

1A2gviii Other StationaryCombustion in Manufacturing Industries and Construction
1A2b Non-ferrous Metals

Table235Key source categories for emissions of HERg
Level Assessment 202

NFR Code NFR sector
5C1biii Clinical waste
1A4bi Residential: stationary
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1990
12.80
2.66
0.29
0.47

1990
561
0.27
0.12
0.35

2022
0.23
0.10
0.10
0.00

2022
2.83
0.60
0.30
0.00

2022
6.33
0.76

TA
0.229
0.104
0.096
0.055

2022
273
0.34

TA
0.252
0.225
0.149
0.082

2022
011
0.04

%
74.4%
8.9%

%
41.0%
18.6%
17.1%

9.8%

%
75.6%
9.4%

%
31.2%
27.8%
185%
10.1%

%
69.9%
26.2%

%cum
74.4%
83.4%

%cum
41.0%
59.5%
76.7%
86.5%

%cum
75.6%
85.1%

%cum
31.2%
59.1%
77.6%
87.7%

%cum
69.9%
96.0%
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Level Assessment 202
Trend Assessment 1999022

NFR Code
1A4bi

NFR sector

Residential: stationary

Table236Key source categories for emissions of HGRg
Level Assessmerz022

NFR Code
2K

NFR sector

Consumption of POPs and heavy metals

Trend Assessment 1999022

NFR Code
2K
2C5

l tt 9ObHYL -{ URKNBY &2 dzNDS
O2YLRYSyi

NFR

Page 317

NFR sector

Consumption of POPs and heavy metals

Lead Production

Source / sector
name

)
(0p))

PM emissions: the
condensable

component is

included

excluded

o)

= A

St 260

EF reference and comments

1990
0.08

1990
20280
12426

2022
76.27

2022
207.71
28,50

dza S

t

TA
76.265

2022
207.71

TA
0.53
0.31

a SYA&&AR2Y TFIO

%
87.2%

%
87.0%

%
62.3%
36.9%

%cum

87.2%

%cum

85,7%

%cum
62.3%
99.2%
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1A1b

1Alc

1A2a

1A2b

1A2c

Republic of North

Public electricity and no

heat production

Petroleum refining

Manufacture of solid

fuels and other
energy industries

Stationary
combustion in
manufacturing
industries and
construction: Iron
and steel
Stationary
combustion in
manufacturing
industries and
construction: Non
ferrous metals
Stationary
combustion in
manufacturing
industries and

unclear

unclear

unclear

unclear

yes

yes

unclear

unclear

unclear

unclear

The emission factors used for TSP, PM10 anc
PM2.5, that are calculating from direct emissic
for large point sources (LPS) and yearly taken
from the EPR database, exclude thadensable
component. Method used for PM10 emission
measurement is gravimetric method and samy
for it, need to be dry. Gravimetric method is in
North Macedonian law, reference method for
determination of mass concentration of floatin
particles, descbed with HRN EN 12341
standard for PM10 fraction. For non LCP
sources, the emission factors used for TSP,
PM10 and PM2.5 are default ones from GB20
and these PM factors represent filterable PM
emissions and are based on an defined ash
content.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the:
PM factors represent filterable PM emissions
only (excluding any condensable fraction)
The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
basis of these emission factors could not be
determined in the reference.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the:
emission factors have been reviewed and it is
unclear whether they represent filterable PM ¢
total PM (filterable and condensable) emissior

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the:
emissionfactors have been reviewed and it is

unclear whether they represent filterable PM ¢
total PM (filterable and condensable) emissior

The emissioractors used for TSP, PM10 and

PM2.5 are default ones from GB2019 and the:
emission factors have been reviewed and it is
unclear whether they represent filterable PM ¢
total PM (filterable and condensable) emissior

Macedonia INFORMATIVE INVENTORY REPORT
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1A2d

1A2e

1A2f

1A2gvii

1A2gvii
i

1A3ai(i

-

Page 319

construction:
Chemicals

Stationary
combustion in
manufaturing
industries and
construction: Pulp,
Paper and Print
Stationary
combustion in
manufacturing
industries and
construction: Food
processing,
beverages and
tobacco
Stationary
combustion in
manufacturing
industries and
constructionNon-
metallic minerals
Mobile Combustion
in manufacturing
industries and

construction: (please

specify in the IIR)
Stationary
combustion in
manufacturing
industries and
construction: Other

(please specify in the

IR)

unclear

unclear

unclear

yes

unclear

International aviation unclear

LTO (civil)

unclear

unclear

unclear

no

unclear

unclear

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the:
emission factors have been reviewed and it is
unclear whether they represent filterable PM ¢
total PM (filterable and condensable) emissior

The emission factors used for TSP, PM10 anc
PM2.5 are default ones fro@B2019 and these
emission factors have been reviewed and it is
unclear whether they represent filterable PM ¢
total PM (filterable and condensable) emissior

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the:
emission factors have been reviewed and it is
unclear whether they represent filterable PM ¢
total PM (filterable and condensaplemissions.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
emission factors represent total PM emission
(filterable and condensable fractions).

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 dhdse

emission factors have been reviewed and it is
unclear whether they represent filterable PM ¢
total PM (filterable and condensable) emissior

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2013 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.
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(A¢ENE Domestic aviation

) LTO (civil)

1A3Dbi Road transport:
Passenger cars

(2%lsllf Y Road transport: Light
duty vehicles

iA¢lelllt Road transport:
Heavy duty vehicles
andbuses

il2elolA Road transport:
Mopeds &
motorcycles

Road transport:

Gasoline evaporatior

1b2%}e)/l Road transport:
Automobile tyre and
brake wear

1A%}/l Road transport:

i Automobile road
abrasion

Railways

(2elell( International inland
) waterways

unclear

yes

yes

yes

yes

NA

unclear

unclear

unclear

unclear

unclear

no

no

no

no

NA

unclear

unclear

unclear

unclear

The emission factors used for TSP, PM10 anc
PM2.5 aredefault ones from GB2013 and ther
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from COPERTthat is
Tier 3 approach accordin to GB2019. Accordir
to GB2019, PM mass emission factors are
considered to include both filterable and
condensable material. The mass of particles
coll ected on a filter
diluted exhaust sampling. Ehcorresponds to
total (filterable and condensable) PM2.5. Coat
exhaust PM (i.e. >2.°t
to be negligible, hence PM=PM2.5.

This activity does not result with TSP, PM10
and PM2.5 emissions.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

The emission factors ad for TSP, PM10 and
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

The emission factors used fo8P, PM10 and
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.
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1A3dii

1A3ei

1A3eii

1A4ai

1A4aii

1A4bi

1A4bii

1A4ci

1A4cii

1AA4ciii

1A5a

1A5Db

National navigation
(shipping)

Pipeline transport

Other (please specify
in the 1IR)
Commercial/instituti
onal: Stationary

Commercial/instituti
onal: Mobile
Residential:
Stationary

Residential:
Household and
gardening (mobile)

Agriculture/Forestry/
Fishing: Stationary

Agriculture/Forestry/
Fishing: Offroad
vehicles and other
machinery
Agriculture/Forestry/
Fishing: National
fishing

Other stationary
(including military)
Other, Mobile
(including military,

unclear

NA

NA

unclear

IE

unclear

yes

unclear

yes

IE

IE

IE

unclear

NA

NA

unclear

IE

unclear

no

unclear

no

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and thei
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

This activity does not result with TSP, PM10
and PM2.5 emissions.

This activity does not result with TSP, PM10
and PM2.5 emissions.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 dhdse
emission factors have been reviewed and it is
unclear whether they represent filterable PM ¢
total PM (filterable and condensable) emissior
IE: 1A4aii

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
emission factors have been reviewed and it is
unclear whether they represent filterable PM ¢
total PM (filterable and condeaisle) emissions.
The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the:
emission factors represent total PM emissions
(filterable and condensabieactions).

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the:
emission factors have been reviewed and it is
unclear whether they represdifterable PM or
total PM (filterable and condensable) emissior
The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the:
emissionfactors represent total PM emissions
(filterable and condensable fractions).

IE: 1A3dii

IE: 1A4a

IE: 1A4a, 1A3b(}iv)
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land based and
recreational boats)
1Bla Fugitive emission
from solid fuels:
Coal mining and
handling

1B1b Fugitive emission
from solid fuels:
Solid fuel
transformation

1Bl1c Other fugitive
emissions from solid
fuels

1B2ai Fugitive emissions
oil: Exploration,
production, transport

(L= Fugitive emissions
oil: Refining /
storage

(l=2=0 1 Distribution of ol
products

1B2b Fugitive emissions
from natural gas
(exploration,
production,
processing,
transmission, storage
distribution and
other)

1B2c Venting and flaring
(oil, gas, combined
oil and gas)

unclear

unclear

NO

unclear

unclear

NA

unclear

unclear

unclear

NO

unclear

unclear

NA

NA

unclear

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is noinformation on inclusion or exclusion of
the condensable component in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones fro®B2019 and there
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

This activity does not exist in North Macedoni:

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

This activity does not result with TSP, PM10
and PM2.5 emissions.

This activity does natesult with TSP, PM10
and PM2.5 emissions.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion @xclusion of
the condensable component in PM emission
factors.
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1B2d Other fugitive
emissions from
energy production

2A1 Cement production
2A2 Lime production

2A3 Glass production

Quarrying and
mining of minerals
other than coal

Construction and
demolition

Storage, handling
and transport of
mineral products
Other mineral
products (please
specify in the lIR)

Ammonia production

Nitric acid
production
2B3 Adipic acid
production

Carbide production

2B6 Titanium dioxide
production

NO

unclear

unclear

NO

unclear

unclear

NO

NO

NO

NO

NO
NO

NO

unclear

unclear

NO

unclear

unclear

NO

NO

NO

NO

NO
NO

This activity does not exist in North Macedonii

The emission factors used for TSP, PMit@l
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ondsom GB2019 and there
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

This activity does not exist in North Macedoni:

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

Theemission factors used for TSP, PM10 and
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

IE: 2A1, 2A2, 2A3, 2A5a, 2A5b

This activity does not exist in North Macedoni:
This activity does not exist in North Macedoni:
This activity does not exist in North Macedonii

This activity does not exist in North Macedoni:

This activity does not exist in North Macedonii
This activity does not exist in North Macedonii
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2B7 Soda ash production NO NO
2=l Chemical industry:  NE NE

Other (please
specify in the IIR)

Z=ul8ls) | Storage, handling IE IE

and transport of
chemical products
(please specify in the

IIR)

2C1 Iron and steel no yes
production

2C2 Ferroalloys no yes
production

2C3 Aluminium no yes
production

2C4 Magnesium NO NO
production

2C5 Lead production NO NO

2C6 Zinc production NO NO

2C7a Copper production  NO NO

2C7b Nickel production NO NO

2C7c Other metal NO NO

production (please
specify in the IIR)

2C7d Storage, handling NO NO

IIR)

and transport of
metal products
(please specify in the

2D3a Domestic solvent use NA NA

Republic of North

including fungicides

This activity does not exist in North Macedonii
There is no emission factor for TSP, PM10 an
PM2.5 inthe GB2019.

IE: 2B10a

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the:
PM factors represent filterable PM emissions
only (excluding any condensable fraction
(European Commission, 2001)).

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the:
PM factorsrepresent filterable PM emissions
only (excluding any condensable fraction).
The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the:
PM factors represent filterable PM emissions
only (excluding any condensable fraction).
This activity does not exist in North Macedonii

This activity does not exist in North Macedoni:
This activity does not exist iNorth Macedonia.
This activity does not exist in North Macedoni:
This activity does not exist in North Macedonii
This activity does not exist in North Macedonie

This activity does not exist in North Macedonii

This activity does not result with TSP, PM10
and PM2.5 emissions.
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Road paving with yes no The emission factors used for TSP, PM10 anc

asphalt PM2.5 are default ones from GB2019 and the
PM factors represent filterable PM emissions
with Nnote that US EPA (2004) includes
condensable PM emission factors and factors
controlled plant.

2D3c Asphalt roofing unclear  unclear The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the

is no information on inclusion or exclusion of
the condensable component in PM emission

factors.
Coating applications NA NA This activity does not result with TSP, PM10
and PM2.5 emissions.
Degreasing NE NE There is no emission factor for PM2.5 in the
GB2019.
Dry cleaning NE NE There is no emission factor for PM2.5 in the
GB2019.
Chemical products  NA NA This activity does not result with TSP, PM10
and PM2.5 emissions.
Printing NE NE There is no emission factor for PM2.5 in the
GB2019.
2D3i Other solvent use unclear  unclear Theemission factors used for TSP, PM10 and
(please specify in the PM2.5 are default ones from GB2019 and the
IIR) is no information on inclusion or exclusion of
the condensable component in PM emission
factors.
2G Other product use  unclear  unclear Theemission factors used for TSP, PM10 and
(please specify in the PM2.5 are default ones from GB2019 and the
IIR) is no information on inclusion or exclusion of
the condensable component in PM emission
factors.
2H1 Pulp and paper NO NO This activity does not exist in North&dedonia.
industry
Food and beverages NE NE There is no emission factor for TSP, PM10 an
industry PM2.5 in the GB2019.
2H3 Other industrial NO NO This activity does not exist in North Macedoni:
processes (please
specify in the IIR)
I

2 Wood processing There is no emission factor for PM10 and PM:
in the GB2019.
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Production of POPs NO NO
2K Consumption of NA NA
POPs and heavy

metals

(e.g. electrical and

scientifi

2L
3B2
3B3

Other p
consumption,
storage
transpo
handling of bulk
products (please
specify in the IIR)
3Bla Manure managemen unclear  unclear
- Dairy cattle
3B1b Manure managemen unclear  unclear
- Non-dairy cattle

Manure mangement unclear  unclear
- Sheep

C equipment)
roduction, NO NO

rtation or

Manure managemen unclear  unclear
- Swine

3B4a Manure managemen NO NO
- Buffalo

3B4d Manure managemen unclear  unclear
- Goats

Macedonia INFORMATIVE INVENTORY REPORT
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This activity does not exist in North Macedonii
This activity does not result with TSP, PM10
and PM2.5 emissions.

This activity does not exist in North Macedonii

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

This activity does not exist in North Macedonii

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
thecondensable component in PM emission
factors.
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3B4e

3B4f

3B4gi

3B4gii

3BA4gjii

3B4giv

3B4h

3Dal

3Da2a

3Da2b

Manure managemen
- Horses

Manure managemen
- Mules and asses

Manure mangement
Laying hens

Manure mangement
Broilers

Manure mangement
Turkeys

Manure managemen
- Other poultry

Manure managemen
- Other animals
(please specify in
IIR)

Inorganic N
fertilizers (includes

also urea application

Animal manure
applied to soils
Sewage sludge
applied to soils

unclear

unclear

unclear

unclear

unclear

unclear

NA

NA

unclear

unclear

unclear

unclear

unclear

unclear

NO

NA

NA

NA

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
thecondensable component in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensableomponent in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensableomponent in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PMission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

This activity does not exist in North Macedonii

This activity does not result with TSP, PM10
and PM2.5emissions.

This activity does not result with TSP, PM10
and PM2.5 emissions.
This activity does not result with TSP, PM10
and PM2.5 emissions.
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<{p2e | Other organic NA NA
fertilisers applied to
soils
(including compost)

3Da3 Urine and dung NA NA
deposited by grazing
animals

Crop residues NA NA

applied to soils

3Db Indirect emissions NA NA
from managed soils

3Dc Farmlevel yes no
agricultural

operations including
storage, handling ant
transport of

agricultural products

3Dd Off-farm storage, NE NE
handling and
transport of bulk
agricultural products

3De Cultivated crops NA NA

3Df Use of pesticides NA NA

IR)

o
>

w w
w M

Republic of North

Field burning of unclear  unclear
agricultural residues

Agriculture other NO NO
(please specify in the

Biological treatment unclear  unclear
of waste- solid waste
disposal on land

This activity does not result with TSP, PM10
and PM2.5 emissions.

This activity does not result with TSP, PM10
and PM2.5emissions.

This activity does not result with TSP, PM10
and PM2.5 emissions.

This activity does not result with TSP, PM10
and PM2.5 emissions.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information that the processes which res
in particulate emissions are largely lew
temperature mechanical activities, and emissi
are unlikely to include substantial quantities of
condensable particulate material.

There is no emission factor for PM10 and PM:
in the GB2019.

This activity does not result with TSP, PM10
and PM2.5 emissions.

This activity does not result with TSP, PM10
and PM2.5emissions.

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

This activity does not exist in North Macedonii

The emission factors used for TSP, PM10 anc
PM2.5 are default ones froGB2019 and there
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.
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5B1

5B2

5Cla

5C1bi

5C1bii

5C1biii

5C1biv

5C1lbv

5C1bvi

5C2

5D1
5D2

5D3

Page 329

Biological treatment
of waste-
composting
Biological treatment
of waste- anaerobic
digestion at biogas
facilities

Municipal waste
incineration
Industrial waste
incineration

Hazardous waste
incineration
Clinical waste
incineration

Sewage sludge
incineration
Cremation

Otherwaste
incineration (please
specify in the IIR)
Open burning of
waste

Domestic wastewate
handling

Industrial wastewatel
handling

Other wastewater
handling (please
specify in lIR)

NE

NA

NO

unclear

NO

unclear

NO

NO

NO

unclear

NE

NA

NO

unclear

NO

unclear

NO

NO

NO

unclear

NE

NE

NE

There is no emission factor for PM10 and PM:
in the GB2019.

This activity does not result with TSP, PM10
and PM2.5 emissions.

This activity does not exist in North Macedonii

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.

This activity does not exist in North Macedoni:

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is no information onnclusion or exclusion of
the condensable component in PM emission
factors.

This activity does not exist in North Macedoni:

This activity does not exist in North Macedonii

This activity does not exist in North Macedoni:

The emission factors used for TSP, PM10 anc
PM2.5 are default ones from GB2019 and the
is noinformation on inclusion or exclusion of
the condensable component in PM emission
factors.

There is no emission factor for PM10 and PM:
in the GB2019.

There is nemission factor for PM10 and PM2.
in the GB2019.

There is no emission factor for PM10 and PM:
in the GB2019.
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5E Other waste (please unclear  unclear The emission factonssed for TSP, PM10 and
specify in lIR) PM2.5 are default ones from GB2019 and the
is no information on inclusion or exclusion of
the condensable component in PM emission
factors.
6A Other (included in NO NO This activity does not exist in North Macedoni:
national total for
entire territory)
(please specify in
IIR)

't t 9OWEBHANI KSNI SORY2MNIShHSY B aaT

No further info on this subject
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ltt9OmbLOGA2YI f SysnBAe o6Fftlyos
Part 1

Energy balances, in natural units, by years

2022
Total Other
petroleum Kerosenes, petroleum

Hard coal Sub- Lignite products  |Refinery Motor jet fuels Heating and |Residual products

['000 Coke ['000 |bituminous |['000 ['o00 gas ['000 |LPG['000 |spirit['000 |['000 Road diesel |other gasoil (fuel oil ['000 |Petroleum (['000 Natural gas [

tonnes] |tonnes] coal ['000] |tonnes] tonnes] tonnes] tonnes] tonnes] tonnes] ['000] ['000] tonnes] coke ['000] [tonnes] '000 mn3]
Total primary production -|- - 5079,495|- - - - - - - - - - -
Recovered products -|- = = = = = = = = = = = =
Imports 0,951 0,400| 64,559 673,524 1349,051 |- 67,689 103,116 51,423 717,461 28,389 210,576 122,875 47,521| 287792,404
Stock change -0,007 0,130 -11,472| 18,143 -22,717|- 0,288 -2,511] -0,320 -11,537| 0,096 -15,959 11,241 -0,015 10,598
Exports - 0,004|- 52,953 133,773|- 1,793 6,927 25,175 71,435|- 2,800 17,143 8,493|-
Gross inland consumption 0,944 0,526 53,087| 5718,209 1192,562 |- 66,134 93,678 25,928 634,489 28,485 187,817 116,968 39,013| 287803,002]
Transformation input - - - 5699,282 151,688/ - - - - - 151,688 |- - 234531,995
- Public thermal power stations - - - 5699,282 151,688/ - - - - - 151,688 |- -
.. Autoprod. thermal power stations - - - - - - - - - - - - - -
- CHP plants - - - - - - - - - - - - - - 215309,188|
- Briquetting plants - - - - - - - - - - - - - -
- Biogas plants - - - - - - - - - - - - - -
- Refineries - - - - - - - - - - - - - -
- Main activity producer heat plants - - - - - - - - - - - - - - 19222,807
Transformation output - - - - - - - - - - - - - -
.. Public thermal power stations - - - - - - - - - - - - - -
.. Autoprod. thermal power stations - - - - - - - - - - - - - -
.« CHP plants - - - - - - - - - - - - - -
.. Briquetting plants - - - - - - - - - - - - - -
.. Biogas plants - - - - - - - - - - - - - -
.. Refineries - - - - - - - - - - - - - -
.. Main activity producer heat plants - - - - - - - - - - - - - -
Exchanges and transfers, returns - - - - 0,235|- - - - 0,235|- - - -
Consumption of the energy branch - - - - 1,327|- - - - 1,179 0,026 0,123 |- -
Distribution losses - - - - - - - - - - - - - - 1285,134|
Available for final consumption 0,944 0,526 53,087 18,926 1039,781 - 66,184 93,678 25,928 633,546 28,459 36,006 116,968 39,013 51985,873
Final non-energy consumption - - - - 39,013 |- - - - - - - - 39,013|-
Final energy consumption 0,944 0,526 53,087 18,926 1000,769 |- 66,184 93,678 25,928 633,546 28,459 36,0060 116,968|- 51985,873
-.Industry 0,944 0,526 53,087 15,289 202,091 |- 15,541 - 27,350 12,411 31,525 115,264|- 44015,167|
...Iron and steel industry 0,848 0,526 53,087 10,845 42,181 |- 0,267 |- = 1,623 0,020| 11,173 29,088|- 29420,193
...Non-ferrous metal industry - - - - 1,299|- 1,261 |- - 0,014 0,024|- - -
...Chemical industry = = = = 0,522 |- 0,013 |- = 0,057 0,399 0,053 |- = 2388,970|
...Glass, pottery and building mat. indus 0,096|- - - 108,574/ 8,584 |- - 2,265 1,736 9,812 86,177|- 1248,767|
...0re-extraction industry - - - 0,920 13,150 0,055|- - 12,896 0,198|- - -
...Food, drink and tobacco industry - - - - 16,603 |- 3,711|- - 0,352 5,207 7.333|- - 5224,088
...Textile, leather and clothing industry |- - - 3,104 2,988|- 0,066 - - 1,513 1,409|- - 167,314
...Paper and printing - - - - 0,512|- 0,039|- - 0,063 0,104 0,307|- - 587,318
...Engineering and other metal industry |- - - 0,420 2,741 |- 1,246|- - 0,415 1,059 0,021|- - 3985,410
...0ther industries - - - - 13,522|- 0,299|- - 9,665 2,142 1,417|- - 993,106
.-Transport - - - - 741,713 |- 42,101 93,262 25,913 580,437)- - - - 2242,206|
...Railways - - - - 1,104 - - - 1,104]- - - -
...Road transport - - - - 714,613 |- 42,101 93,179|- 579,333)- - - - 2242,206|
...AAir transport - - - - 25,996|- - 0,083 25,913|- - - - -
..Households, commerce, pub. auth., etq- - - 3,637 56,965 |- 8,542 0,416 0,015 25,759 16,048 4,482 1,703]- 5728,500
...Households - - - 0,819 7,134)- 3,308)- - - 3,826|- - - 170,359
...Agri = = = 0,977, 11,845 - 0,051 0,416 0,015 6,684] 0,588 2,388 1,703(-
...Other - - - 1,841] 37,986/ - 5,183 |- - 19,075 11,634 2,084|- - 5558,141
Statistical difference - - - - - - - - - - - - - -
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Part?2

Energy balances, in natural units, by years

Wood
Wood of wastes,
fruittrees  |wood
and oth. briquettes
Geothermal plant and pellets [Hydro Solar Wind Biodiesel
heat['000 [Fuelwood |[residues |['000 energy electricity [Solar electricity ['000 Derived
m3] ['000 m3]  [['000M3] tonnes] [GWh] [GWh] thermal [TJ]|[GWh] Biogas [GJ] [tonnes] heat[TJ] |Electrical energy [GWh]
Total primary production 1392, 70 989,841 23,743 25,811 1345,31 91,884 121,373 107,65 739,868- - -
Recovered products - - - - - - - - - - - -
Imports - 4,442- 78,744- - - - - - - 1935, 72
Stock change - -18,75§- 7,254- - - - - 0,235- -
Exports - 0,033- 0,247- - - - - - - 523,201
Gross inland consumption 1392, 70 975,493 23,743 111,564 1345,31 91,884 121,373 107,656 739,86 0,239- 1412,52!
Transformation input - - - - - - - - 739,868- - -
. Public thermal power stations - - - - - - - - - - - -
.. Autoprod. thermal power stations |- - - - - - - - - - - -
.. CHP plants - - - - - - - - - - - -
. Briquetting plants - - - - - - - - - - - -
.. Biogas plants - - - - - - - - 739,868 - -
.. Refineries - - - - - - - - - - - -
.._Main activity producer heat plants |- - - - - - - - - - - -
Transformation output - - - - - - - - - - 2068,42 4388,59:
.. Public thermal power stations - - - - - - - - - - - 3345,78
.. Autoprod. thermal power stations |- - - - - - - - - - - -
.. CHP plants = = = = = = = = = = 1412,12 991,434
.. Briquetting plants - - - - - - - - - - - -
.. Biogas plants - - - - - - - - - - - 51,38(
.. Refineries - - - - - - - - - - - -
.. Main activity producer heat plants |- - - - - - - - - - 656,303-
Exchanges and transfers, returns - - - - -1345,31 -76,831- -107,656- -0,235- 1529,80"
Consumption of the energy branch - 0,037- - - - - - - - 1,484 483,56
Distribution losses 97,808~ - - - - - - - - 217,45 972,12
Available for final consumption 1294,90( 975,454 23,743 111,56%- 15,051 121,373- - - 1849,48 5875,24
Final non-energy consumption - - - - - - - - - - - -
Final energy consumption 1294,90( 975,454 23,742 111,56%- 15,051 121,373- - - 1849,48 5875,24
..Industry - 10,923- 26,058- 15,051- - - - 28,207 1397,33
...Iron and steel industry - 0,014- 15,169- 4,114- - - - 28,207 495,671
...Non-ferrous metal industry - - - 0,007- 1,013- - - - - 13,509
...Chemical industry - - - 0,046- 0,511- - - - - 86,761
...Glass, pottery and building mat. indy- 0,087- 0,104- 0,679- - - - - 135,82
...Ore-extraction industry - 0,034- 0,014- 0,934- - - - - 119,91
...Food, drink and tobacco industry |- 6,495- 6,313- 3,404- - - - - 175,127
...Textile, leather and clothing industry- 1,744- 0,597- 0,839- - - - - 54,042
...Paper and printing - 0,273- 0,189- 0,684- - - - - 12,393
...Engineering and other metal industrj 0,662- 0,261- 2,554- - - - - 202,72
...Other industries - 1,611- 3,354- 0,317- - - - - 101,37
.. Transport - - - - - - - - - - - 12,078
...Railways - - - - - - - - - - - 12,07
...Road transport - - - - - - - - - - - -
...Air transport - - - - - - - - - - - -
..Households, commerce, pub. auth., 1294,90( 964,534 23,743 85,51Q- - 121,373- - - 1821,28( 4465,82
...Households - 936,654 23,743 78,621- - 121,373- - - 1404,42: 3080,244
...Agriculture 745,579 8,754- - - - - - - - - 40,59
...Other 549,321 19,124- 6,889- - - - - - 416,851 1344,98:
Statistical difference - - - - - - - - - - - -
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