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PREMESSA

Nel | 6 a mbstrumenti eldelig politiche per fronteggiare i cambiamenti climatici, un ruolo fondamentale
e svolto dal monitoraggio delle emissioni dei-gasra

A garantirel a predi sposi zione e | 06aggi orserra seeandoa formatin u a |
richiestii n I taliau intatSeRAdel M detia Tsiteleedel derritiogol eldel Mareb i e n
attraversole indicazioni delDecreto Legislativo n51 del 7 marzo 2008 e, piu di recente, del Decreto
Legislativon. 30 dell3 marzo 2013, éh prevedono | 6i st i t uzNatonaéSystemm un S
relativo all édinventsara.i o dell e emissioni dei gas

In piu, come é previsto dalla Convenziegeadro sui cambiamenti climatici per tutti i Paesi industrializzati,
| 61 S &oBumenta in um specifico rapportq il National Inventory Repartle metodologie di stima
utilizzate,unitamente ad una spiegazione degli anaganosservati.

Il National Inventory Repoffacilita i processi internazionali di verifica cui le stime ufficiali di emissione dei

gas serra sono sottoposte. In particolare, viene esaminata la rispondenza alle proprieta di trasparenza,
consistenza, comparabilita, completezza e accuratezza ndilzagane, qualita richieste esplicitamente

dalla Convenzione suddetta.6 i nvent ar i o sdt®postceogné annosad uncesatreview) da

parte di un organismo nominato dal Segretariato della Convenzione che analizza tutto il materialegoresentat

dal Paese e ne verifica in dettaglio le qualita su enunciate. Senza tali rdguisitit al i a sar ebbe
partecipazione ai meccanismi flessibili previsti dallo stesso Protoamlme il mercato delle quote di
emi ssioni, | 6i nogettieconefPateasz i oinne vdiia pdri sviluppo (CDI

progetti congiunti con Paesiaeconomain transizione (JI).

Il presentedocumentaappresentainoltre, unriferimentof ondament al e per | a piani
di tutte lepolitiche ambientalda parte dée istituzioni centrali e perifericheAc cant o al | 6k nvent
serra, rletll 9PRA ogni anno | 6i nvent ar i ochiesta ldhon al e

Convenzione di Gi n e v r rico transflohtadiaron(UNECELR T netdae Daettiveo s f e
europee sulla limitazione delle emissiom. piu, tutto il territorio nazionale éttualmentecoperto da

i nventar. regional.i sostanzi al,maalizdate prircipatmete dalle C on
Agenzie Regional: e Provinciald. per | a Protezione
Nonostante i progressi compi uti, l 6attivit™ di pr
legate alla necessita dbrsiderare nuove sorgenti e nuovi inquith@&ndi armonizzargli inventari prodotti

per diverse finalita dpolicy. | | contesto internazionale al qual e f
nazionale costituisce una garanzia di g u bdici, t d e

| 6efficacia del praviewee d sao fil retsesriba diidnalneeldidadatt an






CONTENTS

EXECUTIVE SUMMARY 16
SOMMARIO (IT ALIAN) 22
1. INTRODUCTION 24
1.1 Background information on greenhouse gas inventories and climate change 24
1.2 Description of the institutional arrangement for inventory preparation 26
1.2.1National Inventory System 26
1.2.2nstitutional arrangement for reporting under Article 3, paragraphs 3 and 4 of Kyoto
Protocol 29
1.2.3National Registry System 29
1.3 Brief description of th@grocess of inventory preparation 31
1.4 Brief general description of methodologies and data sources used 32
1.5 Brief description of key categories 36
1.6 Information on the QA/QC plan including verification and treatment of confidentiality issues
where relevant 41

1.7 General uncertainty evaluation, including data on the overall uncertainty for the inventory
totals 45
1.8 General assessment of tmmpleteness 47
2 TRENDS IN GREENHOUSE GAS EMISSIONS 49
2.1 Description and interpretation of emission trends for aggregate greenhouse gas emissiordo
2.2 Description and interpretation of emission trends by gas 50
2.2.1Carbon dioxide emissions 50
2.2.2Methane emissions 51
2.2.3Nitrous oxide emissions 52
2.2 4Fluorinated gas emissions 53
2.3 Description and interpretation of emission trends by source 55
2.3.1Energy 55
2.3.2ndustrial processes and product use 56
2.3.3Agriculture 58
2.3.4LULUCF 59
2.3.5Waste 60
2.4 Description and iterpretation of emission trends for indirect greenhouse gases and SO 61
2.5 Indirect CQ and nitrous oxide emissions 62
3 ENERGY [CRF SECTOR 1] 63
3.1 Sector overview 63
3.2 Methodology description 69
3.3 Energy industries 72
3.3.1Public Electricity and Heat Production 72
3.3.1.1 Source category description 72
3.3.1.2 Methodological issues 73
3.3.2Refineries 74
3.3.2.1 Source category description 74
3.3.2.2 Methodological issues 74
3.3.2.3 Uncertainty and timeseries consistency 75
3.3.2.4 Sourcespecific QA/QC and verification 76
3.3.2.5 Sourcespecific recalculations 76
3.3.2.6  Sourcespecific planned improvements 76
3.3.3Manufacture of Solid Fuels and Other Energy Industries 76
3.3.3.1 Source category description 76
3.3.3.2 Methodological issues 77
3.3.3.3 Uncertainty and timeseries consistency 77
3.3.3.4 Sourcespecific QA/QC and verification 78

3.3.3.5 Sourcespecific recalculations 78



3.4

3.5

3.6

3.7
3.8

3.3.3.6  Sourcespecific planned improvements
Manufacturing industries and construction
3.4.1Sector overview
3.4.2Sourcecategory description
3.4.3Methodological issues
3.4.4Uncertainty and timeseries consistency
3.4.550urcespecific QA/QC and verification
3.4.6Sourcespecific recalculations
3.4.7Sourcespecific planned improvements
Transport
3.5.1Aviation
3.5.1.1 Source category description
3.5.1.2 Methodological issues
3.5.1.3 Uncertainty and timeseries consistency
3.5.1.4 Sourcespecific QA/QC and verification
3.5.1.5 Sourcespecific recalculations
3.5.1.6 Sourcespecific planned improvements
3.5.2Railways
3.5.3Road Transport
3.5.3.1 Source category description
3.5.3.1 Methodological issues
3.5.3.1.1 Fuelbased emissions
3.5.3.2.1.a The fuel balance process
3.5.3.1.2 Traffic-based emissions
3.5.3.2 Uncertainty and timeseries consistency
3.5.3.3 Sourcespecific QA/QC and verification
3.5.3.4 Sourcespecific recalculations
3.5.3.5 Sourcespecific planned improvements
3.5.4Navigation
3.5.4.1 Source category description
3.5.4.2 Methodological issues
3.5.4.3 Uncertainty and timeseries consistency
3.5.4.4 Sourcespecific QA/QC and verification
3.5.4.5 Sourcespecific recalculations
3.5.4.6 Sourcespecific planned improvements
3.5.50ther transportation
3.5.5.1 Source category description
3.5.5.2 Methodological issues
3.5.5.3 Uncertainty and timeseries consistency
3.5.5.4 Sourcespecific QA/QC and verification
3.5.5.5 Sourcespecific recalculations
3.5.5.6 Sourcespecific planned improvements
Other sectors
3.6.1Sector overview
3.6.2Source category description
3.6.3Methodological issues
3.6.4Uncertainty and timeseries consistency
3.6.550urcespecific QA/QC and verification
3.6.650urcespecific recalculations
3.6.7Sourcespecific planned improvements
International bunkers
Feedstock and neenergy use of fuels
3.8.1Source category description
3.8.2Methodological issues
3.8.3Uncertainty and timeseries consistency
3.8.4Sourcespecific QA/QC and verification
3.8.550urcespecific recalculations
3.8.6Sourcespecific planned improvements

78
78
78
80
82
85
86
87
87
87
88
88
88
91
91
92
92
92
93
93
93
94
96
97
102
102
103
105
105
105
105
107
107
108
108
108
108
108
108
109
109
109
109
109
110
111
114
115
115
115
115
116
116
116
118
118
118
118



3.9 Fugitive emissions from solid fuels, oil and natural gas
3.9.1Source category description
3.9.2Methodological issues
3.9.3Uncertainty and timeseries consistency
3.9.4Sourcespecific QA/QC and verification
3.9.550urcespecific recalculations
3.9.650urcespecific planned improvements

INDUSTRIAL PROCESSES AND PRODUCT USE [CRF SECTOR 2]

4.1 Sector overview
4.2 Mineral Products (2A)
4.2.1Source category description
4.2.2Methodological issues
4.2.3Uncertainty and timeseries consistency
4.2.4Sourcespecific QA/QC and verification
4.2 .5Sourcespecific recalculations
4.2.6Sourcespecific planned improvements
4.3 Chemical industry (2B)
4.3.1Source category description
4.3.2Methodological issues
4.3.3Uncertainty and timeseries consistency
4.3.4Sourcespecific QA/QC and verification
4.3.5Sourcespecific recalculations
4.3.6Sourcespecific planned improvements
4.4 Metal production (2C)
4.4.1Source category description
4.4. 2Methodological issues
4.4.3Uncertainty and timeseries consistency
4.4.4Sourcespecific QA/QC and verification
4.4.5Sourcespecific recalculations
4.4.6Sourcespecific planned improvements
4.5 Non-energy products from fuels and solvent use (2D)
4.5.1Source category description
4.5.2Methodological issues
4.5.3Uncertainty and timeseries consistency
4.5.4Sourcespecific QA/QC and verification
4.5.550urcespecific recalculations
4.5.6Sourcespecific planned improvements
4.6 Electronics Industry Emissions (2E)
4.6.1Source category description
4.6.2Methodological issues
4.6.3Uncertainty and timeseries consistency
4.6.4Sourcespecific QA/QC and verification
4.6.550urcespecific recalculations
4.6.6Sourcespecific planned improvements
4.7 Emissions of fluorinated substitutes for ozalepleting substances (2F)
4.7.1Source category description
4.7.2Methodological issues
4.7.2.1 Emissions fronstationary Air Conditioning sector (2.F.1.1)
4.7.2.2 Emissions from Refrigeration sector: commercial (2.F.1.a), domestic (2 ,Fahdb
industrial (2.F.1.c)

118
118
119
124
125
125
125

126

126
128
128
130
135
136
136
136
136
136
139
145
147
148
148
148
148
150
155
158
158
158
158
158
159
161
162
162
163
163
163
163
165
165
165
165
166
166
166
167

182

4.7.2.3 Emissions from Mobile Air Conditioning (2.F.1.e), Foam blowing Agents (2.F.2),

Fire Protecton (2.F.3) and Aerosols (2.F.4)
4.7.3Uncertainty and timeseries consistency
4.7.4Sourcespecific QA/QC and verification
4.7.5Sourcespecific recalculations
4.7.6Sourcespecific planned improvements

4.8 Other product manufacture and use (2G)

189
192
193
194
195
197



4.8.1Source category description

4.8.2Methodological issues

4.8.3Uncertainty and time series consistency

4.8.4Sourcespecific QA/QC and verification

4.8.55ourcespecific recalculation

4.8.6Sourcespecific planned improvements
4.9 Other production (2H)

4.9.1Source category description

AGRICULTURE [CRF SECTOR 3]

5.1 Sector overview
5.1.1Emisson trends
5.1.2Key categories
5.1.3Activities
5.1.4Agricultural statistics
5.2 Enteric fermentation (3A)
5.2.1Source category description
5.2.2Methodological issues
5.2.3Uncertainty and timeseries consistency
5.2.4Sourcespecific QA/QC and verification
5.2.55ourcespecific recalculations
5.2.6Sourcespecific planned improvements
5.3 Manure management (3B)
5.3.1Source category description
5.3.2Methodological issues
5.3.3Uncertainty and timeseries consistency
5.3.4Sourcespecific QA/QC and verification
5.3.5Sourcespecific recalculations
5.3.6Sourcespecific planned improvements
5.4 Rice cultivation (3C)
5.4.1Source category description
5.4.2Methodological issues
5.4.3Uncertainty and timeseries consistency
5.4.4Sourcespecific QA/QC and verification
5.4.5S50urcespecific recalculations
5.4.6Sourcespecific planned improvements
5.5 Agriculture soils (3D)
5.5.1Source category description
5.5.2Methodological issues
5.5.3Uncertainty and timeseries consistency
5.5.4Sourcespecific QA/QC and verification
5.5.550urcespecific recalculations
5.5.6Sourcespecific planned improvements
5.6 Field burning of agriculture residues (3F)
5.6.1Source category description
5.6.2Methodological issues
5.6.3Uncertainty and timeseries consistency
5.6.4Sourcespecific QA/QC and verification
5.6.550urcespecific recalculations
5.6.6Sourcespecific planned improvements
5.7 Liming (3G)
5.7.1Source category description
5.7.2Methodological issues
5.7.3Uncertainty and timeseries consistency
5.7.4Sourcespecific QA/QC and verification
5.7.5Sourcespecific recalculations
5.7.6Sourcespecific planned improvements
5.8 Urea application (3H)

197
197
201
201
202
202
202
202

203

203
203
205
205
206
207
207
207
213
213
214
214
214
214
215
226
227
227
228
230
230
230
232
233
233
233
234
234
235
240
241
242
243
243
243
243
246
246
246
246
247
247
247
247
248
248
248
248



5.8.1Source category description 248

5.8.2Methodological issues 248
5.8.3Uncertainty and timeseries consistency 248
5.8.4Sourcespecific QA/QC and verification 249
5.8.55ourcespecific recalculations 249
5.8.6Sourcespecific planned improvements 249
6  LAND USE, LAND USE CHANGE AND FORESTRY [CRF SECTOR 4] 250
6.1 Sector overview 250
6.2 Forest land (4A) 257
6.2.1Description 257
6.2.2nformation on approaches used for representing land areas and orumndatabases
used for the inventory preparation 258
6.2.3Landuse definitions and the classification systems used and their correspondence to the
LULUCF categories 258
6.2.4Methodological issues 259
6.2.59Uncertainty and time series consistency 262
6.2.6Categoryspecific QA/QC and verification 264
6.2.7Categoryspecific recalculations 266
6.2.8Categoryspecific planned improvements 266
6.3 Cropland (4B) 267
6.3.1Description 267
6.3.2nformation on approaches used for representing land areas and onusediatabases
used for the inventory preparation 267
6.3.3Landuse definitions and the classification systems used and their correspondence to the
LULUCF categories 267
6.3.4Methodological $sues 267
6.3.5Uncertainty and time series consistency 273
6.3.6Categoryspecific QA/QC and verification 273
6.3.7Categoryspecific recalculations 273
6.3.8Categoryspecific planned improvements 274
6.4 Grassland (4C) 274
6.4.1Description 274
6.4.2nformation on approaches used for representing land areas and orutndatabases
used for the inventory preparation 274
6.4.3Landuse definitions and the classification systems used and their correspondence to the
LULUCF categories 274
6.4.4Methodological issues 275
6.4.5Uncertainty and time series consistency 280
6.4.6Categoryspecific QA/QC and verification 280
6.4.7Categoryspecific recalculations 281
6.4.8Categoryspecific planned improvements 281
6.5 Wetlands (4D) 281
6.5.1Description 281
6.5.2nformaion on approaches used for representing land areas and onusadiatabases
used for the inventory preparation 282
6.5.3Landuse definitions and the classification systems used and their correspondence to the
LULUCF categories 282
6.5.4Methodological $sues 282
6.5.5Uncertainty and time series consistency 283
6.5.6Categoryspecific recalculations 284
6.5.7Categoryspecific planned improvements 284
6.6 Settlements (4E) 284
6.6.1Descrption 284
6.6.2nformation on approaches used for representing land areas and orutndatabases
used for the inventorgreparation 284

6.6.3Landuse definitions and the classification systems used and their correspondence to the
LULUCF categories 284



6.6.4Methodological issues 284

6.6.5Uncertainty and time series consistency 287
6.6.6Categoryspecific QA/QC and verification 288
6.6.7Categoryspecific recalculations 288
6.6.8Category-specific planned improvements 288
6.7 Other Land (4F) 288
6.8 Direct NO emissions from N inputs to managed soils (4(1)) 288
6.9 Emissions and removals from drainage and rewetting and other management of organic and
mineral soils (4(Il)) 288
6.10 N.O emissions from N mineralization/immobilization associated with loss/gain of soil
organic matter resulting from change of land use or management of mineral soils 289
6.10.1 Description 289
6.10.2 Methodological issues 289
6.103 Categoryspecific recalculations 290
6.11 Indirect NO emissions from managed soils (4(I1V)) 290
6.11.1 Description 290
6.11.2 Methodological issues 291
6.11.3 Categoryspecific recalculations 291
6.12 Biomass Burning (4(V)) 291
6.12.1 Description 292
6.12.2 Methodological issues 292
6.12.3 Uncertainty and time series consistency 295
6.12.4 Categoryspecific QA/QC and verification 295
6.12.5 Categoryspecific recalculations 295
6.12.6 Categoryspecific planned improvements 296
6.13 Harvested wood products (HWP) (4G) 296
6.13.1 Description 296
6.13.2 Methodological issues 296
6.13.3 Uncertainty and time series consistency 297
6.13.4 Categoryspecific QA/QC and verification 297
6.13.5 Categoryspecific recalculations 297
6.13.6 Categoryspecific planned improvements 297
WASTE [CRF SECTOR 5] 298
7.1 Sector overview 298
7.2 Solid waste disposal on land (5A) 299
7.2.1Source category description 299
7.2.2Methodological issues 300
7.2.3Uncertainty and timeseries consistency 310
7.2.450urcespecific QA/QC and verification 310
7.2.550ucespecific recalculations 311
7.2.6Sourcespecific planned improvements 312
7.3 Biological treatment of solid waste (5B) 312
7.3.1Source category description 312
7.3.2Methodological issues 312
7.3.3Uncertainty and timeseries consistency 314
7.3.4Sourcespecific QA/QC and verification 314
7.3.550urcespecific recalculations 314
7.3.6Sourcespecific planned improvements 314
7.4 Waste incineration (5C) 315
7.41Source category description 315
7.4.2Methodological issues 315
7.4.3Uncertainty and timeseries consistency 320
7.4.4Sourcespecific QA/QC and verification 321
7.4.550urcespecific recalculations 321
7.4.6Sourcespecific planned improvements 321
7.5 Wastewater handling (5D) 321

7.51Source category description 321



7.5.2Methodological issues 323

7.5.3Uncertainty and timeseries consistency 328
7.5.450urcespecific QA/QC and verification 329
7.5.550urcespecific recalculations 330
7.5.6Sourcespecific planned improvements 330

8 RECALCULATIONS AND IMPROVEMENTS 331
8.1 Explanations and justifications for recalculations 331
8.2 Implications for emission levels 331
8.3 Implications for emission trends, including time series consistency 335
8.4 Recalculations, response to the review process and planned improvements 336
8.4.1Recalculations 336
8.4.2Response to the UNFCCC review process 337
8.4.3Planned improvements (e.g., institutional arrangements, inventory preparation) 338

9  KP-LULUCF 341
9.1 General information 341
9.1.1D€finition of forest and any other criteria 341
9.1.2Elected activities under Article 3, paragraph 4, of the Kyoto Protocol 341

9.1.3Description of how the definitions of each activity under Article 3.3 and FM and each
elected activity under Article 3.4ate been implemented and applied consistently over
time 341

9.1.4Description of precedence conditions and/or hierarchy among Ar8ct activities, and
how they have been consistently applied in determining how land was classified 342

9.2 Landrelatedinformation 342
9.2.1Spatial assessment unit used for determining the area of the units of land under Article
3.3 344
9.2.2Methodology used to develop the land transition matrix 344
9.2.3Maps and/or database to identify the geographical locations, and the system of
identification codes for the geographical locations 345
9.3 Activity -specific information 345
9.3.1Methods for carbon stock change and GHG emission and removal estimates 345
9.3.1.1 Description of the methodologies and the underlying assumptions used 345
9.3.1.2 Justification when omitting any carbon pool or GHG emissions/removals from
activities under Article 3.3 and elected activities under Article 3.4 347
9.3.1.3 Information on whether or not indirect and natural GHG emissions and removals
have been factored out 351
9.3.1.4 Changes idata and methods since the previous submission (recalculations) 351
9.3.1.5 Uncertainty estimates 352
9.3.1.6 Information on other methodological issues 353
9.3.1.7 The year of the onset of an activity, if after 2008 353
9.4 Article 3.3 354
9.4.1Information that demonstrates that activities under Article 3.3 began on or after 1
January 1990 and before 31 Decembet2@nd are direct humaimduced 354
9.4.2nformation on how harvesting or forest disturbance that is followed by the re
establishmet of forest is distinguished from deforestation 355
9.4.3Information on the size and geographical location of forest areas that ket forest
cover, but which are not yet classified as deforested 355
9.4 dinformation related to the naturalisturbances provision under article 3.3 355
9.4 Sinformation on Harvested Wood Products under article 3.3 356
9.5 Article 3.4 357
9.5.1Information that demonstrates that activities under Article 3.4 have occurred since 1
January 1990 and are human induced 357
9.5.2nformation relating to Forest Management 357
9.5.2.1 Conversion of natural forest to planted fste 357
9.5.2.2 Forest Management Reference Level (FMRL) 358
9.5.2.3 Technical Corrections of FMRL 358

9.5.2.4 Information related to the natural disturbances provision under article 3.4 359



9.5.2.5 Information on Harvested Wodrtoducts under article 3.4 360
9.5.3Information relating to Cropland Management, Grazing Land Management,
Revegetation an@/etland Drainage and Rewetting if elected, for the base year 360

9.6 Other information 361
9.6.1Key category analysis for Article 3.3 activities and any elected activities under Article3814
9.7 Information relating to Article 6 361
10 INFORMATION ON ACCOUNTING OF KYOTO UNITS 362
10.1 Background information 362
10.2 Summary of information reported in the SEF tables 362
10.3 Discrepancies and notifications 362
10.4 Publicly accessible information 363
10.5 Calculation of the commitment period reserve (CPR) 363
10.6 KP-LULUCF accounting 363
11 INFORMATION ON CHANGES IN NATIONAL SYSTEM 365
12 INFORMATION ON CHANGES IN NATIONAL REGISTRY 366
12.1 Previous Review Recommendations 366
12.2 Changes to National Registry 366
13 INFORMATION ON MINIMIZATION OF ADVERSE IMPACTS IN ACCORDANCE
WITH ARTICLE 3, PARAGRAPH 14 368
13.1 Overview 368
13.2 European Commitment under Art 3.14 of the Kyoto Protocol 369
13.3 Italian commitment under Art 3.14 of the Kyoto Protocol 370
13.4 Funding, strengthening capacity and transfer of technology 374
13.5 Priority actions in implementing commitments under Article 3 paragraph 14 376
13.6 Additional information and future activities related to the commitment of Article 3.14 of the
Kyoto Protocol 378
13.7 Review process of Article 341of the Kyoto Protocol 378
14 REFERENCES 379
14.1 INTRODUCTION and TRENDS IN GREENHOUSE GAS EMISSIONS 379
14.2 ENERGY 380
14.3 INDUSTRIAL PROCESSES AND PRODUCT USE 383
14.4 AGRICULTURE 389
14.5 LAND USE, LAND USE CHANGE AND FORESTRY 399
14.6 WASTE 402
14.7 KP-LULUCF 407
14.8 Information on minimization of adverse impacts in accordance with Article 3, paragraph 4@8
14.9 ANNEX 2 412
14.10ANNEX 3 412
14.11JANNEX 4 412
14.12ANNEX 5 413
14.13ANNEX 6 413
14.14ANNEX 7 414
14.15ANNEX 14 415
ANNEX 1: KEY CATEGORIES AND UNCERTAINTY 416
Al.1 Introduction 416
Al.2 Approachl key category assessment 416
A1.3 Uncertainty assessment (IPCC Approach 1) 423
Al.4 Approach 2 key category assessment 434
Al.5 Uncertainty assessment (IPCC Approach 2) 441
ANNEX 2: ENERGY CONSUMPTION FOR POWER GENERATION 456
A2.1 Source category description 456

A2.2 Methodological issues 457



A2.3 Uncertainty and timeeries consistency 459

A2.4 Sourcespecific QA/QC and verification 460
A2.5 Sourcespecific recalculations 460
A2.6 Sourcespecific planned improvements 460
ANNEX 3: ESTIMATION OF CARBON CONTENT OF COALS USED IN | NDUSTRY 462
ANNEX 4: CO; REFERENCE APPROACH 466
A4.1 Introduction 466
A4.2 Comparison of the sectoral approach with the reference approach 467
A4.3 Comparison of the sectoral approach with the reference approach and international statés8s
ANNEX 5: NATIONAL ENERGY BALANCE, YEAR 2018 470
ANNEX 6: NATIONAL EMISSION FACTORS 475
A6.1 Natural gas 475
A6.2 Diesel oil, petrol and LPG 477
A6.3 Fuel oll 478
A6.4 Coal 478
A6.5 Other fuels 480
ANNEX 7: AGRICULTURE SECTOR 486
A7.1 Enteric fermentation (3A) 486
A7.2 Manure management (3B) 491
A7.3 Agricultural soils (3D) 505

ANNEX 8: ADDITIONAL INFORMATION TO BE CONSIDERED AS PART OF THE
ANNUAL  INVENTORY  SUBMISSION AND THE  SUPPLEMENTARY
INFORMATION REQUIRED UNDER ARTICLE 7, PARAGRAP H 1, OF THE KYOTO

PROTOCOL OR OTHER USEFUL REFERENCE INFORMATION 516

A8.1 Annual inventory submission 516
A8.2 Supplementary information under Article 7, paragraph 1 527
A8.2.1 KRLULUCF 527
A8.2.2 Standard electronic format 537
A8.2.3 National registry 548
A8.2.4 Adverse impacts under Article 3, paragraph 14 of the Kyoto Protocol 549
ANNEX 9: METHODOLOGIES, DATA SOURCES AND EMISSION FACTORS 557
ANNEX 10: THE NATIONAL REGISTRY FOR CARBON SINKS 569
ANNEX 11: THE NATIONAL REGISTRY 582
ANNEX 12: OVERVIEW OF THE CURRENT SUBMISSION IMPROVEMENTS 585
A12.1 Results of the UNFCCC review process 585
A12.2 Results of the ESD technicaliew process 595
ANNEX 13: REPORTING UNDER EU REGULATION NO 525/2013 596
A13.1 Article 10 of the EU Regulation 596
A13.2 Article 12 ofthe EU Regulation 599

ANNEX 14: FOR-EST MODEL 601



EXECUTIVE SUMMARY

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

The United Nations Framework Convention on Climate Change (FCCC) was ratified by Italy in the year
1994 through law no.65 of 15/01/1994.

The Kyoto Protocol, adopted in December 1997, has established emission reduction objectives for Annex B
Parties (i.eindustrialised countries and countries with economy in transition): in particular, the European
Union as a whole is committed to an 8% reduction within the period-2008, in comparison with base

year levels. For Italy, the EU burden sharaggeement,et out in Annex Il to Decision 2002/358/EC and in
accordance with Article 4 of the Kyoto Protocbias established a reduction objective of 6.5% in the
commitment period, in comparison with 1990 levels.

Subsequently, on1June 2002, Italy ratified the yto Protocol through law no.120 of 01/06/2002. The
ratification law prescribed also the preparation of a National Action Plan to reduce greenhouse gas
emissions, which was adopted by the Interministerial Committee for Economic Planning (CIPEY) on 19
Decanber 2002 (deliberation n. 123 of 19/12/2002he Kyoto Protocol finally entered into force in
February 2005The first commitment period ended in 2012, with an exten&oriulfilling commitments, to

18" November 2015the so calledrue-up period The evaluation of the Kyoto Protocol, together with the
commitments fulfilled by each Party, has been finalized by the UNFCCC Secretariat.

A new global agreement was reached in Paris in Deceftldds, for the period after 2020. The agreement
aims tostrengthen the global response to tmedt of climate change by holding the increase in the global
temperature to well below 2°C above {imdustrial levels and to pursue efforts to limit the temperature
increase to 1.5 °C above gredustrial levels, reognizing that this would significantly reduce the risks and
impact of climate chang@n 5" October 2016, the threshold for entry into force ofRlagis Agreement was
achieved ande Paris Agreement entered into force BiNévember 2016.

To fulfil the gap 2012 0 2 0 , the 6Doha Amendment t on8tDeeemhbéry ot o
2012.

The EU and its Member States have committethis second phase of the Kyoto Protocol esi@blishedo
reduce theircollective emissions to 20% below their éds in 2990 or other chosen base years; this is also
reflected in the Doha Amendmenithetarget will be fulfilled jointly with Iceland.

As a Party to the Convention and the Kyoto Protocol, Italy is committed to develop, publish and regularly
update natinal emission inventories of greenhouse gases (GHGs) as well as formulate and implement
programmes to reduce these emissions.

In order to establish compliance with national and international commitments, the national GHG emission
inventory is compiled andommunicated annually by the Institute for Environmental Protection and
Research (ISPRA) to the competent institutions, after endorsement by the Ministry for the Environment,
Land and Sea. The submission is carried out through compilation of the Commatirfgepormat (CRF),
according to the guidelines provided by the United Nations Framework Convention on Climate Change and
the European Unionbs Greenhouse Gas Monitoring N
submission shall consist of a nationaléntory report (NIR) and the common reporting format (CRF) tables

as specified in the Guidelines on reporting and review of greenhouse gas inventories from Parties included in
Annex | to the Conventiorlecision 24/CP.19n FCCC/CP/2013/10/Add.3

Detailed information on emission figures and estimation procedures, including all the basic data needed to
carry out the final estimates, is to be provided to improve the transparency, consistency, comparability,
accuracy and completeness of the invenpooyided.

The national inventory is updated annually in order to reflect revisions and improvements in the
methodology and use of the best information available. Adjustments are applied retrospectively to earlier
years, which accounts for any differencereviously published data.

This report provides an analysis of the Italian GHG emission inventory communicated to the Secretariat of
the Climate Change Convention and to the European Commission in the framework of the Greenhouse Gas
Monitoring Mechanismri the yea200Q including the update for the ye2018 and the revision of the entire

time series 199Q017.
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Concerning the reporting and accounting requirements, under the KP CP2 each Party is required to submit a
report, the initial report, to facilite the calculation of its assigned amaamt to demonstrate its capacity to
account for its emissions and assigned amount (UNFCC Decision 2/CMP.8). The ratification decision allows
a joint initial report of the EU, its Member States and Iceland, to éygaped by the European Commission,

and individual initial reports of each Member 8&atand Iceland. In its initial repoitaly describeghe

national assigned amount as well as the commitment period reserve.

The electionof LULUCF activities under Artile 3, paragraph 4, of the Kyoto Protocol for the commitment
period 20132020 is alsoindicated in the same document; Italy has el@aropland and grazing land
management activities.

Emission estimates comprise the/endirect greenhouse gases under Klygto Protocol (carbon dioxide,
methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, sulphur hexaflutitidgen trifluoride

which contribute directly to climate change owing to their positive radiative forcing effect and four indirect
greenlouse gases (nitrogen oxides, carbon monoxide;nmethane volatile organic compounds, sulphur
dioxide).

This report, the CRF files and other related documents are available on website at the address
http://www.sinanet.isprambiente.it/it/sispra/seriestoricheemissioni

The official inventory submissions can also be found at the UNFCCC wehsite//unfccc.int/ghg
inventoriesannexi-parties/2020

ES.2. Summary of national emission and removal related trends

Total greenhouse gas emissions, in.@Quivalent, excluding emissions and removals from land use, land
use change and forestry, decreasedlB% between 1990 an#l018 (from 516 to 428 millions of CQ
equivalent tons).

The most important greenhouse gaspGhich accounted fd81.4% of totd emissions in C@equivalent in
2018, showed a decrease B@5% between 1990 an2018. CH, and NO emissions were equal 1®.1%
and4.1%, respectively, of the total G@quivalent greenhouse gas emission®0iB. Both gases showed a
decrease from 1990 #9018, equal t0l0.8% and32.0% for CH, and NO, respectively.

Other greenhouse gases, HFCs, RBEsand NF;, ranged from @1% t03.9% of total emissions.

Table ES.1 illustrates the national trend of greeshagases for 1999018, expressed in CQequivalent
terms, by substance and category.
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Table ES.1. Total greenhouse gas emissions and removals inQuivalent [Gg CO: eq]

GHG emissions 1990 1995 2000 2005 2010 2015 2016 2017 2018

Gg CQ equivalent

CQOz excluding net C@
from LULUCE 438,009 448,333 468,442 500,006 433,688 360,088 356,556 351,474 348,085

CQzincluding net CQ
from LULUCF
EG'ES’&CF'“d'”g CHfoM 48247 50326 50,766 48,328 46980 43,884 43399 43658 43,033
CHas including CH: from
LULUCF

EG?SéCF'“d'”g NOfrom 6036 27579 28648 28032 19078 17,859 18100 18,007 17,695

’C'G?G"C‘"F”d'“g NOTfrom  ,e961 28507 29383 28690 19507 18187 18532 18529 18,168

432,347 423,476 446,120 463,963 390,975 315,884 315,596 328,245 311,176

49,429 50,606 51,449 48,609 47,289 44,151 43,695 45,005 43,203

HFCs 444 927 2,489 7,617 12,053 15389 15963 16,408 16,570
PFCs 2,907 1,492 1,488 1,940 1520 1,688 1,614 1,314 1,657
Unspecified mix of HFCs NO 23 23 23 23 23 23 23 21
and PFCs

Sk 408 680 604 550 394 472 399 417 446
NFs NO 77 13 33 20 28 34 23 22
Igtfb(ceé)d”d'”g 516,052 529,435 552,474 586,529 513,756 439,432 436,088 431,324 427,529
IS‘I:"‘L'J(C'“F‘;'“"'“Q 512,496 505,788 531,570 551,426 471,782 395,822 395857 409,964 391,263
GHG categories 1990 1995 2000 2005 2010 2015 2016 2017 2018

Gg CQ equivalent
1. Energy 423555 436,219 457,280 485,343 426,136 357,289 353,493 348,508 344,328

2. Industrial Processes and

40,484 38,374 39,198 47,263 37,069 33,265 33,477 33,939 34,724
Product Use

3. Agriculture 34,709 34,846 34,107 32,040 30,147 30,299 30,831 30,625 30,187
4. LULUCF -3,556 -23,647 -20,904 -35,104 -41,975 -43,610 -40,231 -21,360 -36,266
5. Waste 17,304 19,996 21,890 21,883 20,404 18579 18,288 18,252 18,290
6. Other NO NO NO NO NO NO NO NO NO

Total (including LULUCF) 512,496 505,788 531,570 551,426 471,782 395,822 395,857 409,964 391,263




ES.3. Overview of source and sink category emission estimates and trends

The energy sector is the largest contributor to national total GHG emissions with a s@@i8, of 80.5%.
Emissions from this sector decreased1igy®6 from 1990 t02018. Substances with decrease rates were
CO,, whose levels reduced Hy8.5% from 1990 ta2018 and accounts fo86.5% of the total in the energy
sector, and ClHwhich showed a reduction 8#.4% but its share out of the sectoral total is chBf6; N.O,
also, showedraincrease 00.4% from 1990 td®?018, accounting for B%. Specifically, in terms of total GO
equivalent, an increase in emissions was observed iathieesectos, about5.8%, from 1990 tc2018; in
2018 this sectoaccounedfor 24 2% of totalenergy sectoemissions.

For the industrial processes sector, emissions showed a decrdds®ofrom 1990to 2018. Specifically,

by substance, C{emissions account fa¥4.(% and showed a decrease4®/0%, CH; decreased b§5.9%,

but it accounts only for @%, while NO, whosdevels shard. 9 of total industrial emissions, decreased by
906%. The decrease in emissions is mostly due to a decrease in chemical industry (due to the fully
operational abatement technology in the adipic acid industryjnamelal andnetal productia emissions. A
considerable increase was observed-gabes emissionsnpre than300%), whose level on total sectoral
emissions i$3.%. It should be noted that, except for the motivations explained, the economic rebessio
had a remarkablmfluenceon the production levels of most the industries and consequent emisstbes
lastyears

For agriculture, emissions refarainly to CH, and NO levels, which account f@3.8% and34.8% of the
sectoral total, respectivelCO,, onthe other had, shares only 4% of the total The decrease observed in
the total emissions-13.0%) is mostly due to the decrease of £émissions from enteric fermentation (
8.4%), which account fod7.1% of sectoral emissions and to the decrease,Of fkom agriculural soils ¢
17.5%), which accounts fd27.6% of sectoral emissions

As regards land use, lanuge change and forestry, from 19902@18 total removalsn CO, equivalent
considerablyncreasd; CQO;, accounts for almost the total emissions and removals of the £ef.8%0).

Finally, emissions from the waste sedtmreased by.7% from 1990 ta2018, mainly due to aincrease in
the emissions from solid waste disposalamd (12.3%), which accountor 749% of waste emissions. The
most important greenhouse gas in this sector isw@tich accounts fo892% of the sectoral emissions and
shows a increase 0f5.5% from 1990 t02018. N O emission levels increased k¢.9%, whereas CO
decreased b§2.1%; these gases account dr.3% and 05% in the sectarrespectively.

Table ES.2 provides an overview of the &Quivalent emission trends by IPCC source category.
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Table ES.2. Summary of emission trends by soge category and gas in C@equivalent [Gg COz eq.]

Category 1990 1995 2000 2005 2010 2015 2016 2017 2018
Gg CCG
equivalent

A. Energy: fuel combustion 410,628 424,048 446,411 475,923 417,494 349,653 346,475 341,329 337,529
COz: 1. Energy Industries 136,798 139,794 143,841 158,382 136,423 105200 104,066 104,205 95,282
gﬁ?é%:g?ﬁgﬁ;&”mg'”dUQ“es 89,697 88,055 93,848 90,053 67,365 54,016 52,608 51,418 52,887
CO2: 3. Transport 100,299 111,505 121,406 126,595 114,185 105,057 103,639 99,765 103,096
COxz: 4. Other Sectors 75,721 75167 78,604 91,660 90,381 77,236 78,130 77,867 78,382
COxz: 5. Other 1,071 1,496 837 17233 652 459 515 326 341
CHa 2,446 2,704 2,472 2,308 3,168 3,000 2,933 3,111 2,922
N2O 4596 57326 5403 5692 5321 4,676 4,584 4,636 4,618
égg'E”e@y:MQ“WES“°"1°"& 12,927 12,171 10,869 9,421 8642 7,636 7,018 7,179 6,799
CO 4,048 4,002 3,262 2557 2377 2,574 2,189 2351 2,295
CHa 8,868 8,157 7,595 6,850 6,253 5052 4,820 4,818 4,495
NzO 12 12 12 13 12 10 9 10 9
2. Industrial processes 40,484 38,374 39,198 47,263 37,069 33,265 33,477 33,930 34,724
CO 20,397 27,341 25908 28,774 21,775 15009 14,767 15013 15,289
CHa 129 134 73 74 60 42 48 44 44
N2O 7199 7,701 8599 8251 17224 613 629 697 675
HFCs 444 927 2,489 7,617 12,053 15389 15963 16,408 16,570
PFCs 2,007 1,492 1,488 1940 1520 1,688 1,614 1,314 1,657
Unspecifiednix of HFCs and

PFCs NO 23 23 23 23 23 23 2295 2092
Sk 408 680 604 550 394 472 399 417 446
NFs NO 77 13 33 20 28 34 23 2213
3. Agriculture 34709 34,846 34,107 32,040 30,147 30,299 30,831 30,625 30,187
COz Liming 1 1 2 14 18 14 12 17 15
COz Urea application 465 512 525 507 335 425 527 418 405
CHa: Enteric fermentation 15,497 15319 15048 13,709 13,530 13,695 14,039 14,209 14,202
CHa: Manure management 3,948 3,785 3,764 3,711 3,774 3,806 3,541 3,543 3,480
CHa: Rice Cultivation 1,876 1,989 1656 1,752 1,822 1,668 1,715 1644 1,553
gs;;d:lglsd Burning of Agricultural 15 15 15 16 15 16 17 15 15
N2O: Manure management 2,817 2,689 2,642 2,466 2,434 2,287 2241 2,232 2,190
N20: Agriculture soils 10,086 10,532 10,451 9,860 8,214 8,384 8734 8542 8,322
gfa(?si:dilglsd Burning of Agricultural 4 4 4 4 4 4 4 4 4
ﬁﬁ;gﬁ;d*BeCha”gea”d 3,556 -23,647 -20,004 -35104 -41,975 -43,610 -40,231 -21,360 -36,266
CO 5,662 -24,857 -22,322 -36,043 -42,713 -44,204 -40,960 -23,229 -36,909
CHa 1,181 281 683 281 309 267 206 1,347 171
N2O 925 929 735 658 429 327 432 522 473
6. Waste 17,304 19,996 21,890 21,883 20,404 18,579 18,288 18,252 18,290
CO 512 458 208 230 177 99 103 92 91
CHa 15,470 18,223 20,144 19,907 18358 16,595 16,288 16,272 16,321
NzO 1,323 1,315 1538 1,746 1869 1,885 1,897 1,888 1,877
Total emissions (with LULUCF) 512,496 505,788 531,570 551,426 471,782 395822 395,857 409,964 391,263
~olzEll ensgiss (e 516,052 529,435 552,474 586,529 513,756 439,432 436,088 431,324 427,529

LULUCF)




ES.4. Other information

In Table ES.3 N@, CO, NMVOC and S@emission trends from 1990 8918 are summarised.

All gases showed a significant reduction4018 as compared to 1990 levels. The highest reduction is
observed for S&(-93.5%), while NOx andCO emissions reduced by abd.3% and65.7% respectively;
NMVOC levels showed a decrease3iy8%.

Table ES.3. Total emissions of indirect greenhouse gases and:$®9062018) [Gg]

1990 1995 2000 2005 2010 2015 2016 2017 2018

Gg
NOx 2,066 1,991 1,512 1,296 951 735 715 675 672
CO 7,213 7,071 4,748 3,494 3,114 2,303 2,227 2,333 2,080
NMVOC 2,001 2022 1,600 1,361 1,137 917 901 947 913
SO 1,784 1,323 756 410 218 124 117 115 110
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Sommario (ltalian)

Nel document o Al tlaventoy 6996318 Natiohab lnventory Beps@0200 S | descr
l a comunicazione annuale italiana dell éinventario
nell 6ambito del |l a Cobiamenti Llimatici edelleQNaaiahir Unite UNFCCQ) ,adel
protocoll o di Kyoto. Tale comunicazione  anche t
di Monitoraggio dei Gas Serra.

Ogni Paese che partecipa alla Convenzione, i nfatt

emissioni dei gas serra secondo i formati richiesti, deve documentarer@pam il National Inventory
Report la serie storica delle emissiorliia documentazione prevede una spiegazione degli andamenti

osservati, una descri zi one kdyesodrcgsane |l del | d@iend d er tsec
associata, un riferimento alle metodologie di stima e alle fonti dei dati di base etaéidiaemissione

utilizzati per I e st i m@uality AssbrantelQuadity Coatwdi coi @ sogoetto | S i
| 6inventario e delle attivit?@ di verifica effettu

Il National Inventory Repoffcilita, inoltre, i processi interaénali di verifica cui le stime di emissione dei

gas serra sono sottoposte al fine di esaminarne la rispondenza alle proprieta di trasparenza, consistenza,
comparabilitd, completezza e accuratezza nella realizzazione, qualita richieste esplicitamente dall
Convenzione suddetta. Nel caso in cui, durante il processvigiyy siano identificati eventuali errori nel
formato di trasmissione o stime non supportate da adeguata documentazione e giustificazione nella
metodologia sceltdl, Paese viene invitato acharevisione delle stime di emissione.

| dati di emissione dei geserra,i rapporti National Inventory Reporicosi come i risultati dei processi di
review sono pubblicati sul sito web del Segretariato della Convenzione sui Cambiamenti Climatici
https://unfccc.int/ghgnventoriesannexi-parties/2020

La serie storica nazionale delle emissioni € anche diggodi e sul sito web all 6indi
http://www.sinanet.igrambiente.it/it/sidspra/seriestoricheemissioni.

Da urtanalisi di sintesi della serie storica dei dati di emissione dal 1920W18| si evidenzia che le
emissioni nazionali totali dei sei gas serra, espresse ireQ@valente, sondiminuite del17.2% nel 2018
rispettoal 1990 In particolare, le emissioni complessive di£300 n 0o [Bh4boidel tathld edrisultano nel

2018 inferiori del205% rispetto al 1990. Le emissioni di metano e di protossido di apoto @ri a circa il

10.1% e 41% deltotale, rispettivamente, e presentano andamenti in diminuzione sia per il mé@g)

che per il protossido di azote3R.(6). Gli altri gasserra, HFC, PFCSFk e N, hanno un peso complessivo

sul totale delle emsioni che varia tra lo 01% eil 3.9%; le emissioni degli HFC evidenziano una forte
crescita, mentre le emissioni di PFC decrescono e quelles@ NF mostrano un incremento. Sebbealk
variazioni non ®no risultate determinanti ai fini del consegnento degli obiettivi di riduzione delle
emissioni, la significativita del trend degli HFC potrebbe renderli sempre pit importanti nei prossimi anni.
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PART I: ANNUAL INVENTORY SUBMISSION
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1. INTRODUCTION

1.1 Background information on greenhouse gas inventories and climate change

In 1988 the World Meteorological Organisation (WMOQO) and the United Nations Environment Program
(UNEP) established a scientific Intergovernmental Panel on Climate Change (IPCC) in ordenatedtal
available scientific information on climate variations, examine the social and economical influence on
climate change and formulate suitable strategies for the prevention and the control of climate change.

The first IPCC report in 1990, althougtonsidering the high uncertainties in the evaluation of climate
change, emphasised the risk of a global warming due to an unbalance in the climate system originated by the
increase of anthropogenic emissions of greenhouse gases (GHGs) caused by idduslojpinent and use

of fossil fuels. More recently, the scientific knowledge on climate change has firmed up considerably by the
| PCC Fourth Assessment Report on gl obal war mi ng
unequi vocal ewand.strofighrevidence tisat most of the warming observed over the last 50
year s i s attributable to human activities (e).
temperatures since the w@th century is very likely due to the observed inageas anthropogenic
greenhouse gas <concentrationso. Hence the need o
industrialised countries.

The first initiative was taken by the European Union (EU) at the end of 1990, when the EU adopted the goal
of a stabilisation of carbon dioxide emissions by the year 2000 at the level of 1990 and requested Member
States to plan and implement initiatives for environmental protection and energy efficiency. The contents of
EU statement were the base for the negotiabf the United Nations Framework Convention on Climate
Change (UNFCC) which was approved in New York &rviay 1992 and signed during the summit of the
Earth in Rio the Janeiro in June 1992. Parties to the Convention are committed to develop, pdblish a
regularly update national emission inventories of greenhouse gases (GHGs) as well as formulate and
implement programmes addressing anthropogenic GHG emissions. Specifically, Italy ratified the convention
through law no.65 of 15/1/1994.

On 11/12/1997, Rtes to the Convention adopted the Kyoto Protocol, which establishes emission reduction
objectives for Annex B Parties (i.e. industrialised countries and countries with economy in transition) in the
period 20082012. In particular, the European Union astale wascommitted to an 8% reduction within

the period 2002012, in comparison with base year levels. For Italy, the EU burden sharegment, set

out in Annex Il to Decision 2002/358/EC and in accordance with Article 4 of the Kyoto Pratetatlished

a reduction objective of 6.5% in the commitment period, in comparison with the base 1990 levels.

Italy ratified the Kyoto Protocol onsLJune 2002 through law no.120 of 01/06/2002. The ratification law
prescribes also the preparation of a Natioketion Plan to reduce greenhouse gas emission, which was
adopted by the Interministerial Committee for Economic Planning (CIPE) &hDEzember 2002
(deliberation n. 123 of 19/12/2002)he Kyoto Protocol finally entered into force orf"Feebruary 2005.

The first commitment period ended in 2012, with an exten&woriulfilling commitments, to 18 November

2015, the so callettue-up period The evaluation of the Kyoto Protocol, together with the commitments
fulfilled by each Party, has been finalized by the UNFCCC Secretariat.

A new global agreement was reached in Paris in Deceftldds, for the period after 2020. The agreement

aims to stengthen the global response to the treat of climate change by holding the increase in the global
temperature to well below 2°C above {imdustrial levels and to pursue efforts to limit the temperature
increase to 1.5 °C above gradustrial levels, recagzing that this would significantly reduce the risks and
impact of climate change. In order to achieve this {tmmgh temperature goal, Parties aim to reach global
peaking of GHG emissions as soon as possible and undertake rapid reductions so aset@ dudiswce
between anthropogenic emissions by sources and removals by sinks in the second half of this century. Each
Party shall prepare, communicate and maintain successive nationally determined contributions that it intends
to achieveOn 5 October 201&he threshold for entry into force of the Paris Agreement was achfated

least 55 Parties to the Convention accounting in total for at least an estimated 55 percent of theabtal glob
greenhouse gas emissions, whgre o t a | gl obal OMe é&n me an s-toglaemmanmis $ s iu
communicated on or before the date of adoption oAtlreement The Paris Agreement entered into force

on 4 November 2016.
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To fulfil the gap20132 0 2 0, the 6Doha Amendment t on8DOeembdly ot o
2012. The amendment includes:

1 New commitments for Annex | Parties to the Kyoto Protocol who agreed to take on commi
in a second commitment period from 1 January 2013 to 31 December 2020;

1 A revised list of greenhouse gases (GHG) to be repantedly Parties in the second commitm
period; and

1 Amendments to several articles of the Kyoto Protocol which specifically referenced
pertaining to the first commitment period and which needed to be updated for the
commitment period.

During the second commitment period, Parties committed to reduce GHG emissions by at least 18 percent
below 1990 levels in the eigiear period from 2013 to 2020; however, the composition of Parties in the
second commitment period is different from the first.

The EU and its Member States have committethis second phase of the Kyoto Protocol asi@blishedo
reduce their collective emissions to 20% below their level®980lor other chosen base years; this is also
reflected in the Doha Amendmeiithetarget will be fulfilled jointly with Iceland.
In I'ine with the Councildéds concl usi onvemberfSta®stiMar c h
take on an 8% target under the second commitment period, the emission levels of the Member 8tates ar
equal to the sum of the annual emission allocati&A) for the period 2012020 determined pursuant to
Decision No 406/2009/EC of the European Parliament and of the Council. That amount, based on global
warming potential values from the Fourth AssessirReport of the Intergovernmental Panel on Climate
Change, was determined under Annex Il to Commission Decision 2013/16an8Uadjusted by
Commission Implementing Decisiei2013/634/EUand2017/1471/EU The emission level for Iceland was
determined inle Agreement with Iceland.
Member States are allowed certaiexibility in meeting their AEAs: verachievement in a given year can be
carried over to subsequent years, up to 262d & emission allocation of up to 5% during 26319 may
be carried forward from the following yedArticle 3.2 of the Decision). Moreover,udng 20132019
Member States may transfpart of their AEA for a given year to other Member States under certain
conditions (Articles 3.4 and 3.5nd nternational creditsan be used under certain quantitative and
gualtative conditions (Article 5). In complying with the commitments of Bifort Sharing Decisionltaly
used the flexibility of carrying over the surplus of AEAs for the years 2013, 2014 and 2015. In tite peri
20132017 Italy made no use of project credits and performed no transfers of AEAs to other Member States,
therefore no specific information is reported according to Annex XIV and XV of Implementing Regulation
2014/749/EU.
The European Council adopted D8 July 2015 the legislation necessary for the European Union to formally
ratify the second commitment period of the Kyoto Protocol.
The Council adopted two decisions:

1 Council Decision on the ratification of the Doha amendment to the Kyoto Protocoiststapthe

second commitment period, and
1 Council Decision on the agreement between the EU, its Member States and Iceland, necessary for
the joint fulfilment of the second commitment period of the Kyoto Protocol.

In parallel with the ratification by the EWhe Member States and Iceland will be finalising their national
ratification processes. The EU, its Member States and Iceland are expected to simultaneously deposit their
respective instruments of acceptance with the UN in the coming months.

As a Partyto the Convention and the Kyoto Protocol, Italy is committed to develop, publish and regularly
update national emission inventories as well as formulate and implement programmes to reduce these
emissions.In order to establish compliance with national antérnational commitmentsair emission
inventories are compiled and communicated annually to the competent institutions.

Specifically, the national GHG emission inventory is communicated through compilation of the Common
Reporting Format (CRF), accordinto the guidelines provided by the United Nations Framework
Convention on Climate Change and the European Uni
1997; IPCC, 2000; IPCC, 2003; IPCC, 200%CC, 2014EMEP/CORINAIR, 2007 EMEP/EEA, 2016).

The nventory is updated annually in order to reflect revisions and improvements in methodology and
availability of new information. Recalculations are applied retrospectively to earlier years, which account for
any difference in previously published data.
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The submission also provides for detailed information on emission figures and estimation methodologies in
the annual National Inventory Report.

As follows, this report is compiled according to the guidelines on reporting as specified in the document
FCCC/CP2013/10/Add.3Decision 24/CP.19An analysis of the 2® Italian GHG emission inventory, and

a revision of the entire time seri#®m 199Q communicated in the framework of the annual submission
under the Climate Change Convention and the Kftatoco] is provided in the documenit is also the

annual submission to the European Commission in the framework of the Greenhouse Gas Monitoring
Mechanism.

Concerning the reporting and accounting requiremantder the KP CP2 each Pagyequiredto submit a

report, the initial report, to facilitate the calculation of its assigned anasuhto demonstrate its capacity to
account for its emissions and assigned amount (UNFCC Decision 2/CMP.8). The ratification decision allows
a joint initial reportof the EU, its Member States and Iceland, to be prepared by the European Commission,
and individual initial reports of each Member States and Iceland.

In its Initial Report, Italyspecified itsnational assigned amount as well as the commitment peried/ees

The election of cropland and grazing land management activities under Article 3, paragraph 4, of the Kyoto
Protocol for the commitment period 262820 is indicated in the same document.

Emission estimates comprise thix direct greenhouse gasender the Kyoto Protocol (carbon dioxide,
methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, sulphur hexaflyduisielfrogen trifluoride

(NFs) which contribute directly to climate change owing to their positive radiative forcing effect and fo
indirect greenhouse gases (nitrogen oxides, carbon monoxidenetbane volatile organic compounds,
sulphur dioxide).

The CREF files, the national inventory reports and other related documents are available at the address
http://www.sinanet.isprambiente.it/it/sispra/seriestoricheemissioni

Information on accounts, legal entities, Art.6 projects, holdings and transactions is publicly available at
http://www.info-ets.isprambiente.it/index.php?p=publicinfo

The internet address of the Italian registry is:
https://etsregistry.webgate.ec.europa.eu/euregistry/IT/index.xhtmi

The official inventory submissions can also be found at the UNFCCC website
https://unfccc.int/ghgnventoriesannexi-parties/2020

The presendocumentis the official submission, for the year ZI) under the UNFCCC and the Kyoto
Protocol.

1.2 Description of theinstitutional arrangement for inventory preparation

1.2.1 National Inventory System

The National System for the Italian Greenhouse Gas Inventory was established by the Legislative Decree 51
of March 7" 2008 and confirmed by the Legislative Decree 30 of Magh2013.

Article 5.1 of the Kyoto Protocol established tihainex | Partieshouldhave in place a National System
sincethe end of 2006 for estimating anthropogenic greenhouse gas emissions by sources and removals by
sinks and for reporting and archig inventory information according to the guidelines specified in the
UNFCCC Decision 20/COP.7his decision is updated by Decision 24/CP19, which calling the system
national inventory arrangements does not change the basic requests of functionalitgrabdity.

In addition, the Decision of the European Parliament and of the Council concerning a mechanism for
monitoring Community greenhouse gasiissions EC, 2004 requiredthat Member States establgha

national greenhouse gas inventory syssemee the end of 2005 at the latest and that the Commission adopts
the ECOs i nsinee3dJane 20066 y st em

The ONational Registry for Car bonsApril 2008sidpartof thest i t u
Italian National System and includes information on lands sutgexttivities under Article 3.3 and Atrticle

3.4 and related carbon stock chandesagreement with the Ministerial decree art.4, the Ministry for the
Environment,Land and Sea is responsible for the management dfldtienal Registry for Carbon sinks
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The Decree also provides that ISPRA andftrener State ForestnBervice now Carabinieri Forestalare
involved by the Ministry as technical scientific suppornt &pecific activities as defined in the relevant
protocol. ISPRA is responsible for the preparation of emission and removals estimates for the LULUCF
sectorand for KP LULUCF supplementary information under art.7.1 of the Kyoto ProtBothbwing an

updae of the abovementioned Ministerial Decree, in 2013, the Institute for Services on Agricultural and
Agro-food Market (ISMEA) has been designated for the technical coordination of the section related to
cropland and grazing land management of the NatiReglstry of Carbon Sinks.

The National Registry for Carbon sinks is the instrument to estifiaditaying the COP/MOP decisions and

in accordance with the IPCC guidelinds greenhouse gases emissions by sources and remosikbyn

the land subjedo art. 3.3 and art. 3.4 activities the Kyoto Protocoand to account for the net removals in
order to allow the Italian Registry to issue tmerespondingmount of RMUs

Detailed information on the Registry is included in Annex 10, whereas additrdormation onactivities

under Article 3.3 and Article 3.df the Kyoto Protocois reported in paragraph 1.2.2

Moreover, in the contextf the Kyoto Protocol commime nt s and its amendment (
the second Commitment Peri¢20132 0 2 0 ) , ltaly adopted, in 2016, tr
t he Doha amendment to the Kyoto Protocol o0, whi ch

Monitoring Mechanism Regulation), the National system for policies, meaantesmissions projections.
ISPRA is also responsible of this system and, in cooperation with IMELS, collects all the information and
data from the competent Ministries. Article 1 of the Decree implementing law N."7De@mber 2016),
reports the list binformation and data that are to be sent by the competent ministries to IMELS and ISPRA
and also the timing for providing such informatiddith the establishment of thisystem, there has been a
strendghening of roles and obligations for statisticaladdbw, some of which are useful for the inventory
scope.

The Italian NationaBy st em, currently in place, is fully desc
Inventory Syst}d i n I talydé (1 SPRA, 2018) . Nsobmisdioa ocgueesd inwi t h
the National Sysm.

A summarypicture is reported herebelow.

As indicated by art. 14 bis of the Legislative Decree, the Institute for Environmental Protection and Research
(ISPRA), former Agency for Environmental Protectimmd Tehnical Services (APAT)s the single entity

in charge of the preparation and compilation of the national greenhouse gas emission inventory. The
Ministry for the Environment, Land and Sea is responsible for the endorsement of the inventory and for the
communication to the Secretariat of the Framework Convention on Climate Change and the Kyoto Protocol.
The inventory is also submitted to the European Commission in the framework of the Greenhouse Gas
Monitoring Mechanism.

The Institute prepares a documevttich describes thaational systenincludingall updated information on
institutional, legal and procedural arrangements for estimating emissions and removals of greenhouse gases
and for reporting and archiving inventory informatidime document is updatedhen there is the need to
describe an annual change occurred in the syst@ime reports are publicly available at
http://www.sinanet.isprambiente.it/it/sispra/sem-storicheemissioni

A specific unit of the Institute is responsible fttre compilation ofthe Italian Atmospheric Emission
Inventory and the Italian Greenhouse Gas Invernitothie framework of the Convention on Climate Change

and the Convention on Long Range Transboundary Air Pollufiba.whole inventory is compiled by the
Institute

ISPRA is responsible fathe general administration of the inventory atidaspectselated to its preparation
reporting and quality management. Activities include the collection and processing of data from different
data sources, the selection of appropriatéssions factors and estimation methods consistent with the IPCC
Guidelines, thecompilation of the inventory following the QA/QC procedures, the assessment of
uncertainty, the preparation of the National Inventory Report and the reporting through theoComm
Reporting Format, the response to the review process, the updating and data storage.

1ISMEA is a public body, providing support to public and private sector. According to DPR 31 March 2001, n. 200, ISMEA is part
of the National Statistical SysteimSISTAN and of théNational Agricultural Information SysteinSIAN.
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Scientific and technical institutions and consultants tm@yengaged for ad hoc studies and researches aimed
at improvingboth activity data and emission factaas ountry level, for somspecific activities.

Also there areifferent institutions responsible for statistical basiormationand data publication, primary

to ISPRA for carrying out estimates. These institutions are part of the National Statistieah $$#tan),

which periodically providesofficial statisticsat national levelmoreover,the National Statistical System
ensures the homogeneity of the methods used for official statistics through a coordination plan, involving the
entire public adminisétion at central, regional and local levels.

The National Statistical System is coordinated by the Italian National Institute of Statistics (JDTAEr)

bodies, joining the National Statistical System, are the statistical offices of ministries, nagienales,

regions and autonomous provinces, provinces, municipalities, research institutes, chambers of commerce,
local governmental offices, some private agencies and private subjects who have specific characteristics
determined by law.

The ltalian stasitical system was instituted o' Geptember 1989 by the Legislative Decree n. 322/89,
which established guidingrinciples and criteria for reforming public statistics. This decree addresses to all
public statistical bodies and agencies which provideiaffstatistics both at local, national and international

level in order to assure homogeneity of the methods and comparability of the results. To this end, a national
statistical plan which defines surveys, data elaborations and project studies feeyednrperiodwas
established te drawn up and updated annuallihe procedures to be followed with relation to the annual
fulfilment as well as the forms to be filled in for census, data elaborations and projects, and how to deal with
sensitive informaon werealso defined.

The plan is deliberated by the Committee for addressing and coordinating statistical information (Comstat)
and forwarded to the Commission for the assurance of statistical information; the Commission adopts the
plan after endorsemeof the Guarantor of the privacy of personal data.

Finally, the plan is approved by a Prime Ministerial Decree after consideration of the Interministerial
Committee for economic planning (Cip@he latest Prime Ministerial Decree approved the tiyese plan

for 20172019, updated for 2018 and 2019 (GU Serie Generale n.66, 20/03/804.&st plan for 2020

2022 has been approved and is under the process of official publicidistical information and results
deriving from the completion of the g are of public domain and the system is responsible for wide
circulation.

Ministries, public agencies and other bodies are obliged to provide the data and information specified in the
annual statistical plan; the same obligations regard the privateegnill the data are protected by the
principles of statistical disclosure control and can be distributed and communicated only at aggregate level
even though microdata can circulate among the subjects of the Statistical System.

Sistan activity is supeised by the Commission for Guaranteeing Statistical Information (CGIS) which is an
external and independent body. In particular, the Commission supervises: the impartiality and completeness
of statistical information, the quality of methodologies, the gliance of surveys with EU and international
directives. The Commission, established within the Presidency of the Council of Ministers, is composed of
high-profile university professors, directors of statistical or research institutes and managers ©f publi
administrations and bodies, which do not participate at Sistan.

The main Sistan products, which are primarily necessary for the inventory compilation, are:
9 National Statistical Yearbooks, Monthly Statistical Bulletins, by ISTAT (Natidnatitute of
Statistics);
1 Annual Report on the Energy and Environment, by ENEA (Agency for New Technologies, Energy
and the Environment);
1 National Energy Balance (annual), Petrochemical Bulletin (quarterly publication), by MSE (Ministry
of Economic Develpment);
Transmrt Statistics Yearbooks, by MI(Ministry of Transportation);
Annual Statistics on Electrical Energy in Italy, by TERNA (National Independent System Operator);
Annual Report on Wastd)y ISPRA,;
National Foestry Inventory,byi Car abi ni ér i Forestalio
The national emission inventoryassoa Sistan product.

= =4 =8 =9

2 http://www.carabinieri.it/arma/oggi/organizzazione/organizzaziosd a-tutelaforestaleambientales-agroalimentare
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Other information and data sources are used to carry out emission estimates, which are generally referred to
in Table 1.1 of the followingection 1.4

1.2.2 Institutional arrangement for reporting under Article 3, paragraphs 3 and 4 of Kyoto
Protocol

The O6National R e g,iinstitutedyby d Minister@lDedree oft April 2008 sdpart of the

Italian National Systemln 2009 atechnical group, formed by experts from different institutions (ISPRA,
Ministry of the Environment, Land and Sea, Ministry of Agriculture, Food and Forest Policies and
University of Tuscia), set up the methodological plan of the activities necessarplémiemt the registry

and defined the relative fundingeveral activities have been implemented and carried out; in particular IUTI
(inventory of land use, see Annex 1@s been completed, resulting in land use classification, for all national
territory, for the years 1990, 200@008 and2012. For 2012, land use and land use changes data were
assessed through the survey on a IUTI's subgrid. Verification and validation activities have been undertaken
and the resulting time series have been dised with the institutions involved in the data providing; details

are provided in paragraph @ahd in the Annex 10

Italy has elected cropland management (CM) and grazing land management (GM) as additional activities
under Article 3.4. Following Decisioy CMP.7, in the second commitment perfodest management (FM)

is amandabry activity under Article 3.4

The description of the main elements of the institutional arrangeuneler Article 3.3 and activities elected
under Article 3.4s detailed in Anne 10.

Italy selectedo account for Article 3.3 and 3.4 elected activitiehatend of the commitmeperiod

1.2.3 National Registry System

In March 2006 Italy startedperating a national registry under Article 19 of Directive 2003/87/EC of the
EuropeanCommission establishing the European Emission Tra8iclieme (EU ETS). This registry sva
conceived for the administration of emissions allowances allocated to operatmipgtarg to the EU ETS
and it wasdeveloped according to the UN Data Exchange datads document. As a consequence, in
October 2008, aftaheinitialization process and a diwe phase with the UNFCCC, the registry established
under Drective 2003/87/CE becampart of the Kyoto system of registries, ensuring the precise traoking
hadings, issuances, transfers, cancellations and retirements of Kyoto units.

In 2012 all national registries of the EU Member States as well as the national registries of Norway,

Liechtenstein and Icelandere groupedn a single central software system maged by the European

Commission.The Consolidated System of European Registries, in short CSEBER developed together

with the new EU registry on the basis the following modalities:

1. Each Party retains its organization designated as its registry adaiiisto maintain the national
registry of that Party and remains responsible for all the obligations of Parties that are to be fulfilled
through registries;

2. Each Kyoto unit issued by the Parties in such a consolidated system is issued by one of tbhentonsti
Parties and continues to carry the Party of origin identifier in its unique serial number;

3. Each Party retains its own set of national accounts as required by paragraph 21 of the Annex to Decision
15/CMP.1. Each account within a national registry keapunique account number comprising the
identifier of the Party and a unique number within the Party where the account is maintained;

4. Kyoto transactions continue to be forwarded to and checked by the UNFCCC Independent Transaction
Log (ITL), which remainsesponsible for verifying the accuracy and validity of those transactions;

5. The transaction log and registries continue to reconcile their data with each other in order to ensure data
consistency and facilitate the automated checks of the ITL;

6. Therequirements of paragraphs 44 to 48 of the Annex to Decision 13/CMP.1 concerning making non
confidential information accessible to the public is fulfilled by each Party through a publically available
web page hosted by the Union registry;

7. All registries reside on a consolidated IT platform sharing the same infrastructure technologies. The
chosen architecture implements modalities to ensure that the consolidated national registries are uniquely
identifiable, protected and distinguishable frorateather, notably:
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1 With regards to the data exchange, each national registry connects to the ITL directly and
establishes a secure communication link through a consolidated communication channel
(VPN tunnel);

1 The ITL remains responsible for authenticatthg national registries and takes the full and
final record of all transactions involving Kyoto units and other administrative processes such
that those actions cannot be disputed or repudiated;

1 With regards to the data storage, the consolidated platfontmaes to guarantee that data is
kept confidential and protected against unauthorized manipulation;

1 The data storage architecture also ensures that the data pertaining to a national registry are
distinguishable and uniquely identifiable from the datatgieing to other consolidated
national registries;

1 In addition, each consolidated national registry keeps a distinct user access entry point
(URL) and a distinct set of authorisation and configuration rules.

Following the successful im@nentation of theCSEUR the 28 national registries concerned were re
certified in June 2012 and switched over to their new national registry on 20 June 2012. Croatia was
migrated and consolidated as of 1 March 2013. During thivgqorocess, all relevant transaction and
holdings data were migrated to the Union registry platform and the individual connections to and from the
ITL were reestablished for each Party.

A complete description of the consolidated registigs beenprovided in the common readiness
documentatiorand specific readiness documentation for the national registry of the EU and all consolidating
national registries. This description includes:

Readiness questionnaire
Application logging

Change management procedure
Disaster recovery

Manual Irtervention

Operational Plan

Roles and responsibilities
Security Plan

Time Validation Plan

Version change Management

Too Too oo oo oo Too Too Too Too Too

The documents aboveve beemnnexed to the National Inventory Report submission for year 2013.

A new central service deslas beerset up to support the registry administrators of the consolidated system.
The new service desk acts as 2nd level of support to the local supporeprbyithe Parties. It also plays a
key communication role with the ITL Service Desk with regards notably to connectivity or reconciliation
issues.

With regards to the administration of the Registry, the Italian Government adopted Legislative Decree N. 30
of 13 March 2013 (eventually modified by Legislative Decree N. 111 of 12 July 2015) which enforces
European Directive 2009/29/EC amending Directive 2003/87/EC. According to this Decree ISPRA is
responsible for the administration of the national sectiothefUnion Registry and the Kyoto National
Registry; the Institute performs this task under the supervision of the national Competent Authority.
Legislative Decree 30/2013 also establishes that economic resources for the technical and administrative
supportof the Registry arsupplied to ISPRA by account holders paying a Tée amount of such a féas

been regulated by MinisteriBlecreeof 25" July 2016

ISPRA set up an operational unit for the administration of the National Registry. In the reperiiog
severpersons have been working for this unit in order to maintain the Registry:

9 1 chiefof the unit

30



1 4 employees in charge of Registry functions and operations, resolution of problems,
implementation in the Registry of deliberations of Competanthority, documents and
procedures arrangement, helpdesk and support to users, remetiogty issues

1 2employees dedicated to documentation archiving and some administrative tasks.

A description of the Italian registigystem is given in Annex 11.

Information on accounting of Kyoto Protocol units, including a summary of information reported in the
standard electronic format (SEF) tables is provided in Chapter 10, while information on changes in the
National Registry is reported in Chapter 12.

SEF ables including all data referring to units holdings and transactions during the year 2019 can be found
in Annex 8.

1.3 Brief description of the process of inventory preparation

ISPRA has established fruitful cooperation with a number of governmental and research institutions as well
as industrial associations, which helps improwimg accuracy of the estimatessoime leading categories of

the inventory These activities aim ahe improvement of provision and collection of basic data and emission
factors, through plargpecific data, and exchange of information on sciensifizliesand new sources.
Moreover,when in depth investigation is needed and a high uncertainty intiheats is presentSPRA

may commitspecific sectostudiesto ad hoc research teams or consultants.

The final aim is for ISPRA to improve the implementation of country specific methodologies and use of
national emission factors and parameters.

ISPRA al® coordinates with different national and regional authorities and private institutions for the cross
checking of parameters and estimates as well as with ad hoc expert panels in order to improve the
completeness and transparency of the inventory.

The man basic data needed for the preparation of the GHG inventory are energy statistics published by the
Ministry of Economic Development Activities (MSE) in the National Energy Balance (BEN), statistics on
industrial and agricultural production published hg National Institute of Statistics (ISTAT), statistics on
transportation provided by the Ministry of Transportation (MIT), and data supplied directly by the relevant
professional associations.

Emission factors and methodologies used in the estimatioegg@re consistent with the IP@Tidelines

and supported by national experiences and circumstances.

In addition to a new year, the entire time series from 1990 is checked and revised during the annual
compilation of the inventory in order to meet thguigements of transparency, consistency, comparability,
completeness and accuracy of the inventory. Measures to guarantee and improve these qualifications are
undertaken and recalculations should be considered as a contribution to the overall improvament o
inventory.

In particular, recalculations are elaborated on account of changes in the methodologies used to carry out
emission estimates, changes due to different allocation of emissions as compared to previous submissions
and changes due to errorrxtions. The inventory may also be expanded by including categories not
previously estimated if sufficient information on activity data and suitable emission factors have been
identified and collected.

Information on the major recalculations is providary year in the sectoral and general chapters of the
national inventory reports.

In Figure 1.1 the most important steps to guarantee the continous improvement of the national GHG
emission inventory are outlined.

31



N

4. Inventory improvement . Planning
Quality objectivesneeting - Settingquality objectives

Elaboration ofQA/QC plan

- Defining processes and resources
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- Evaluation of effectiveness of the inventor
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- Assessing issues to be subject to furtl
improvements

Selecting methods and emission factors

Continuous improvement

2. Preparation

3. Inventory evaluation Collecting activity data

- Implementing QA activities
Internal audits - Updating emission factors

Independent reviews - Estimating GHG emissions and removals

- Verification - Implementing QC checks
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oilatior _ Reporting After eaczh
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sentory
compilationyear.

Technical reports and emission figures are publicdyailable on website at the address
http://www.sinanetdprambiente.it/it/sidspra/seriestoricheemissioni

1.4  Brief general description of methodologies and data sources used

A detailed description of methodologies and data sources used in the preparation of the emission inventory
for each sector is outlindd the relevant chapters. In Table ,Jalsummary of the activity data and sources
used in the inventory compilation is reported.

Methodologies areonsistent with théPCC Guidelinesand EMEP/EEA Guidebook8PCC, 1997; IPCC,

2006; IPCC, 2000; IPCC, 2860EMEPLCORINAIR, 2007 EMEP/EEA, 2016 EMEP/EEA, 201} national
emission factors are used as well as default emission factors from international guidebooks, when national
data are not available. The development of national methodologies is suppdrezk@sound documents.

In Table 1.2a summary of the methods and emission factors used in the compilation of the Italian inventory

is reported. A more detailed table, describing methods and emission factors for the key categories of the
national inventory for 2(8, is included in Annex 9.
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Table 1.1 Main activity data and sources for the Italian Emission Inventory

SECTOR ACTIVITY DATA SOURCE

1 Energy

1A1 Energy Industries Fuel use Energy Balance - Ministry of Economic Development
Major national electricity producers
European Emissions Trading Scheme

1A2 Manufacturing Industries Fuel use Energy Balance - Ministry of Economic Development

and Construction Major National Industry Corporation

European Emissions Trading Scheme

1A3 Transport Fuel use Energy Balance - Ministry of Economic Development

Number of vehicles
Aircraft landing and take-of]
cycles and maritime activiti

Statistical Yearbooks - National Statistical System
Statistical Yearbooks - Ministry of Transportation

Statistical Yearbooks - Italian Civil Aviation Authority (ENAC)
Maritime and Airport local authorities

1A4 Residential-public-commercial sect

Fuel use

Energy Balance - Ministry of Economic Development

1B Fugitive Emissions from Fuel

Amount of fuel treated,
stored, distributed

Energy Balance - Ministry of Economic Development
Statistical Yearbooks - Ministry of Transportation
Major National Industry Corporation

2 Industrial Processes and Product Use

Production data

National Statistical Yearbooks- National Institute of Statistics
International Statistical Yearbooks-UN

European Emissions Trading Scheme

European Pollutant Release and Transfer Register

Sectoral Industrial Associations

3 Agriculture

Agricultural surfaces
Production data
Number of animals
Fertiliser consumption

Agriculture Statistical Yearbooks - National Institute of Statistics
Sectoral Agriculture Associations

4 Land Use, Land Use Change
and Forestry

Forest area, biomass
increment and stock
Biomass burnt

National Forestry Service (CFS) - National and Regional Forestry In
Statistical Yearbooks - National Institute of Statistics
Universities and Research Institutes

5 Waste

Amount of waste

National Waste Cadastre - Institute for Environmental Protection and
Research , National Waste Observatory
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Table 1.2Methods and emission factors used in the inventory preparation

SUMMARY 3 SUMMARY REPORT FOR METHODS AND EMISSION FACTORS USED

GREENHOUSE GAS SOURCE AND co. CH N,O Unspecified mix of
SINK z ‘ : HFCs and PFCs
CATEGORIES . - Method L Method Emission Emission | Method | Emission | Method | Emission Emission | Method | Emission
Method applied | Emission factor| " Emission factor| "
applied applied factor factor factor
1. Energy T1,72,79 CS,DM T1,72T3  CRCSD, T1,T2,73
A. Fuel combustion T1,72,73 csMm T1,72,73 CR,D.M| T1,T2,73
1. Energy industries T3] cs| T3] CR,D| 73|
2. Manufacturing industries
and { T2 C§ T2 CR,D| T2]
3. Transport T1,72| csM| T1,72,73 CRM| T1,72,79
4. Other sectors T2 cs| T2 CR| T2|
& @i 2 cs T2 cR T2)
B. Fugitive emissions from fuels T1,72| cs.ol 71,72 cr.cs.O 11
1. Solid fuels 71,72 CR.D|
2. Oiland natural gas T1.72| cs. T1.72|

C. CQ, transport and storage

2. Industrial processes CR,CS,T1,T2,T8 CR,CS,D,M,P:
A Mineral industry T2 CS,P9

B. Chemical industry T2,73] CR,P§

C. Metal industry T2) CR.CS.P D csp
D. Non-energy products from fuels|
and solvent use

CR,CS,T1,T2 CR,CS.D,M,P:

E. Electronic industry T2| cs| T2| cs| T2| cs| cs P9 T2 cs

F. Product uses as ODS substituts T2| Cs.D,P

G. Other product manufacture and|
use

H. Other

3. Agriculture

A. Enteric fermentation

B. Manure management

C. Rice cultivation

D. Agricultural soil§”

E. Prescribed burning of savannas

F. Field burning of agricultural residues

G. Liming

H. Urea application

1. Other carbon-containing fertiizers

J. Other

4. Land use, land-use change and

forestry T1,72.73

A. Forest land T1,72,73 cs,n

8. Cropland T1,72) cs.n

C. Grassland T1,12,73 cs.n

D. Wetlands T1

E. Settlements T1

F. Other land

G. Harvested wood products T2l C:

H. Other

5. Waste D,T1] csp D,T1,T2)
A. Solid waste disposal T2|

B. Biological treatment of solid waste

C. Incineration and open burning of wagte
D,T1] ! D,T1]

D. Waste water treatment and discharg T

E. Other

6. Other (as specified in summary 1.A)| ‘ |

Use the following notation keys to specify the method applied:

D (IPCC default) Tla, T1b, T1c(IPCC Tier 1a, Tier 1b and Tier 1c, respectively) CR (CORINAIR) M (model)
RA (Reference Approach) T2 (IPCC Tier 2) CS (Country Specific)
T1 (IPCC Tier 1) T3 (IPCC Tier 3) OTH (Other)

If using more than one method within one source category, list all the relevant methods. Explanations regarding country-specific methods, other methods or any modifications to the default IPCC methods, as v
regarding the use of different methods per source category where more than one method is indicated, should be provided in the documentation box. Also use the documentation box to explain the use of notat

Use the following notation keys to specify the emission factor used:
D (IPCC default) CS (Country Specific) OTH (Other)
CR (CORINAIR) PS (Plant Specific) M (model)

Where a mix of emission factors has been used, list all the methods in the relevant cells and give further explanations in the documentation box. Also use the documentation box to explain the use of notation C

Activity data used in emission calculations and their sources are briefly describéelbere

In general, for the energy sector, basic statistics for estimating emissions are fuel conswprnptidadin

the Energy Balance by the Ministry of Economic Development. Additional information for electricity
production issupplied by the major ational electricity producers and by the major national industry
corporation. On the other hand, basic information for road transport, maritime and aviation, such as the
number of vehicles, harbour statistics and aircraft landing aneofékgcles argublished by the National
Institute of Statistics and the Ministry of Transportatiorthe relevanstatistical yearbooks. Other data are
communicated by different category associations.
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In the last years, a lot of information on productions, fuel condomgtemission factors and emissions in
specificenergy and industrial sub sectisobtained from data collected by operatorglerthe European
Emissions Trading Scheme (ETS).

To implement the European Directive 2003(&U, 2003), amended by Directive 2009/29/EC (EU, 2009)
establishing the EU ETS, Itglpccording td_egislative Decree n. 216/20@begislative Decreg2006)and
Legidative Decree n. 51/2008 (MATTM, 20Q8¢stalished the national registrgnd the national ETS
commitee The criteria of dataeporting are defined by Decision 2007/589/(€C, 2007),Monitoring and
Reporting Guidelies for GHG emissions under ET&)d adopted at national level by Deliberation of the
national ETS Committee n. 14/PO(MATTM, 2009).

In compliance with th@bovementionedegislations independentertificatiors andverificatiors of activity

datga emission data and emission factars requiredAt national level, data verification k& be carried out

by verifiers accredited by the national ETS Committee according tite ministerial decree
DEC/RAS/115/2006. The verification of data submissions ensures reliability, credibility, and
precision/accuracy of monitoring systems for data anydsformation relating emissions by plant.

Data from the Italian Emissions Trading Scheme database are incorporated into the national inventory
whenever the sectoral coverage is complete; in fact, ETSndatalwaysentirely cover energy categories
whereas national statistics, suchtlsnational energy balance and the energy production and consumption
statistics, provide the complete basic data needed for the Italian emission inventory. Nevertheless, ETS data
areentirely used to develop countgpecific emission factors and check activity data levels.

For the industrial sector, the annual production data are provided by nammaksand international
statistical yearbooksuch aghe FAO database on food bate.

Emission data collected through the National PolluRelease and Transf®egister are also used in the
development of emission estimates or taken into account as a verification of emission estimates for some
specific categories. According to thallan Decree of 23 November 2001, datporting period 2002006)

included in theltalian pollutant emissions registevere validatedby competent authorities within 30 June

each yeaand communicated by ISPRA to the Ministry for the Environment, LaddSeaevery yeamand to

the European Commissi@very three years according to EC Decision 2000(#¥8 reporting cycles: data

related to 2002 and 2004 were reported respectively in 2003 and in 2006). Since 2008 the national pollutant
emissions registdras been replaced by the national pollutant release and transfer register (the Italian PRTR)
to comply with Regulation EC n.166/2006; datee collected annually at facility level and semaifter
validation by competent authorities to European Commissiihin 31 March every year for data referring

to the previous yeaiThese data are used for the compilation of the inventory whenever they are complete in
terms of sectoral information; in fact, industries communicate figures only if they exceed shee#fimtds;
furthermore, basic data such as fuel consumption are not supplied and production datalaeyssplit by

product but reported as an oveffgure. In any casgthe ItalianPRTR is a good basis for data checks and a

way to facilitate contae with industries which, in many cases, supply, under request, additional information
as necessary for carrying out sectoral emission estimates.

In addition, final emissions are checked and verified also taking into account figures reported by industries
their annual environmental reports.

Both for energy and industrial processes, emissions of large industrial point sources are registered
individually; communication also takes place in the framework of the European Directive on Large
Combustion Plants, based upon detailed information sucHuels consumption. Other small plants
voluntarily communicate their emissions which are also considered individ&alysolvents, the amount of
solvent use is provided by environmental publications of s#ldtwiustries and associations.

ISPRA directly collects data from the industrial associations under the ETS and other European directives,
Large Combustion Plant and PRTR, and makes use of these data in the preparation of the national inventory
ensuring the consistency of time series.

For the other geors, i.e.for agriculture, annual production data and number of animals are provided by the
National Institute of Statistics and other sectoral associations.

For land use, land use change and forestry, faresisarederived from national forest inveariesprovided

by the Ministry of Agriculture, Food and Forest Polici@dational Forest Service); the National Forest
Service is also the provider of official statistics related to the areas subject to fires.

For waste, the main activity data are pomd by the Institute for Environmental Protection and Rebke

and the Waste Observatory.
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Unpublished dataare used only if supported by personal communication and confidentiality of data is
respected.

As for datadisclosure the inventory team is obligeih ensure confidentiality of sensitive informatibg
legislation when data are communicated under specific directivesrdidentiality isrequestd by data
providers In the case of data collectiomnderthe ETS,E-PRTR, large combustion plastand otler
directives the databasef the complete informatiotis availableonly to a specific group foauthorised
persons which has the legal responsibility for the respect of confidenialitys In other casg each expert

is responsible fothe datareceived and confidentiality In any case, all data are placed on a password
protected ecess environment at ISPRA and available only to authorised expédrésroféntory team.

All the material and documentsed for theinventory estimation processe stored at the Institute for
Environmental Protection and Researglttivity data and emission factors as well as methodologies are
referenced to their data sour ces. andl usédoeéntreaseghec e 0
transparency of the inventory.

1.5  Brief description of key categories

A key category analysis of the Italian inventory is carried out according tapjeachl andApproach 2

described in the006IPCC Guidelines (IPCC, 2006).

Following the IPCC guidelines, a key category is defined as an emission category that hasfieasign
influence on a countryds GHG inventory in terms o
or both. Key categories are those which, when summed together in descending order of magnitude, add up to
over 95% of the total emissions 90% of total uncertainty

National emissions have been disaggregated into the categories proposed in the IPCC guidelines; other
categories have been added to reflect specific national circumstances. Both level and trend analysis have
been applied to thiast submitted inventory; a key category analysis has also been carried out for the base
year emission levels.

For the base yeaP7 sources were individuated implementing Approach 1, wherfg@as®ces were carried

out by Approach 2. Including the LULUCF in the analysiécategories were selected by Appch 1 and

35 by Approach 2. Thdescription of these categories is shown in Table 1.3 and Tablel.4.
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Table 1.3 Key categories (excluding LULUCF) by the IPCC Approach 1 and Approach 2. Base year

Key categories (excluding the LULUCF sector)

1.A1
1.A1
1.A1
1.A2
1.A2
1.A2
1.A2
1.A3.b
1.A3.b
1.A.3d
1.A3.b

1.AA4

1.A4

1.A4

1.A4
1.B.2.b
1.B.2.a

1.B.2d
1.B.2.c
2.A1
2.A2
2.A4
2.B.1
2.B.2
2.B.3
2.B.9
2C1
2.C3
2.D
3.A1
3.A2
3.A2
3.C4
3.C5
5A
5D
5.D

Energy industries CO2 gaseous fuels

Energy industries CO2 liquid fuels

Energy industries CO2 solid fuels

Manufacturing industries and constructioBO2 gaseous fuels
Manufacturing industries and constructio802 liquid fuels
Manufacturing industries and constructioBO2 solid fuels
Manufacturing industries and constructioN20 liquid fuels
Transport CH4 Road transportation

Transport CO2 Road transportation

Transport CO2 Waterborne navigation

Transport N20O Road transportation

Other sectors- CH4 commercial, residential, agricultu
biomass

Other sectors- CO2 commercial, residential, agricultu
gaseous fuels

Other sectors CO2 commercial, residential, agriculture liqu
fuels

Other sectors N20 commercial, residential, agriculture ligu
fuels

Fugitive - CH4 Oil and natural gasNatural gas

Fugitive - CO2 Oil andnatural gas Oll
Fugitive - CO2 Oil and natural gas Other - flaring in
refineries

Fugitive - CO2 Qil and natural gasventing and flaring
Mineral industry CO2 Cement production

Mineral industry CO2Lime production

Mineral industry CO2 Other processes uses of carbonates
Chemical industryCO2 Ammonia production
Chemical industryN20 Nitric acid production
Chemical industryN20 Adipic acid production
Chemical industryPFCs Fluorochemical production
Metal industry CO2 Iron and steel production

Metal industry PFCs Aluminium production
Non-Energy products from Fuels and Solvent U2
EntericFermentationCH4

Manure ManagementCH4

Manure ManagementN20

Direct N20O Emissions from Managed soils

Indirect N20O Emissions from Managed soils

Solid waste disposalCH4

Wastewater treatment adécharge CH4

Wastewater treatment and dischargd2O

rr O -

-

2

L1
L2

L2

L2

L1

L2
L2

L1 = level key category by Approadh

T1 = trend key category by Approach 1

L2 = level key category by Approach 2

T2 = trend key category by Approach 2

L =level key category by Approach 1 and
Approach 2

T =trend key category by Approach 1 and
Approach 2
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Table 1.4 Key categories (including LULUCF) by the IPCCApproach 1 and Approach?2. Base year

1.A1
1.A1
1.A1
1.A2
1.A2
1.A2
1.A2
1.A3.b
1.A3d
1.AA4

1.AA4

1.AA4

1.A.4
1.B.2.b
1.B.2.a
1.B.2.c
2.A.1
2.A.2
2.A4
2.B.1
2.B.2
2.B.3
2.B.9
2.C.1
2.C.3
2.D
3.A1
3.A2
3.A2
3.C4
3.C5
3.C.7
4.A1
4.B.1
4.A2
4.B.2
4.C.1
4.C1
4.C.2
4.E.2
4.E.2
5A
5D
5.D

Energy industries CO2 gaseous fuels

Energy industries CO2 liquid fuels

Energy industries CO2 solid fuels

Manufacturing industries and constructioB0O2 gaseous fuels
Manufacturing industries and constructio802 liquid fuels
Manufacturing industries and constructio802 solid fuels
Manufacturing industries and constructioN20 liquid fuels
Transport CO2 Road transportation

Transport CO2 Waterborne navigation

Other sectors CH4 commercial, residential, agriculture bioma
Other sectors CO2 commercial, residential, agriculture gase
fuels
Other sectors- CO2 commercial, residential, agriculture ligu
fuels
Other sectors N20 commercial, residential, agriculture ligu
fuels

Fugitive - CH4 Oil and natural gasNatural gas
Fugitive - CO2 Oil andnatural gas Oil

Fugitive - CO2 Oil and natural gasventing and flaring
Mineral industry CO2 Cement production

Mineral industry CO2 Lime production

Mineral industry CO2 Other processes usesafbonates
Chemical industryCO2 Ammonia production
Chemical industryN20O Nitric acid production
Chemical industryN20 Adipic acid production
Chemical industryPFCs Fluorochemical production
Metalindustry CO2 Iron and steel production
Metal industry PFCs Aluminium production
Non-Energy products from Fuels and Solvent U§©?2
Enteric FermentationCH4

Manure ManagementCH4

ManureManagement N20O

Direct N20O Emissions from Managed soils

Indirect N2O Emissions from Managed soils

Rice cultivations CH4

Forest Land remaining Forest Lan@02

Cropland Remaining CroplandCO2

Land Converted to Forest Lan€O2

Land Converted to CroplanrdCO2

Grassland Remaining GrasslandO2

Grassland Remaining GrasslandH4

Land Converted to Grasslan€O2

Land Converted t&ettlements CO2

Land Converted to Settlementsl20

Solid waste disposalCH4

Wastewater treatment and dischargzH4
Wastewater treatment and discharg62O

L
L
L
L
L
L

L2
L

L1
L2

L
L

L2
L

L1
L2
L

L1
L1
L1
L1
L

L2

L1 = level key category by Approach 1

T1 = trendkey category by Approach 1

L2 = level key category by Approach 2

T2 = trend key category by Approach 2

L =level key category by Approach 1 and
Approach 2

T =trend key category by Approach 1 and
Approach 2

Applying theanalysis to the 2@Linventory, without the LULUCF sectod5 key categories were totally
individuated, both at level and trend. Results are reported in Table 1.5.
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Table 1.5 Key categories (excluding LULUCF) by the IPCC Approach 1 and Approach 2. Ye&018

Key categories (excluding the LULUCF sector)

1.A1
1.A1
1.A1
1.A2
1.A2
1.A2
1.A2
1.A3.a
1.A3Db
1.A.3.b
1.A3d
1.A4
1.A4
1.A4
1.A4
1.A4
1.A4
1.A4
1.B.2.a
1.B.2.b
1.B.2.c
2.A.1
2.A.2
2.A4
2B.1
2.B.2
2.B.3
2.B.9
2.B.9
2C.1
2.C3
2.D

2F1

2.F.2

2.F.3
3.A1l
3.A2
3.A2
3.C4
3.C5
3.C.7
5A

5.D

5.D

Energy industries CO2 gaseous fuels

Energy industries CO2 liquid fuels

Energy industries CO2 solid fuels

Manufacturing industries and constructioB0O2 gaseous fuels
Manufacturing industries and constructio802 liquid fuels
Manufacturing industries and constructio80O2 solid fuels
Manufacturing industries and constructioN20 liquid fuels
Transport CO2 Civil Aviation

Transport CO2 Road transportation

Transport CH4 Road transportation

Transport CO2Waterborne navigation

Other sectors CH4 commercial, residential, agriculture biomass
Other sectors CO2 commercial, residential, agriculture gaseous fuels
Other sectors CO2 commercial, residentiagriculture liquid fuels
Other sectors CO2 commercial, residential, agriculture other fossil fuels
Other sectors CO2 commercial, residential, agriculture solid fuels
Other sectors N20 commercialresidential, agriculture biomass
Other sectors N20O commercial, residential, agriculture liquid fuels
Fugitive - CO2 Oil and natural gasQil

Fugitive - CH4 Oil and natural gasNatural gas

Fugitive - CO2 Qil and natural gasventing and flaring

Mineral industry CO2 Cement production

Mineral industry CO2 Lime production

Mineral industry CO2 Other processes uses of carbonates
Chemicalindustry CO2 Ammonia production

Chemical industryN20 Nitric acid production

Chemical industryN20 Adipic acid production

Chemical industryHFCs Fluorochemical production

Chemical industryPFCsFluorochemical production

Metal industry CO2 Iron and steel production

Metal industry PFCs Aluminium production

Non-Energy products from Fuels and Solvent U§#©?2

Product uses as substitutes for ozone depleting substaiEE€s
Refrigeration and Air conditioning

Product uses as substitutes for ozone depleting substaiE€s Foam
blowing agents

Product uses as substitutes for ozdapleting substanceHFCs Fire
protection

Enteric FermentaticnrCH4

Manure ManagementCH4

Manure ManagementN20

Direct N20O Emissions from Managed soils
Indirect N20O Emissions from Managed soils
Rice cultivations CH4

Solid waste disposalCH4

Wastewater treatment and dischargzH4
Wastewater treatment and dischardd2O

L, T
L, T
L, T1
L, T
L, T
L1, T
T2

L1, T1
L, T

T2
L1

L, T
L, T
L, T
L1, T
Tl

L1 = level key categoryApproach 1

T1 = trend key categorpproach 1

L2 = level keycategory Approach 2

T2 = trend key categorpproach 2

L = level key categoryApproach 1
andApproach 2

T = trend key categonApproach 1
andApproach 2

L2, T
L2
L1

L, T
T2

L, T
L1
Tl
Tl

T2
L2, T
T1

L2, T2

L, T

L2, T2

L1

L, T
L, T2
L2, T2

If considering emissions and removals from the LULUCF sed®key categories were individuated as
reported in Table 1.6.
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Table 1.6 Key categories (including LULUCF) by the IPCC Approach 1 and Approach 2. Year 2@1

Key categories (including the LULUCF sector)

1.A1
1.A1
1.A1
1.A2
1.A2
1.A3a
1.A.3.b
1.A3d
1.A4
1.A4
1.A4
1.A4
1.A4
1.A4
1.B.2.b
1.B.2.b
2.B.1
2.B.2
2.B.3
2.B.9
2.A.1
2.A.2
2.A4
2.C.1
2.C.3
2.D

2F1

2.F.2

2.F.3
3.A1l
3.A2
3.A2
3.C4
3.C5
3.C.7
4A1
4.A2
4B.2
4.C1
4.C1
4.C.2
4E.2
5A

5.D

5.D

Energy industries CO2 gaseous fuels

Energy industries CO2 liquid fuels

Energy industries CO2 solid fuels

Manufacturing industries and constructio802 liquid fuels
Manufacturing industries and constructio8O2 solid fuels
Transport CO2 Civil Aviation

Transport CO2 Road transportation

Transport CO2 Waterborne navigation

Other sectors CH4 commercial, residential, agriculture biomass
Other sectors CO2 commercial, residential, agriculture gaseous fuels
Other sectors CO2 commercial, residential, agriculture liquid fuels
Other sectors CO2 commercial, residential, agriculture other fossil fuels
Other sectors CO2 commercial, residential, agriculture solid fuels
Other sectors N20 commercial, residential, agriculture biomass
Fugitive - CH4 Oil and natural gasNatural gas

Fugitive - CO2 Oil and natural gasOll

Chemical industryCO2 Ammonia production

Chemical industryN20 Nitric acid production

Chemical industryN20 Adipic acid production

Chemical industryPFCs Fluorochemical production

Mineral industry CO2 Cement production

Mineral industry CO2 Limeproduction

Mineral industry CO2 Other processes uses of carbonates

Metal industry CO2 Iron and steel production

Metal industry PFCs Aluminium production

Non-Energy products from Fuels and Solvent U§#?2

Product uses as substitutes for ozone depleting substaiEE€s
Refrigeration and Air conditioning

Product uses as substitutes for ozone depleting substaiE€s Foam
blowing agents

Product uses as substitutes for ozondalieyy substancesHFCs Fire
protection

Enteric FermentaticnrCH4

Manure ManagementCH4

Manure ManagementN20

Direct N20O Emissions from Managed soils
Indirect N20O Emissions from Managedils
Rice cultivations CH4

Forest Land remaining Forest Lan@02
Land Converted to Forest Lan€CO2

Land Converted to CroplandCO2
Grassland Remaining GrasslandH4
Grassland Remaining GrasslandO2
Land Converted to Grasslan€€O2

Land Converted to Settlement€02

Solid waste disposalCH4

Wastewater treatment and dischargzH4
Wastewater treatment adécharge N20

L, T
L, T

L1, T
L1, T
L1, T1
L, T
L1

L, T
L, T
L, T
L1, T1
Tl

L2, T
L, T
L1

Tl

Tl

L2, T
L, T
L1
Tl
Tl

T

L2

L, T
T

L, T
L, T

L

L1

L, T2
L

L1

L, T
L, T
L2, T2
T2

L, T
L, T

L

L, T

L

L2, T2

L1 = level key categoryApproach 1
T1 = trend key categor@pproach 1
L2 = level key categoryApproach 2
T2 = trend key categorpproach 2

L = level key categoryApproach 1
andApproach 2

T = trend key categoryApproach 1
andApproach 2

Key category analysis for KPULUCF was performed according to section 2.3.6 of 20é4 IPCCKP
Supplement (IPCC, 2014). Resudi® also reported in Table 9.@Bchapter 9.
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CO; emissions and removals froiifforestation/ReforestatioandDeforestatioractivities (art. 3.3) and from
Forest managemerart. 3.4) have been assessed as key categoriese@@sions and removals from
CroplandandGrazing land managemeate identified as key categories.

The analysis ofkey ategorieds used to prioritize improvements that should be taken into account for the
next inventory submissions. First of all, it is important that emissions of key categories, being the most
significant in terms of absolute weight and/or combined uncertainty, are estimated with a high level of
accuracy. For the ltalian inventory, higher tiers are mostly used for calculating emissions from these
categories as requested by IREC Guidelinesand tke use of country specifiemission factors is extensive.

As reported in Table A9.1, in the Annex, there are only a few key categdries estimates do naheet

these quality objectivedn terms of the methodology and the application of default emifsitors.

Among these categories, prioritization is made on account of the actual absolute weight, the expected future
relevance, the level of uncertainty and a -@g&tctiveness analysi$herefore improvements are planned for

the LULUCF sectons weel a for maritime navigation category, which emissions are estimated with a Tierl
and with Tier 2 for few yearsand has been selected as a priority after verification of the availability of
annual detailed activity data, the evaluation of the resourcesoahdfdhe database to be implemented.

In addition to this evaluation, also categories estimated with higher tiers but affected by a high level of
uncertainty are considered in the prioritization plan. Retaince, activitiesvere planned and are on gan

for HFC, PFC substitutes for ODS in order to improve the accuracy of the Italian inventory and reduce the
overall uncertainty.

1.6 Information on the QA/QC plan including verification and treatment of
confidentiality issues where relevant

ISPRA has elaborated an inventory QA/QC plan which describes specific QC procedures to be implemented
during the inventory development process, facilitates the overall QA procedures to be conducted, to the
extent possible, on the entire inventory and distads quality objectives.

Particularly,an inventory QA/QQproceduresnanual (ISPRA, 2013) has been drawn ughich describes
QA/QC procedures and verification activities to be followed during the inventory compilation and helps in
the inventory improvenmd. Furthermore, pecific QA/QC procedures and different verification activities
implementedhoroughly the current inventory compilation, as part of the estimation process, aeel figur

in the annual QA/QMlan (ISPRA, 2020 [b]). Thesedocuments are fulicly available at ISPRA website
http://www.sinanet.isprambiente.it/it/sispra/seriestoricheemissioni

Quality control checks and quality assurance procedurgsther with some verification activities are
applied both to the national inventory as a whole and at sectoral level. Future planned impiweenen
prepared for each secttny the relevant inventory compiler; each expert identifies areas for sectoral
improvement based on his own knowledge and in respontiee tdNFCCC inventoryreviews and taking

into account the result of the key category assessment.

The quality of the inventory has improved over the years and further investigations are plarmaticitidse

sectors relevant in terms of contribution to total.@Quivalent emissions and with a high uncertainty.

In addition toroutine general checks, source specific quality control procedures are applied on a case by case
basis focusing on key cateigs and on categories where significant methodological and data revision have
taken place or on new sources.

Checklists are compiled annually by the inventory experts and collected by the QA/QC coordinator. These
|l ists are also eégdatmabdsken the o6referenc

General QC proceduredsoinclude data and documentation gathering. Specifically, the inventory analyst
for a source category maintains a complete and separate project archive for that source category; the archive
includes all the materialerded to develop the inventory for that year and is kept in a transparent manner.

All the information used for the inventory compilation is traceable back to its source. The inventory is
composed by spreadsheets to calculate emission estimates; aciteitardl emission factors as well as
methodologies are referenced to their data sources. Particular attention is paid to the archiving and storing of
all inventory data, supporting information, inventory records as well as all the reference documeriss. To th
end, a major improvement which increases the transparency of the inventory has been the development of a
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6referenced database. After each reporting cycl e,
archiveo®ndy 66 mesacomputera ma

Quality assurance procedures regard some verification activities of the inventory as a whole and at sectoral
level. Feedbacks for the Italian inventory derive from communication of data to different institutions and/or
at local level. Fornstance, the communication of the inventory to the European Community results4n a pre
check of the GHG values before the submission to the UNFCCC and relevant inconsistencies may be
highlighted.

Every year, mission figures arelso subjected to a pross of reexamination once the inventory, the
inventory related publications and the national inventory reports are posted on website, specifically
www.isprambiente.gov.itand from the communication of datadifferent institutions and/or at local level.

In some cases, sectoral major recalculations are presented and shared with the relevant stakeholders prior to
the official submission.

For the energy and industrial sectors, different meetings have beem bkl last years jointly with the
industrial associations, the Ministries of the Environment and Economic Development and ISPRA in the
framework of the European Emissions Trading Scheme, for assessing carbon leakage in EU energy intensive
industries andhe definition of GHG emission benchmarks; also in this context, estimations of the emission
inventory for different sectors have been presented.

ISPRA hasalsoheld different meetings with the industrial associations in the context of different European
legislation ISPRA collects data from the industrial associatiang industrial facilitiesinder the ETS and

other Europeariegislation suchas Large Combustion Plamirective and EPRTR Regulation The
inventory team manages all these data and makesfubem in the preparation of the national inventory
ensuring the consistency of time series among data by the comparison of the information collected under the
directives with other sources available before the first available years of data colle@@da(@D2002,
reportingyearsfor data collectedinderETS andNES/PRTRfacilities, respectively)Emissions and activity
datasubmitted under the ETS are mandatorily subject to verification procedures, as requested and specified
by the European Directive003/87/EC (art. 15 and Annex V). Alghe quality ofthe ItalianPRTR data is
guaranteed by art.9 of the Regulation 2006/166E€by art.3(3) of the Presidential Decree n.157/2011.

In addition, ISPRAmanagesll this informationin an informative systerto help in highlighting the main
discrepancies among datmd improving the time series consistengye informative system is based on
identification codes ttrace backndividual point sourceén differentdatabases.

Other spcific activities relating to improvements of the inventory and QA/QC practises in the last year
regarded the progress on the building of a unique database where information collected in the framework of
different Europearegislation Large Combustion P, INES/PRTR and Emissions Trading, are gathered
together thus highlighting the main discrepancies in information and detecting potential Ereoesctual
figures are considered in an overall approach and used in the compilation of the inventiis/regard

main progresss the update of the administrative information to identify the facilities under the separate
databases. A spreadsheet including the list of facilities frarge Combustion PlanPRTR, ETS is updated

every year: a comprehensivet lef the facilities reporting to the three systems with the identification codes

in use in the source datasets is used to check fonaiohing facilities so as to detect possible mistakes in
the administrative information or facilities which didt repot to one or more registers. Moreover the so
call ed fAEU Bahadbeea Buschédeigder she Industrial Emission DirectivarapBanUnion

level; this new registry will include the administrative data for all the facilities in the scope ofdlingrial
EmissionDirective as far as permitting procedures, site visit and site inspections, thematic data reporting are
concerned. The first steghould have haddministrative data reported tauBpeanUnion in order to be
included in the new Europeaegistry by the end of 2018ut delaysaredue tothe upcomingemergenciesn

the following years thematic data (emissions, releases, waste quaatitieity data;number of sitevisits,
infringementsetc) will be also reported in compliance withe reporting decisions that will be adopted by

the EU Commission.

ISPRA s also responsible for the provincial inventory at local scale; atthewprovincial inverdries at

local scale for the yesad 990, 1995up to 2015are availableln fact, everys years, in the framework of the
Protocol on Longerm Financing of the Cooperative Programme for Monitoring and Evaluation of the Long
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range Transmission of Air Pollutants in Europe (EMEP) under the Convention on-rdoge
Transloundary Air Pollution (CIRAP), Parties havéo report their national air emissions disaggregated on
a 50*50 km grid. Specifically, ISPRA has applied a-tlopvn approach to estimate emissions at provincial
areas based on proxy variables. The results were checked out by regibtalahmenvironmental agencies
and authorities; data are available at ISPRA web addhggs//www.sinanet.isprambiente.it/it/sia
ispra/inventarisand areport which describes delizdl methodologies to carry out estimategpublished
(Liburdi et al., 2004)SPRA, 2009) Conparisonsbetween topdown and local inventoridsave beermarried

out during the last yeand will continue in the next yeanesults are shared among thé o ¢ a | i nvent
expert group leadg to an improvement in methodologies for both the inventordi8®RA has also
collaboratedwith local authorites to assesshe participation of the Italian municipalities to tk@®venan of
Mayors (http://www.isprambiente.gov.it/it/pubblicazioni/rapporti/stalieattuazionedelpattodeisindact
in-italia).

A specific procedure undertaken fanproving the inventory regards the establishment of national expert
panels (in particular, in road transport, land use change and forestry and energy sectors) which involve, on a
voluntary basis, different institutions, local agencies and industrial aisosi cooperating for improving
activity data and emission factors accuracy. Specifically, for the LULUCF sector, following the election of
the 3.3 and 3.4 activities and on account of addpth analysis on the information needed to report
LULUCF underthe Kyoto Protocol, a Scientific Committe€omitato di Consultazione Scientifica del
Registro dei Serbatoi di Carbonio Forestalgnstituted by the relevant national experts has been established
by the Ministry for the Environment, Land and Sea in coajp@n with the Ministry of Agriculture, Food

and Forest Policies.

In addition to these expert panels, ISPRA patrticipates in technical working groups within the National
Statistical System. These groups, nar@adoli di qualita, coordinated by the Natiohkastitute of Statistics,

are constituted by both producers and users of statistical information with the aim of improving and
monitoring statistical information in specific sectors such as transport, industry, agriculture, forest and
fishing. As reportedn previous sections, these activities improve the quality and details of basic data, as
well as enable a more organized and timely communication.

The quality of the inventory has also improved by the organization and participation in sector specific
workshops. Followup processes are also set up in the framework of the &d@&IWG5under the EC
Monitoring Mechanism, which addresses to the improvemidifferent inventory sectorén the last years,
different workshopswere held: onthe management of uncertairiynd how to properuse data from the
European emissions trading scheme in the national greenhouse gas inyemttiesiologies to estimate
emissions from the agriculture and LULUCF sectaere also addressethvolving the Joint Research
Centre, and from the waste sector, involving the European Topic Center on Resource and Waste
Management, as well as from international bunkers, involvirgy Itliernational Energy Agency and
EUROCONTROL. Presentations and documentation of the workshops are available on the website at the
addresshttp://airclimate.eionet.europa.eu/meetifugst _html

Especially in the last years, there has been an intensificatiastiafies related toemission scenariognd

the importance of the emission inventaiyya solid starting poiiig primary.The inventory isshared witithe
Ministry for the Environment, Land and Saadall the relevant Ministries and local authorities.

In this context,from 2011, a report concerning the state of implementation of commitments to reduce
greenhouse gases emissions, and describing emissitd and projections, is preparedthg Ministry of

the Environmenin consultaibn with other relevant Ministri The report is annexed to the economy and
financial document (DEF) to be annually approved by the Government.

Expert peer reviews of theational inventory occur annually within the UNFCCC process, whose results and
suggestions can provide valuable feedback on areas where the inventory should be inijivast in
countryreview occurredn 2019. The final report has not been finalisatithe time of this submission but
details on the review processes and implementatiothef comments and potentisdBcommendationgsre
describedn Annex 12 and in relevant sections

At European level, reviews of the European inventory are undertaken by experts from different Member

States for critical sectoral categoringhe context of the European GHG Monitoring Mechanigioreover,
in the context ofthe European Effort Sharing Dexton (EC 2009 defining the 2020 emission limit of a
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Member State in relation to its 2005 emissions, a technical revescarried outin 2012to review and

verify emission data of each Member Stafmy, the reference years 2005, 2008 and 2009, prior to
determining thg annual emission allocations 2016 andter comprehensive review of Mear St at e s €
inventories was carried out for the compliance years 2013 and 2014, and for the years 2005, 2008, 2009 and
2010.Also, in 20D, adetailedreview of the kalian inventory was conducteBollowing the main relevant
recommendations, revisieof the estimates were implemented.

A bilateral independent review between Italy and Spainumdertaken in 2012vith a focus on the revision

of the GHG inventoriesfdoth the Parties. Two ioountry visits werdneldin 2012; the Italian team revised

part of the energy sector of Spain, specifically the categories public power plants, petroleum refining plants,
road transport and oefbad, whereas the Spanish team revised the Industrial processes and solvent and other
product useand the LULUCF sectors of ItalfResults of thesanalyses aregeported ina technicalreport

Aim of the review was to carry out a general quality assurance analysis of the inventories in térens of t
methodologies, the EFs antketeferencesised, as well as analysing criticaibss cutting issues such as the
details of the national energy balances and comparison with international data (Eurostat aadd&#g ,of

plant specific information.

In addition,an official independent reviewf the entire Italian greenhouse gas inventeasundertaken by

the Aether consultanis 2013 Main findings and recommendations are reported in a final document, and
regardmostly the transparency in the NIR, the improvement of QA/QC documentation amsl [mendig
issues in the LULUCF sectofhese suggestiomve beemronsidered to improve thature submissions

The preparation of environmental reports where data are needed at different aggregation levels or refer to
different contexts, such as envirnental and economic accountings, is also a check for emission trends. At
national level, for instance, emission time series are reported in the Environmental Data Yearbooks
published by ISPRA. Emission data are also published by the Ministry for theo&ment, Land and Sea in

the Reports on the State of the Environment and the National Communications as well as in the
Demonstrable Progress Report. Moreover, figures are communicated to the National Institute of Statistics to
be published in the relevanniEronmental Statistics Yearbooks as well as used in the framework of the
EUROSTAT NAMEA Project.

At European level, ISPRA also reports on indicators meeting the requirements of Article 3 (1)(j) of Decision
N° 280/2004/EC. In particular, Member Stateslslsubmit figures on specified priority indicators and
should submit information on additional priority and supplementary indicators for the period from 1990 to
the last submitted year and forecastssfume specified yearblational trends of these inditors araeported

inthe documend Car bon Di oxi de ISRRARR04c]).t Yy | ndicatorsod (

Comparisons between emission estimates from industrial sectors and those published by the industry itself in
their Environmental reports are carried out annually in order to assess the quality and the uncertainty of the
estimates.

Additional consistency hecks of data are carried out in the context of the Europaajulation No
525/2013. ElMember Stateshall report in textual and tabular format on data inconsistencies.

For example, according to Art. 7(1)(m)(i) of the EU Regulation, data on air poutatimatedinder the
UNECE Convention on Lorgange Transboundary Air Pollutiand those under the UNFCCC Convention
should not exceed the differencerobre than /5 % between the total emissiofts a specific pollutant
otherwise text and a tabularrfisat should be compiled by the Member State. As shown in chapter 2, para
2.4, these differences for Italy are far under the threshold.

Other relevant articles of the EU Regulatfondata consistency adeticle 10, on emissions reported under

the Europan ETS, Article 11and Article 12 related tB-gases international energy data.

Specifically, Article 10 regards the consistency of reported GHG emissions under UNFCCC with data from
the EU emissions trading system in tabular and textual form by catebergetailed tablés includedin

Annex 13 of theNIR.

As for Article 11, on consistency of f§as estimates with datapated undeRegulation (EC) No 842/2006

of the European Parliament and of the Council of 17 May 2006 on certain fluorinated greenhougkegases,
verification process is still on progress due to the large amount of data and the difficulty to analyze the
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amount of Fgases actually useby the national operatarslowever, activities are already carried out on
verification of average emission factors and activity data reported at sectoral level.

Article 12 of the EU Implementing Regulatiavbliges Memeber States to reptextual information on the
comparison between the reference approealeulated on the basis of the data included in the GHG
inventory and the reference approach calculated on the basis of the data reported pursuant to Article 4 of
Regulation (EC) No 199/2008 of the European Parliament and of the Council (1) and Annex B to that
Regulation(Eurostat energy datalf these differences are higher thaii 2 %, in the total national apparent

fossil fuel consumption at aggregate level for all fossil fuekgaties a tabular formatshall also be
compiled.For Italy these differensearebelow the determined threshold; gl¢slbese data are reported in
Annex 13 for the year 281

A summary of all the main QA/QC activigs over the past years which ensurect@inuousmprovement
of the inventory is presented in the document 0
Emission InventoryYear 2006 ISPRA, 2@0[b]).

A proper archiving and reporting of tliecumentation related to the inventory compilation process is also
part of the national QA/QC programme.

All the material and documents used for the inventory preparation are sttB&RaY

Information relating to the planning, preparation, and manegemwf inventory activities are documented

and archived. The archive is organised so that any skilled analyst could obtain relevant data sources and
spreadsheets, reproduce the inventory and review all decisions about assumptions and methodologies
undertalen. A master documentation catalogue is generated for each inventory year and it is possible to track
changes in data and methodologies over time. Specifically, the documentation includes:

9 electronic copies of each of the draft and final inventory reptettronic copies of the draft and
final CRF tables;
9 electronic copies of all the final, linked source category spreadsheets for the inventory estimates
(including all spreadsheets that feed the emission spreadsheets);
9 resultsof the reviews and, igeneral, all documentation related to the corresponding inventory year
submission.
After each reporting cycl e, al |l database fides, s
onlyé mode.

A 6referenced dat abas e o inseasa the ttansgaemayp of lthe thverdowye Thig vy €
database consists of a number of records that references all documentation used during the inventory
compilation, for each sector and submission year, the link to the electronically available documéms and
place where they are stored as well as internal documentation on QA/QC procedures.

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

The 2006 IPCC Guidelines(IPCC, 20®) definetwo approaches to dstating uncertainties in national
greenhouse gas inventorie8pproach 1 based on the error propagation equaticarsy Approach 2
corresponding to the application of Monte Carlo analysis

For the Italian inventoryguantitative estimates of the uncentéésare calculated using Approachahich
applicationis described in Annex,with or without emissions and removals from the LULUCF sector.
Emissioncategoriesre disaggregated into a detailed level and uncertainties are therefore estimated for these
categories.

For the 2018 total emission figures without LULUCF, an uncertainty 28% in the combined global
warming potential (GWP) total emissioissestimatedwhereas for the trend betwettie base yeaand 208

the analysis assesses an uncertdigtg.3%.

Including the LULUCF sector intnational figures, the uncertainty accordingMaproach lis equal to4.5%

for the year 208, whereas the uncertaintyrfthe trend is estimated to B&%.
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The small variationin the uncertainty levelsas compared thprevioussubmission,s mainly due to the
recalculatiorprocessand consequenlifferentweights of the categories and relevantertainties.

The assessment of uncertainty has also been applied batbeyear emission levels. The results show an
uncertainty of2.1% in the combined GWP total emissions, excluding emissions and removals from
LULUCF, whereas it increases 28% including the LULUCF sector.

Approach 2, Montecarlo analysis, was implemdriteprevious submissions to estimate uncertainty of some

of the key categories of the Italian inventory. The description of the key categories to which the analysis was
applied and the reference yeare reported irAnnex 1,Table A1.15. Most of theesults prove that both
approaches (Approach 1 and 2) produce comparable ragaditisatuncertainty valuederived by Approach

2 are lower than those derived from the application of Approach 1.

The aim of the study was 8how that applying methods highthan thesrror propagation methaibes not

make a significant difference in figurdfs information on uncertainty levelss not sufficiently detailed.
Montecarlowas applied to C®emissions from road transport anegNemissions from agricultural soilis

the first case measurements were available for emission factors so a low uncertainty was expected, in the
other case,no information on EFs was available and a high uncertainty was supposed. A combination of
Montecarlo and Bootstrap simulation was #@plto CQ emissions, in consideration of the specific data
availability assuming a normal distribution for activity data and for the emission factor of natural gas. The
overall uncertainty of C®emissions forroad transport resulted in 2.1%wer than hat resulting from
Approachl which estimated a figure of 4@ the reason of the difference is in the lower uncertainty
resulting from the application of bootstrap analysis to the emission factor of diesel oil, all the other figures
are very similar. FON2O emissions from agricultural soils, a Montecarlo analysis was applied assuming a
normal distribution for activity data and two tests one with a lognormal and the other with a normal for
emission factors; the results with the normal distribution catledlan ocertainty figure equal to 32.4%

lower thanthe uncertainty by pproachl which was 10%; in the case of the lognormal distribution there
were problems caused by the formula specified in the IPCC guidelines which is affected by the unit and
needdurther study before a throughout application.

The study will be progressively extended to other inventory catedmtehe importance of these results is

that in neither of the cases does the uncertainty estimation of the national sectors result in an
underestimation.

Other studies were conducted on uncertainpec8ically, on the comparison of different methodologies to
evaluate emissions uncertairfigpomano et al., 2004nda studyd6 Eval uat i ng uncertaint.
i nventory®o, presented at a EU workshop on Uncerta
2005

QC procedures are also undertaken on the calculations of uncertainties in order to confirm the correctness of
the estimates and that theresigfficient documentation to duplicate the analysis. The assumptibith
uncertainty estimations are based on are documented for each category. Figures used to draw up uncertainty
analysis are checked both with the relevant analyst experts and liteedarences and are consistent with

the IPCCGuidelinegIPCC, 2000; IPCC, 2003PCC, 2008.

More in detailsfacility level data are used to check and veiifformation fromthe industrial sector; these

data also include information from the Europeanidsions Trading Scheme, thelian PRTR registr

which is also collected and elaborated by the inventory tééwst of the times there is a correspondence
among activity data from different databases so that the level of uncertainty could be assumgthiother

one fixed at 3%; the same occurs for emission factors coming from measurements at plant level, and even in
this case the uncertainty may be assumed lower than the predetermined level. Since the overall uncertainty of
the Italian inventory is retavely low due to the prevalence of the energy sector sourcesseelstimates

derive from accurate parameters, out of the total, it has been decided to use conservative figures; this occurs
especially for energy and industrial sectdvkore details can béound at category level in the relevant
sections.

The results of the uncertainty analysis, generally associated with ategyory assessmeloy Approach 2

are used to prioritize improvements for the next inventory submissions.

Emissions of key categes are usually estimated with a high level of accuracy in terms of the methodology
used and characterised by a low uncertainty; some exceptions may occur and categories estimated with
higher tiers may be affected by a high levetn€ertainty. Foinstance in the agriculture sector, direct®
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emissions from agricultural soils and indirectONfrom nitrogen used in agriculture are affected by a high
level of uncertainty especially in the emission factors notwithstanding the advanced tiers used

For thecategories with a high uncertainty, generally, further improvements are planned whenever sectoral
studies can be carried out.

1.8  General assessment of the completeness

The inventory covers all major sources and sinks, as well as direct and indirectirgdsdsd in the IPCC
guidelines.

Details are reported in Table 1.7 and Table 1.8. Sectoral and background tables of CRF sheets are complete
as far as details of basic information are available. For instance, multilateral operations emissions are not
estimated because no activity dataarailable.

Allocation of emissions is not consistent with the IPCC Guidelines only where there is no data available to
split the information.For instance, for fugitive emissions,.M emissions from oil and natural gas
exploration and refining and storagetivities araeported under category 1.B.2xther, flaring in refineries

Further investigation will be carried out closely with industry about these figures.

Table 1.7 Source and sinks not estimated in tH2018 inventory

Sources and sinks noestimated (NEJY
GHG Sector? Source/sink category® Explanation
CH4 emissions from charcoal production are not
CH Ener 1.A.1c Manufacture of solid fuel accounted because of a lack of methodology in th
4 9y (biomass) 2006 IPCC Guidelineapplicable to the type of
furnace technology in use.
CO2,CHs, N2O Energy 1.D2 Multilateral Operations Information and statistical data are not available
CHa emissions from managed soils have not beer]
CHa Agriculture 3.D Agricultural Soils estimated because no methodology is available ir
IPCC Guidelines.
4.E Settlements/4(V) Biomass The emissions are considered insignificant, being
CO2,CHs, N2O LULUCF Burning below0.05% of the national total GHG emissions,
4.E Settlements and minor than 500 kt CO2 eq.
5.C Incineration and Open Burning
Waste/5.C.2 Open Burning of Wast
5.C.2.1 Biogenic/5.C.2.1.a . . _
CHa, N2O Waste Municipal Solid Waste Emission factors are under investigation
5.C.2.2 Non-biogenic/5.C.2.2.a
Municipal Solid Waste
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Table 1.8Source and sinks reported elsewhere in the 281Inventory

Sources and sinks reported elsewhere ("IE'§)

Allocation as per

Allocation used

GHG Source/sink category IPCC Guidelines by the Party Explanation
National energy balances include only th
input and output quantities from the
petrochemical plants; so in the
petrochemical transformation process th
1.AD Liquid output quantity could be greater than the
1.AD Feedstocks, reductants an| fuel/Gasoline/LPG 1.AD Liquid input quantity, in particular for light
CO. other norenergy use of Other Oil/Refinery ijeI/Naqhta products as LPG, gasoé and refinery
fuels/Liquid Fuels/Gasoline feedstock/Residual P gas, due to chemical reactions. Therefo
oil it is possible to have negative values for|
some products (mainly gasoline, refinery
gas, fuel oil). For this matter, for the
reporting on CRF tables, these fuels ha
been added to naphtha.
1.B Fugitive Emissions from
Fuels/1.B.2 Oil and Natural Gas 1.B.2d flaring in
N20 and Other Emissions from Energ| 1.B.2.a.4 réfiﬁeries 9 Information to split is noavailable
Production/1.B.2.a Qil/1.B.2.a.4 | Refining/storage
Refining / Storage
COz emissions from the sole zinc and le
. integrated plant in Italy have been
CO. %rcc:) dll\J/IC?itSLIndustry/Z.C.S Lead %r?)dsljclzi%arlld ZrSd?f:lt?c?n estimated. The available data it allow
P to distinguish between zinc and lead
emissions.
HFC- . .
125, 2.F Product Uses as Substitutes 2.F1 Refrlgeranon Z'F:L. .
. . : and air Refrigeration ang . . .
HFC- | ODS/2.F1 Refrigeration ad air O . o Emissions fronTransport Refrigeration
o conditioning/ air conditioning/ . . . ; .
134a, |conditioning/Transport . areincluded in CommercidRefrigeration
. : Transport Commercial
S Refrigeration Refrigeration Refrigeration
143a 9 9
HFC- | 2.F Product Uses as Substitutes| 2.F.2.a Foam 2.F.2.a Foam
134a |for ODS/2.F.2 Foam Blowing Blowing/closed Blowing/closed | Emissions are included in emissions fro
HFC- | Agents/2.F.2.a Closed Cells/HF( cell/ HFG245fa cell/ HFC-245fa | stocks
245fa | 134aandHFC-245fa from disposal from stocks
. 2.F.3 Fire 2.F.3 Fire
HFC- 2.F Product Use.s as Substitutes Protection/HFC Protection/HFC | Emissions are included in emissions fro
for ODS/2.F.3 Fire
227ea ; 227ea from 227ea from stocks
Protection/HFC227ea :
disposal stocks
4.A ForestLand/4.A.1 Forest |4.A.14(V) 4.A1, Carbon | COzemissions due to wildfires in forest.
- ) .| land remaining forest land are included i
CO Land Remaining Forest Land/4(\{ Biomass stock change in A
; . e . _— - . table 4.A.1, Carbon stock change in livir]
Biomass Burning/Wildfires Burning/Wildfires | living biomass .
biomass, Losses
4.A ForestLand/dA2 Land | 4.A2 4(V) 4.A.2, Carbon | COzemissions due to wildfires in forest.
! .| land remaining forest land are included i
CO Converted to Forest Land/4(V) | Biomass stock change in IR
. . e . _— - . table 4.A.2, Carbon stock change in livir]
Biomass Burning/Wildfires Burning/Wildfires | living biomass .
biomass, Losses
4.A Forest Land/4.A.1 Forest | 4(l) Direct N20O 3.D.1 Direct
Land Remainind-orest Land/4(l) | Emissions from N | -7~ e . . .
- i N20 emissions | N inputs to managed soils are regeal in
N20 Direct N20O Emissions from N Inputs to Managed ;
. . . from managed | the agriculture sector
Inputs to Managed Soils/Inorgani Soils/Inorganic N .
o o soils
N Fertilizers Fertilizers
Solid
ér%drgrs\;?te%:\éﬁoglA roach Solid Wood/Sawnwoo
PP Ppro: Wood/Sawnwood | d and wood HWP produced and exported are includ
B2/Total HWP from Domestic - .
CO and Wood panels | panels in HWP | in the HWP produced and consumed
Harvest/HWP Produced and . .
. in HWP Produced | produced and | domestically
Exported/Solid Wood/Sawnwood
and exported consumed
and Wood panels .
domestically
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2 TRENDS IN GREENHOUSE GAS EMISSIONS

2.1 Description and interpretation of emission trends for aggregate
greenhouse gas emissions

Summary data of the Italian greenhouse gas emissions for the year2(189%re reported in Tables
A8.1.1- A8.15 of Annex 8.

The emission figures presented are those sent to the UNFCCC Secretariat arifutogean Commission
in the framework of the Greenhouse Gas Monitoring Mechanism.

Total greenhouse gas emissions, in,@Quivalent, excluding emissions and removals from LULUCF, have
decreased b¥72% between 1990 and 281lvarying from 846 to 428 CO;, equivalent million tons (Mt).

The most important greenhouse gas,»Géhich accounts foB14% of total emissions in CQequivalent,
shows a decrease [205% between 1990 and 281In the energy sector, in particular, £€missions in
2018 are185% lower than in 1990.

CH, and NO emissions are equal 10.1% and4.1% of the total C@equivalent greenhouse gas emissions,
respectively. Chlemissions decreased b9.8%6 from 1990 to 208, while N.O has decreased B2.0%.

As for other greenhouse gases, HRECsount for3.9% of total emissions, PFGd Sk are equal to @%
and 0.1% of total emissions, respectivehe weight of NEis about0.01%.Among these gaseldfCs show

a strong increasm emssions andthe meaningful increasing trendill make them even more important in
next years.

Figure 2.1 illustrates the national trend of greenhouse gases for20¥0expressed in COequivalent
terms and by substance; total emissions do not include emissionsnaoxhbie from land use, land use
change and forestry.
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Figure 2.1 National greenhouse gas emissions from 1990 to 8@Without LULUCF) (Mt CO 2eq.)

The share of the different sectors, in terms of total emissions, remains nearly unvaried over the @@riod 19
2018. Specifically for the yea2018, the greatest part of the total greenhouse gas emissions is to be attributed
to the energy ector, with a percentage @&0.5%, followed by industrial processesd product usand
agriculture accounting foB.1% and 71%, respectivelyandwaste contributing witl.3% to total emissions

Total greenhouse gas emissions and rempvatduding LULUCF sector, are shownin Figure 2.2
subdivided by sector.

Considering total GHG emissions with esims and removals from LULUCH)e LULUCF as absolute
value,the energy sector accounts, in 80for 75.1% of total emissions and removals, as absolute weight,
followed by, industrial processemnd product usandagriculture(7.3% and 66%, respectively, LULUCF

which contributes witld.6%, and waste39%).
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Figure 2.2 Greenhouse gas emissions and removals from 1990 to&Dbg sector (Mt COz eq.)

2.2  Description and interpretation of emission trends by gas

2.2.1 Carbon dioxide emissions

CO; emissions, excluding CCemissions and removals from LULUCF, decrease@®§% from 1990 to
2018, ranging from438 to 348 million tons.

The most relevant emissions derive froine energy industrie27.4%) andtransportation 29.6%). Non

industrial comlistion accounts fo22.6% and manufacturing and construction industriesl®2%, while
the remaining emissions derive from industrial processéd%oj4and the othesectors Q.8%).

Thetrendof CO, emissions by sector is shown in Figure 2.3.
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Figure 2.3 National CQ: emissions by sector from 1990 to 281(Mt)
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The maindriver for the reduction ofCO, emissioms is the reduction in emissions observedeimergy
industries andnanufacturingndustries and constructipm the period 1992018, emissiondrom energy
industries decreased I39).3% while thosefrom manufacturing industries and construction show a decrease
of 41.0%. The transport sector shaan increase of emissistintil 2007 aud thena decreaséoth for the
economical recession and the penetration of \ehiwith low fuel consumptioNon industrial combustion
emissiontrend is driven by the annual climatic variation while emissfoms industrial processes decreased
by 48.0% mainly for the decrease of cement production

Figure 2.4 illustrates the performance of the following economic and energy indicators:

Gross Domestic Product (GDP) at market prices as 1 @ihse year 1990=100);
Total Energy Consumption;

CO, emissionsexcluding emissions and removals from lars# change and forests;
CGO; intensity which represents G@missions per unit of total energy consumption.

=A =4 =4 =4

CO, emissions in the 1990s essentially mirrored energy consumption. A decoupling between the curves is
observed only in recent years, mainly as a result of the substitution of fuels with high carbon contents by
methane gas in the production ¢éaric energyand in industry;n the last years, the increase in the use of
renewable sources has led toaable reduction of COntensity.
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Figure 2.4 Energyrelated and economic indicators and C@emissions

2.2.2 Methane emissions

Methane emissions (excluding LULUCF) 2018 representl0.1% of total greenhouse gases, equad3d
Mt in CO; equivalent, and show a decreasd @B as compared to 1990 levels.

CH, emissions, irR018, are mainly originated frorthe agriculturesector vhich accounts fod4.7% of total
methane emissions, as well as fromwleeste(37 9%) and energyl(7 2%) sectors.

Emissions in the agricultuector regard mainly the enteric fermentatiég®&%) and manure management
(18.1%) categories. The sector shows a decrease of emissions eg@&P4oas compared to 1990
attributable widely to a reduction in livestock and the recovery of biogas for energy pufposegne and
poultry).

Activities typically leading to emissiona the wastemanagement sectare the operation of dumping sites
and the treatment of industrial wastater. The waste sector shoas increasen CH, emission levels,
equal t05.5% compared to 199Gthe largest sectoral sharef emissionsare attributed tosolid waste
disposal on lan@84.0%) andwastewater handling15.0%), which showan increasequal t012.3% anda
decrease by 23%, respectively.

In the energy sectoithe reductiorof CHs emissiong-34.4%) is the result of two contrastirigctors: on the
one hand there has been a considerable reduction in emissions deriving fromimhestries, transpart
fugitive emissions from fuels (caused by leakage from the extraction and distribution of fossil fuels, due to
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the gradual replacemeat naturalgas distribution networks), on the other hand a strong increase in the civil
sector can be observed, as a resuthefncreased use of methane and biomass in heating systems. Figure

2.5 shows the emission figures by sector.
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Figure 2.5National CH4 emissions by sector from 1990 to 281 Gg)

2.2.3 Nitrous oxide emissions

In 2018, nitrous oxide emissiongexcluding LULUCF)represen#4.1% of total greenhouse gases, with a

decrease 032.0% between 1990 arzD18, from 26.0to 17.7 Mt CO; equivalent.

The major source of XD emissions is the agricultural sect694%), in particular the use of both chemical

and organic fertilisers in agriculture, as well as the management oé Wast the raising of animals.
Emissions from theagriculture sectoshow a decrease df8.26 during the period 1992018, due to a

reduction in livestock number.

Emissiors in the energgector 26.24 of the total) shovan increaséy 0.4% from 1990 ta2018; this trend

can be tracegrimarily to theredudion of 42.1% in the manufacturing and construction industrigki¢h

account for 4% of the totalN.O emissions due mainly to the reduction in tHast years of cement
production; the downward trend was counterbalancetheyncrease of emissionsy 41.7%6 in the other
sectos categorywhich accounts fod3.9 of the totalNO emissionsasa result ofthe increased use of

biomass in heating systems

For the industrial sectoN>O emissions show a decrease96i6% from 1990 to 208 The decrease is
almost totally due to the introduction of abatement systems in the nitric and adipic acid production
which drastically reduced emissions fromd@processesi further componerwhich has contributed to the

reduction is the decreasing use eONor medical purposes.

Other emissions in the waste sedi®0.8% of national NO emissionsprimarily regard the processing of

industrial anddomestic wastavatertreatmenfand the biological treatment of solid waste

Figure 2.6 shows national emission figures by sector.
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Figure 2.6 National NO emissions by sector from 1990 to 281Gg)

2.2.4 Fluorinated gas emissions

Italy has set 1990 abe base year for emissions of fluorinated gases, HFCs,, BiFCand 1995 for NFs.
Taken altogether, the emissions of fluorinated gases reprdgiat of total greenhouse gases in £O
equivalent in2018 and they shova significanincrease between 1990c2018. This increase is the result of
different features for the different gases.

HFCs, for instance, have increased considerably from 192018) from 0.4 t016.6 Mt in CO; equivalent.
The main sources of emissions are the consumption of-¥#8@, HFC125, HFC32 and HFEl43a in
refrigeration and aiconditioning devices, together with the use of HE3Zla in pharmaceutical aerosols.
Increases during this period are due kotlthe use of these substances as substitutes for gases that destroy
the ozone layer and to the greater use of air conditioners in automobiles.

Emissions of PFCs show a decreasé®f% from 1990 t02018. The level of PFGmissions in2018 is
equal tol.7 Mt in CO, equivalent, andt is due to by product emissionsflnorchemical productio91.2%),
and the use of the gases in the production of semicondudté¥s)(

Emissions of Sgare equal t®.4 Mt in CO;, equivalent in2018, with an increase d.3% as compared to
1990 levels. 12018, 72.8% of Sk emissions derive from the gas contained in electrical equipnigBo
from the use of this substance in acceleratamd 11.26 from the gas uskin the semiconductors
manufactue. NF; emissions account for @ Mt in CO, equivalent in 208 and derive from the
semiconductors industry.

Thenationalinventory of fluorinated gases has largely improved in ternsewfces andases identified and

a strict cooperation with the relevant industry has been established. Higher methods are applied to estimate
these emissions; nevertheless, uncertainty still regards some activity data which are considered of strategic
economic impodnce and therefore kept confidential.
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2.3  Description and interpretation of emission trends by source

2.3.1 Energy
Emissions from the energy sector accdiant80.5% of total national greenhouse gas emissions, excluding
LULUCEF, in 2018.
Emissions in C@equivalent from the energy sector are reported in Table 2.1 and Figure 2.8.

Table 2.1 Total emissions from the energy sector by source (192018) (Gg COzeq.)

1990 1995 2000 2005 2010 2015 2016 2017 2018

Gg CQeq.

Total emissions 423,555 436,219 457,280 485,343 426,136 357,289 353,493 348,508 344,328
;‘;g'rc?;cngs’us“on (Sectoral 410,628 424,048 446,411 475923 417,494 349,653 346,475 341,329 337,529
Energy Industries 137,502 140,485 144,474 159,088 137,045 105,803 104,642 104,759 95,805
Manufacturing Industries and 91,203 89,397 95328 91,711 68,630 55,098 53,650 52,446 53,936
Construction

Transport 102,177 114,247 123,798 128,539 115,539 106,247 104,816 100,918 104,263
Other Sectors 78,603 78,354 81,930 95260 95587 82,026 82,835 82,866 83,173
Other 1,143 1,566 881 1,323 692 478 533 340 351
Fugitive Emissions from Fuels 12,927 12,171 10,869 9,421 8,642 7,636 7,018 7,179 6,799
Solid Fuels 132 74 97 90 86 53 49 37 34
Oil and Natural Gas 12,794 12,096 10,772 9,331 8555 7,583 6,969 7,143 6,765

From 20, GHG emissions from thenergysectorhave beerlecreasindgecause ofhe policies adopted at
European and national level to implement the production of energy from renewable sources. From the same
year, a further shift from petrol products to natural gas in producing energy has been observed as a
consequence of the stadif the EU greenhouse gas Emission Trading Scheme (EU ETS) in Jafiuary 1
2005. From 2009, a further drop of the sectoral emissions is due to the economic recession. From 2008 to
2009 the decrease observed in GHG emissions is equidl. 166 followed byan increase (2.3%) only from

2009 to 2010; since themxcept for the increase of 2.2% between 2014 and 20d%nnual variations are

always negative until 2@L when emissionthe emissions decreasedh8% comparing to 201

Total greenhouse gas &sions, in CQ@equivalent, show a decrease of abbBifR6 from 1990 to 208; in
particular, an upward trend is noted from 1992004, with an increase b¥4.%%6, while between 2@and
2018 emissions decreased £9.0%%.

The substance with ¢hhighest impact, in the energy sectiwr CO,, accounting for965% of the sectoral
total,in 2018, whose levks have decreased @B.3% from 1990 td2018.

CH, emissionstrend, showing a decrease d84.4% from 1990 to 208, accounting for 2% of the total
emission levelsis driven by the combined effect of technological improvements that limit volatile organic
compounds (VOCs) from tail pipe and evaporative emissions (for cars) and the expansioiwbeelers
fleet

N>O showsan increaseof 0.4% with a share out bthe totalequal to 1.3, mainly driven by théechnology
development in road transport and to the switch from gasoline to diesel fuel consumption

In generalfor the sectorthe decrease in emissiofrem 1990 to 208 is driven by the reduction in the
energy industries and manufacturing industries and construction, which acco@it&@6érand15.®6 and

reduced by30.3 and40.9%, respectivelySpecifically, for the manufacturing industries and construction,

the reasondr the reduced emissions is the cut in production in some subsectors (e.g. chemical, construction
and building materials, steel) due to the effects of the economic recession but also to an increase in
efficiency, especially identified in the chemical sectdn the other hand, an increase in emissions still
occurs in other sectors, which increased by alfo8% and account fo242%; the transport sector,
accounting fol830.3%, shows a decrease 00%.
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Road transport is the most relevant source inttlieport sector, accounting in 28%or 22.70 of total

national CQ equivalent emissions. In 281GHG emissions from road transport were al#816% of the

national emissions from transport. From 1990 to®@HG emissions from the seciocreased by.0%.

The increase in other sectors, which refer to emissions originated from energy use in the civil sector and
from military mobile activities, is due, from 1990 to 2000, to the increase in numbers and size of building
with heating, and to the trend in weatltonditions, while from 2002, and especially in the last few years, to
the increase in other greenhouse gas emissions thafoCthe growing use of woody biomass and biogas

for heating.

Details on these figures are described in the specific chapter.
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Figure 2.8 Trend of total emissions from the energy sector (199D18) (Gg COzeq.)

2.3.2 Industrial processesand product use

Emissions frontheindustrial processesnd product use sectaccount for8.1% of total national greenhouse
gas emissions, excluding LULUCHK 2018.

Emission trends from industrial processes are reported in Table 2.2 and Figure 2.9.

Total emissions, in COequivalent, show a decrease 18f.26, from 1990to 2018. Taking into account
emissions by substance, £ahd NO decreased b¥8.0% and906%, respectivelyin terms of their weight
out of the sectoral total emissior®, accountdor 44.0% andN-O for 1.9%. CH, decreased b§5.9% but

it accounts foonly 0.1%.

The decrease in emissions is mostly to be attributed to a decret@genmneral and chemical industries
Emissions fronmineralproduction decreased i#f.4%, mostly for the reduction of cement productidhe
decrease of GHG emissions in the chemical indust§.246) is due to the decreasing trend of the emissions
from nitric acid and adipic acid production (the last production process sharply reducassi®m@s, due to
a fully operational abatement technology).

On the other hand, a considerable increase is observegds Emissions307.9%), whose share on total
sectoralemissions i$4%. The main drivers of the increase are the consumpbdiFCs n refrigeration
and airconditioning devices, together with their use in pharmaceutical aerosols.
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Details for industrial processead product usemissions can be found in the specific chapter.

Table 2.2 Total emissions from the industrial processes sectby gas (19962018) (Gg COz2eq.)

1990 1995 2000 2005 2010 2015 2016 2017 2018
Gg CQeq.

Total emissions 40,484 38,374 39,198 47,263 37,069 33,265 33,477 33,939 34,724
CO. 29,397 27,341 25908 28,774 21,775 15,009 14,767 15,013 15,289
CHs 129 134 73 74 60 42 48 44 44
N20 7,199 7,701 8,599 8,251 1,224 613 629 697 675
F-gases 3,759 3,198 4,618 10,163 14,010 17,601 18,033 18,186 18,716

HFCS 444 927 2,489 7,617 12,053 15,389 15,963 16,408 16,570

PFCS 2,907 1,492 1,488 1,940 1,520 1,688 1,614 1,314 1,657

Unspecified
mix of HFCs and 23 23 23 23 23 23 23 21
PFCs

Sks 408 680 604 550 394 472 399 417 446

NFs 77 13 33 20 28 34 23 22
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2.3.3 Agriculture

Emissions from the agriculture sector account f@#67of total national greenhouse gas emissiong0i8,
excluding LULUCF Emissions from the agricultusector are reported in Table 2.3 and Figure.2.10

Table 2.3Total emissions from the agriculture sector by source (1992018) (Gg COz eq.)
1990 1995 2000 2005 2010 2015 2016 2017 2018

Gg CQeq.

Total emissions 34,709 34,846 34,107 32,040 30,147 30,299 30,831 30,625 30,187
Enteric Fermentation 15,497 15,319 15,048 13,709 13,530 13,695 14,039 14,209 14,202
Manure Management 6,765 6,474 6,406 6,177 6,208 6,093 5,782 5,775 5,670
Rice Cultivation 1876 1,989 1656 1,752 1,822 1,668 1,715 1,644 1,553
Agricultural Soils 10,086 10,532 10,451 9,860 8,214 8,384 8,734 8,542 8,322
Field Burning of Agricultural Residues 19 18 18 20 19 20 21 19 19
Liming 1 1 2 14 18 14 12 17 15
Urea application 465 512 525 507 335 425 527 418 405

Emissions mostly refer to Gknd NO levels, which account f&3.8% and34.8% of the total emissions of
the sector, respectively. G@ccounts for the remaining4% of total emissions. The decrease observed in
total emissions-(3.0%) is mostly due to the decrease of L&dhissions from drric fermentation-8.4%)

and to the decrease oft@ (-17.5%) from agricultural soils, which categories account 0% and27.6%

of the total sectoral emissions, respectively.
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Figure 2.10Trend of total emissions from the agriculture sector (199@018) (Gg CO: eq.)

Main drivers behind these downward trends are the reduction in the number of animals, especiaty cattle
the whole perio@ndthe use of nitrogen fertilizers, mainly due to EhaopearCommon Agricultural Policy
(CAP) measures. In addition, there has been a significant increase in the recovery of the biogas produced
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from animal manure and used in the energy sector fopritahiction of electricity and combined electricity
and heat productiom the last yearghus contributing to the reduction of total emissions.
Detailed comments can be found in the specific chapter.

2.3.4 LULUCF
Emissionsand removal$rom the LULUCFsector areeported in Table 2.4 and Figure 2.11

Table 2.4Total emissions from the LULUCF sector by source/sink (1992018) (Gg COz eq.)
1990 1995 2000 2005 2010 2015 2016 2017 2018

Gg CQ eq.
Total emissiongremovals -3,675 -23,666 -20,914 -35,112 -41,978 -43,610 -40,230 -21,370 -36,280
Forest land -17,360 -31,023 -25,725 -34555 -36,588 -39,947 -36,894 -21,427 -33,393
Cropland 2,430 1,216 -122 -1,612 -842 598 -735 -487 -32
Grassland 4,589 -2,114 -1,610 -6,256 -9,225 -9,314 -8,254 -4,848 -8,271
Wetlands NE,NO 5 8 8 130 130 53 53 53
Settlements 7,144 8,941 6,982 7,800 4,682 4,727 5,538 5540 5,547
Other land NO NO NO NO NO NO NO NO NO
Harvested wood products -388 -706 -453 -503 -142 196 57 -201 -183
Other(indirect N20O soils) 10 17 6 6 6 NO 6.05 NO NO

Total removals, in C@equivalent, in the LULUCF sector, shanhigh variabilityin the periodremarkably
influenced by the annual fires occurrence andréheted GHG emission€£O; accounts foi92.4% of total
emissions and removals of the secilidre key driver for the rise in removals is the increase of carbon stock
changes from forest land (the area reported under flareshasncreased bp3.8%).

Further details for LULUCF emissions and removals can be found in the specific chapter.

O d N M T IO O 00O O d AN M &M O 00O O AN M ST LWL © N~ 0
DD OO OO OO O OO OOOO O OO OO OO OO OO0 o0 O d ddd d d d d d
DD OO O) OO OO OO O) OO OO OO O OO OO OO OO0 O0OO0OOLOLO O oo o
T o A A A H A AN AN NN AN AN NN NN NN ANANNNNNN
20,000 -
10,000 A 1] b
0_ SH = || l I I I l I
-10,000 -
-20,000 - ; 1]
-30,0001 °© - ! - i
-40,000 | " .
-50,000 A
Gg m4A  W4B  W4AC WAE  W4G
-60,000-
Share 1990
A Share 2018
12 "aA Total
. =4B 11.70.4 4B
22.4 wic 46

mAE
m4E 17. "G 4c
4G 4B
54.4 0.1a
14.4' 4A
ﬁ 70.3 ‘

-500 0 500 1000

7.6
Figure 2.11Trend of total emissions and removals from the LULUCF sector (1992018) (Gg COz eq.)
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2.3.5 Waste

Emissions from the waste sector account4@% of total national greenhouse gas emissiams2018,

excluding LULUCF.
Emissions from the w#ssector are shown in Table 2.5 and Figure 2.12

Table 2.5 Total emissions from the waste sector by source (192018) (Gg COz eq.)
1990 1995 2000 2005 2010 2015 2016 2017 2018

Gg CQeq.
Total emissions 17,304 19,996 21,890 21,883 20,404 18,579 18,288 18,252 18,290
Solid waste disposal 12,206 15,123 17,200 17,002 15,558 13,979 13,621 13,645 13,704
Biological treatment of solid waste 25 58 249 489 619 642 653 643 634

Incineration and open burning of was 599 551 290 317 258 177 183 168 165
Wastewater treatment and discharge 4,474 4,264 4,152 4,075 3,969 3,781 3,831 3,795 3,787
Other NA NA NA NA NA NA NA NA NA

Total emissions, in C£equivalentjncreasedy 5.7% from 1990 ta2018. The trend is mainly driven by the
increase in emissiongdm solid waste disposél2.3%), accountingor 74.9% of the total counterbalanced
by the decrease of emissions from waste water treatri€m9), accountingor 20.7%.

Considering emissions by gas, the most important greenhouse gas \whichl accounts foB92% of the
total and showsraincreaseof 5.5% from 1990 t02018. N,O levels have increased #l.%%6 while CQ
decreased b§2.1%; these gases account 10.3% and 0.56, respectively.

Further details can be found in the specific chapter.
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2.4  Description and interpretation of emission trends for indirectgreenhouse
gases and S©

Emission trends of N CO, NMVOC and S@from 1990 to2018 are presented in TabR6 and Figure
2.13

Table 2.6 Total emissionswithour LULUCF for indirect greenhouse gases and S{19902018) (Gg)

1990 1995 2000 2005 2010 2015 2016 2017 2018

Gg
NOx 2,127 1991 1512 1,296 951 735 715 675 672
CO 6,797 7,071 4,748 3,494 3,114 2,303 2,227 2,333 2,080
NMVOC 1,965 2,022 1600 1,361 1,137 917 901 947 913
SO 1,784 1,323 756 410 218 124 117 115 110

All gases show a significant reduction2@18 as compared to 1990 levels. The highest reduction is observed

for SG; (- 93.3%0), NOx levels have reduced 88.3%, while CO and NMVOC show a decrease 6%.7%

and51.8%, respectively. A detailedescription of the trend by gas and sector as well as the main reduction
plans can be found in the Italian National Programme for the progressive reduction of the annual national
emissions of Sg NOx, NMVOC and NH, as requested by the Directive 2001/&1/E

The most relevant reductions occurred as a consequence of the Directive 75/716/EC, and successive ones
related to the transport sector, and of other European Directives which established maximum levels for
sulphur content in liquid fuels and introducedhission standards for combustion installations. As a
consequence, in the combustion processes, oil with high sulphur content and coal have been substituted with
oil with low sulphur content and natural gas.
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Figure 2.13Trend of total emissions for indrect greenhouse gases and S@19902018) (Ggq)

It should be noted that these figures differ frane thational totalgeported under théJnited Nations
Economic Commission for Eurog®&NECE) Convention on Long Range Transboundary Air Pollution
(CLRTAP). If considering total emissions excluding the LULUCF sectdferences are to be attributed to
the different accounting of emissions from the civil aviation sector and from fires. In the national totals under
CLRTAP, in fact, emissions from ation are calculated considering all LTO cycles, both domestic and
international, excluding entirely the cruise phdsaational figurescomprise LULUCF, on the other hand,
differences are also to be attributed to fireeder the UNFCCGQhational total wth LULUCF includes
emissions from fires frorforest, grassland and croplawtiereas they are not considenmedhe national total

for CLRTAP.

Emission trends ofNOx, CO, NMVOC and S@ exluding LULUCF, communicated under UNECE
CLRTAP are presented in Tabler2.
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In the context of he EuropearRegulation No 525/2013Art. 7(1)(m)(i), EU Member States shall report on
the mnsistency of data on air pollutaninder the UNECE Convention on Lengnge Transboundary Air
Pollutionand those nder the UNFCCC Convention

Differences in percentage terms between figureishout LULUCF, betweenthe two Conventions are
illustrated in Table 3.

Table 2.7 Totalemissiors for indirect greenhouse gases and S@19902018) (Gg) under UNECE CLRTAP

1990 1995 2000 2005 2010 2015 2016 2017 2018

Gg
NOx 2,123 1,987 1505 1,291 945 732 712 672 669
(6{0) 6,797 7,072 4,749 3,494 3,114 2,304 2,228 2,333 2,082
NMVOC 1,965 2,022 1601 1,361 1,137 917 901 947 913
SO 1,784 1,322 756 409 218 124 117 115 110

Table 2.8 Percentage differences betweenotal emissions for indirect greenhouse gases and S@nder the
UNFCCC and UNECE CLRTAP Conventions(19962018)

1990 1995 2000 2005 2010 2015 2016 2017 2018

NOx 0.17% 0.17% 0.41% 0.39% 0.64% 0.46% 0.44% 0.46% 0.47%
co 0.00% -0.01% -0.02% 0.00% 0.01% -0.04% -0.04% -0.04% -0.06%
NMVOC 0.00% -0.01% -0.01% -0.02% -0.01% -0.02% -0.02% -0.02% -0.02%
S 0.01% 0.02% 0.05% 0.10% 0.19% 0.16% 0.16% 0.16% 0.16%

2.5 Indirect CO2 and nitrous oxide emissions

Indirect emissions are originated from the atmospheric oxidatioBHaf CO and NMVOCs ltaly has
chosen to report indirect G@missions from the oxidation of NMVOCs including them in the relevant
categories of solvent useefails on how they are converted into indirect.Cg&n be found irthe sections
onnonenergyrelated products from fuels and solvents in Chapte2.4.5.

Indirect emission®f N-O take place as a result of two differaritrogen loss pathways. These pathways are
the volatilization/emission of nitrogen as BEAnd NG and thesubsequent deposition of these forms of
nitrogen as ammonium (NH) and oxidised nitragn (NQ) on soils andvaters, and the leaching and runoff
of nitrogen from synthetic and organic nitrogen fertilizer inputs, cegidues, mineralization of nitrogen
through land use change or management practices, and urine amdegosgion from gramg animals, into
groundwater, riparian areas and wetlands, rivers. Alt NHNOx anthropogenie@missions are potential
sources of BD emissions

Indirect NO emissions are estimated accordinde¢piation 7.1 of the 2006 IPCC Guidelines (IPCC, 2006)
on the basis of N@ and NH; national emissions disaggreagated at secteval (ISPRA,2018 [a]) and
reported as memo item in the relevant sectxsept for the agriculture sector where emissions are already
included in the national totals.

This method assnes that DD emissions from atmospheric deposition are reported by the country that
producedthe original NQ and NH emissions. In realitythe ultimate formation of M0 may occur in
another country du¢o atmospheric transport of emissiodso, the meéhod does not account for the
probable lag time between N@nd NH emissions and subsequent production gd h soils and surface
waters. This time lag is expected todmeall relaédto an annual reporting cycle.
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3 ENERGY [CRF sector 1]

3.1 Sectoroverview

For the pollutants and sources discussed in this section, emissions result from the combustion of fuel. The
pollutants estimated are: carbon dioxide ZONOx as nitrogen dioxide, nitrous oxide {B)), methane

(CHg4), non methane volatile organtompounds (NMVOC), carbon monoxide (CO), and sulphur dioxide
(SO). The sources covered are:

Electricity (power plants anichdustrial producers);
Refineries ¢ombustion);

Chemical and petrochemical industriesrfibustion);
Constructiorindustries (roof tiles, bricks);

Other industries (metal works factories, food, textiles, others);
Road Transport;

Shipping;

Railways;

Aircraft;

Domestic;

Commercial;

Public Service;

Fishing and Agriculture.

= =4 =8 =8 =8 8889 _8_8_9_9

The national emission inventory is prepared using energy consumption information available from national
statistics and an estimate of the actual use of the fuels. The latter information is available at sectoral level in
many publicationsbut the evaluatia of emissions of methane and nitrous oxide is needed. Those emissions
are related to the actual physical conditions of the combustion process and to environmental conditions.

The continuous monitoring of GHG emissions in Italy is not regular especialbprire sectors; hence,
information is not often available on actual emissions over a specific period from an individual emission
source. Therefore, the majority of emissions are estimated from different information such as fuel
consumption, distandeavelled,or some other statistical data related to emissions.

Estimates for a particular source sector are calculated by applying an emission factor to an appropriate
statistic. That is:

Total Emission = Emission Factor x Activity Statistic

Emission factes are typically derived from measurements on a number of representative sources and the
resulting factor applied to the whole country.

For some categories, emissions data are available at individual site. Hence, emissions for a specific category
can be cleulated as the sum of the emissions from these point sources. That is:

Emission =S Point Source Emissions

However, it is necessary to carry out an estimate of the fuel consumption associated with these point sources,
so that emissions from nguoint sources can be estimated from fuel consumption data without double
counting. In general, point source approach is applied to specific point sources (e.g. power stations, cement
kilns, refineries). Most neindustrial sources are estimated using emissiciofa.

For most of the combustion source categories, emissions are estimated from fuel consumption data reported
in the National Energy Balance (BEN) and from an emission factor appropriate to the type of combustion.
However, the industrial category covergange of sources and types, so the inventory disaggregates this
category into a number of swategories, namely:

9 Other Industry;
9 Other Industry Offroad(see paragraph 3.6);
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Iron & Steel (Combustion, Blast Furnaces, Sinter Plant);
Petrochemical industries (Combustion);

Other combustion with contact industries: glass and tiles;
Other industries (Metal works factories, food, textiles, others);
Ammonia Feedstock (natural gas only);

Ammonia (Combustion) (natural gas only);

Cement (Combstion);

Lime Production (nowecarbonising).

=4 =8 =8 =8 -8 -8_-8"

Thus, the estimate from fuel consumption emission factors refers to stationary combustion in boilers and
heaters. The other categories are estimated by more complex methods discussed in the relevant sections.
However, for these processes, where emissions arise from fuel combustion for energy production, these are
reported under IPCC Table 1A. The fuel consumption of Other Industry is estimated so that the total fuel
consumption of these sources is consisterit thié national energy balance.

Fugitive emissions are also estimated and reported under 1B category and the relevant information are
provided in paragraph 3.9.

From the 2015 submission, the UNFCCC Reporting Guidelines require estimating a newcategoy,

emissions from the C{torage and distribution category, but in Italy this activity and the relevant emissions

do not occuet.

According to the IPCCQ006 Guidelines (IPCC, 2006), electricity generation by companies primarily for
their own use is w@wo-generation, and the emissions produced should be reported under the industry
concerned. However, most national energy statistics (including Italy) report emissions from electricity
generation as a separate category. The Italian inventory makes alh caletdation and then attempts to
report as far as possible according to the IPCC methodology:

f autogenerators are reported in the relevant i
I ndustries and Constructipnodo, including sect

1 refineries autegeneration is included in section 1.A.1.b;

1 iron and steel autgeneration is included in section 1.A.1.c;

i autogeneration of energy and heat in the incinerators is reported in 1.A.4.a.

These reports are based on TERNA estimates of &edl for steam generation connected with electricity
production (TERNA, several years).

Emissions from waste incineration facilities with energgovery are reported under category 1.A.4.a
(Combustion activity, commercial/institutional sectofpr the fassil and biomass fraction of waste
incinerated in the other fuel and biomass sub categories respeatifielgas emissions from other types of
waste incineration facilities are reported under categ®@yWaste incineration).

In fact, energy recoveredylthese plants isnainly used for district heating of commercial buildiraysis

auto consumed in the plamior 2018, 99% of the total amount of waste incinerated is treated in plants with
energy recovery systemilthough there arenot data or a robust estimate thie share ofwaste used to
produ@ electriciy the availableliterature (ENEAfederAmbiente, 2012) provides that 2010 the gross
electricity production by urban waste incinerators was equal to 3887 GWh (net 3190 GWh) and the amount
sent to the network was equal to only 121 GWh .estimate C@emissions, considering the total amount of
waste incinerated in plants Witenergy recovery, carbon content is calculated, as described in paragraph
7.4.2, in the waste chapter. Different emission factors for municipal, industrial and oils, hospital waste, and
sewage sludge are applied, as reported in the waste chapter, TAB&s2T. Wasteamount is then
converted in energy content applyitige conversiorfactor resulting from data provided by TERNA and
equalin 2018to 11.1GJ/t ofwaste.In 2018, the resulting average emission fadtmrthe fossil part of waste

is equal t®8.3 kg CO/GJIwhile for the biomass is equal to 84 COy/GJ.

Landfill gas recovereds used for heating and power in commercial facilitigge resulting emissions are
reported under 1.A.4ia biomassin 2018, the resulting average emission factor is equéllté kg CO/GJ.

Biogas recovered from the anaerobic digester of animal waste is used for utilities in the agriculture sector
and relative emissions are reported under 1.Amthiomassin 2018, the resliing average emission factor

is equal tdb4.1 kg CO/GJ.
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We allocate these emissions to the 1.A.4 catefecausehte energy produced in these plants, incinerators
or landfills, as well as energy produced by biogas collection from manure and agricalighee, is
prevalently auteconsumed for heating and electricity of the buildings or animal recoveries, and only a few
amount of energy produced goes todhectrical grid(about 10% of the total).

Emission trends

In 2018, the energy sector accounts 85.3% of CQ emissions17.26 of CHy and26.26 of N;O. In terms

of CO, equivalent, the energy sector sha88s3% of total national greenhouse gas emissions excluding
LULUCF.

Emission trends of greenhouse gases from the energy seateparied in Table 3.1.

Table 3.1 GHG emission trends in the energy sector 192018 (Mt CO2eq.)

1990 1995 2000 2005 2010 2015 2016 2017 2018
Total Energy 423.6 | 436.2 | 457.3 | 485.3 | 426.1 | 357.3 | 353.5 | 348.5 | 3443

CO2 407.6 | 420.0 | 4418 | 4705 | 4114 | 3445 | 3411 | 3359 | 3323
CHa4 11.3 10.9 10.1 9.2 9.4 8.1 7.8 7.9 7.4
N20 4.6 5.3 5.4 5.7 5.3 4.7 4.6 4.6 4.6

Source: ISPRA elaborations

The emission trend is generally driven by the economic indicators as adteagy in chapter 2.

From 20®, GHG emissions from the sector are decreasing as a result of the policies adopted at European
and national level to implement the production of gpeérom renewable sources. From the same year, a
further shift from petrol products to natural gas in producing energy has been observed as a consequence of
the starting of the EU greenhouse gas Emission Tra&@tthgme (EU ETS) in January! 2005.

From 2009, a further drop of the sectoral emissions is due to the economic recession. From 2008 to 2009 the
decrease observed in GHG emissions is equdl.80 indeed, followed by a slight increase, equal t@%2.

from 2009 to 2010; since then annual variaiane always negatiwél 2015 where emissions increased of

3.0% with respect to 2014 due to a reduction in energy production by hydroelectric which resulted in an
increase of energy production from thermoelectric plants to satisfy the energy demand

From 2016 to 2018 emissions from the sector decrease of 2.7% compared to the 2015 as a consequence of a
shift from coal to natural gas fuel consumption for energy production.

In Table 3.2, the electricity production distinguished by source for the whatestinies is reported on the
basisof data supplied by the national grigherator (ENEL, several years; TERNA, several yeds)m

2010 to 2014 drop in electricity generation from fossil fuels has been observed in Italy. The drop has been
driven both bythe economic recession and by the increase of renewable sources for energy prdochetion.

use of natural gas and coal is generally driven by the market; in 2011, from one side there was a minor
availability (and higher prices) of natural gas imported by pipelines from Algeria and Libya, due to the
Aspring revol ut i o ngiés indhatyear onithe gthei side a neve coa powen piant, one

of thelargestin Italy, was fully operative with a production of around 1250@tGexplaining the increasing

trend of electricity production from solid fuels

In fiother fuekd0 a mul t i tre idaudedas bidmass, lwaste, biogas from agriculture residues and
waste and synthesis gases from heavy residual or chemical processes. The breakdown is available to the
inventory expertllowing emission estimatiorsut it is corfidential and not published by the owner of the
information, TERNA.

Table 3.2 Production of electricity by sources 1990018 (GWh)

Source 1990 1995 2000 2005 2010 2015 2016 2017 2018

GWh
Hydroelectric 35,079 41,907 50,900 42,927 54,407 46,970 44,257 38,025 50,503
Thermoelectric 178,590 196,123 220,455 253,073 231,248 192,054 199,430 209,485 192,730
- solid fuels 32,042 24,122 26,272 43,606 39,734 43,201 35,608 32,627 28,470
- natural gas 39,082 46,442 97,607 149,259 152,737 110,860 126,148 140,349 128,538
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Source 1990 1995 2000 2005 2010 2015 2016 2017 2018
GWh

- derivated gases 3,652 3,443 4,252 5837 4,731 2,220 2,832 2501 2,520
- oil products 102,718 120,783 85,878 35,846 9,908 5620 4,127 4,083 3,289
- other fuels 1,196 1,333 6,446 18,525 24,138 30,151 30,715 29,924 29,914
Geothermic 3,222 3436 4705 57325 5376 6,185 6,289 6,201 6,105
Eﬁgﬁof‘/gﬂaic 0 14 569 2,347 11,032 37,786 39,793 42,120 40,370
Total 216,891 241,480 276,629 303,672 302,062 282,994 289,769 295,830 289,709

Source:TERNA
More in generalthe share of the total energy consumption by primary sources in the period20280

reported in Table 3.3, shows an evident change from oil productssolid fuels to natural gaand
renewablewhile theshare oftconsumption of electricitis variableand driven by the market

Table 3.3 Total energy consumptions by primary sources 1998018 (%)

Sources 1990 1995 2000 2005 2010 2015 2016 2017 2018
%
renewable 0.7 0.9 1.1 2.0 4.3 7.6 7.5 7.7 7.4
solid fuels 9.6 7.9 6.9 8.6 8.0 7.7 7.0 6.1 5.4
natural gas 23.7 25.7 314 36.0 36.2 32.6 34.6 36.3 34.7
crude oil 56.2 54.9 49.5 43.1 38.5 34.6 34.4 34.0 34.7
primary electricity 9.8 10.5 111 10.3 13.1 17.6 16.5 15.9 17.8

Source: Ministryof Economic Development

Further analysis on thelectricity generation time series and L£é@nission factors are available at the
following web address:http://www.sinanet.isprambiente.it/it/sispra/seriestoricheemissioni/fattoridi-
emissioneperla-produzioneedil -consumedi-energiaelettricain-italia/view.

Recalculations

In 2015 submission, recalculations regarddgw: wlole sector due to the application of the IPCC 2006
Guidelines which provide new default emission and oxidation factors for all the fuels. In partictiter
Guidelines(IPCC, 2006) oxidation factors are supposed to be equal to 1 for all the fuelss&rie® have

been reconstructed for all the fuels taking in account the default values proposed by the Guidelines and
national circumstances. In Annex 6 more detaifgdrmation is provided especially with regard to time
series of country specific G@mission factors.

In 2020 submission some recalculations occurred as in the following.

For the stationary combustion in industry and in transformation sector the energy liquid fuel consumption for
the whole time series and natural gas ft@sumptiorfrom 1990 to 2005 according to datemmunicated

by the Ministry of Economic Development to the Joint Questionnaire OECD/IEA/EUROSTAT, after a
verification and comparison with data up to now used and available in the National Baégge reports
(MSE, several yearsT.he submissions to the international questionnaire in some cases follow different rules
and different allocation of fuel consumptions. The compartsmnbeenoriented to avoid that the use of
international statisticeesults in a loss of information already used for the emission inventory.

CO; emission factors have been slightly revised froh@0r subrbitouminous coal, coking coal, coke oven
coke, pet coke, refinery gas amghthesis gas from heavy residuélpdatedemission factors are provided in
Annex 6.

The amount of natural gas lossaesthe last milefrom 199Q for the calculation of fugitive emissions has
been updated.

Emission time series from 2005 to 2016 of aviation has been updated according to EURCONTR
updated figures.

The whole time series of road transport emissions hasrbemsed mainly as a result of applying the planned
improvementregarding a general review of mileages with reference to a better distribution between the
vehicles categories bad on national statistics, subject to the total fuel balance between the sales of national
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fuels and the estimated total consumptions, separately for fueC@BERT version 5.2.2s regards fuels,

a correction has been applied, respect to last submjsgiothe implemention of Copert blend share
procedure with reference to the bio and fossil share of consumed fuels in the different years.iifhat is
particular evident for 2016 and 2017 G@stimates, higher than the previous ones of about 1.7% &¥d 1.5
respectively, because of the previous underestimation of the fossil share of the fuel in the balancing process.
Detailed information is reported in paragraph 3.5.3.

Waste fuel consumption for commercial heating activity data has been updat@l? beause of the

update of activity data for some industrial waste plants. Detailed information is reported in paragraph 3.6.
Other minor changes in activity data occurred for 720d4s for pulp and paper production and inland
waterways four stroke engines

Recalculations affected the whole time series 12Q1¥ for all gases.

The following table shows the percentage differences between 2080 209 submissions for the total
energy sector and by gas.

Recalculation resulted for the energy sector inaeasse of GHG emissions in 1990 of%.and increase in
2017 of 0.8% mainly due to the update lquid fuel consumption activity data from EUROSTAT. The main
recalculation for Cland NO are driven by the recalculations applied in road transport emissiionates,
while for CQ recalculations are driven by the use of @ECD/IEA/EUROSTATactivity data forliquid
fuel consumption.

Table 3.4 Emission recalculations in the energy sector 192017 (%)

Year GHG COo2 CH4 N20
1990 -0.39 -0.40 -0.27 -0.04
1991 -0.44 -0.44 -0.46 -0.09
1992 0.13 0.14 -0.25 0.28
1993 -0.10 -0.09 -0.34 0.08
1994 -0.06 -0.06 -0.33 0.56
1995 -0.71 -0.73 -0.45 0.30
1996 -0.45 -0.46 -0.55 0.57
1997 -0.18 -0.19 -0.36 0.61
1998 0.04 0.03 -0.30 1.07
1999 0.07 0.06 -0.21 1.30
2000 -0.40 -0.42 -0.17 114
2001 -1.58 -1.63 -0.17 0.59
2002 -0.26 -0.28 0.08 0.80
2003 0.74 0.74 0.24 1.29
2004 1.07 1.08 0.49 0.96
2005 1.18 119 0.22 1.90
2006 1.32 1.33 0.48 1.68
2007 1.90 1.92 0.84 2.05
2008 1.96 1.99 0.36 2.20
2009 1.49 151 0.45 1.89
2010 1.80 1.82 0.68 221
2011 2.05 2.07 1.00 2.88
2012 2.35 2.39 0.96 1.89
2013 1.01 1.00 0.91 1.87
2014 -0.16 -0.21 0.81 1.44
2015 1.26 1.26 0.96 177
2016 0.92 0.91 1.02 1.43
2017 0.77 0.75 1.08 1.62

Source: ISPRA elaborations
Key categories

Key category analysis, for the years 1990 anti®@lentified21 categories at level or trend assessment with
Approach 1 and Approachi® the energy related emissions.
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In the case of the energy sector in Italy, a sector by sector analysis instead of égsorgee analysis will

better illustrate the accuracy and reliability of the emission data, given the interconnection between the
underlying data of most key categories.

In the following box, key categorider 2018are listed, making reference to thection of the text where

they are quoted.

Key-categories identification in the energy sector with the IP@Proachl and Approach?2 for 2018

BV @SRRI \II_VSrLKl)Ju(E,F LUVI\_/iLtJhCF p:rgg;/;;rtls Notes

1 Transport CO; Road transportation LT LT 3.5.3 Tables 3.213.29
sa(gtehoeurssacetlosrsCOz commercial, residential, agriculture LT LT 36 Tables 3.323.35
3 Energy industriesCO:; solid fuels L,T1 L 3.3 Tables 3.63.9
4 Energy industriesCO; gaseous fuels LT LT 3.3 Tables 3.63.9
?ug/:snufacturing industries and constructioBO, gaseous LT LT 3.4 Tables 3.168.13
6 Energy industriesCO; liquid fuels LT LT 3.3 Tables 3.63.9
EqiitgelerjsgctorsCOz commercial, residential, agriculture LT LT 3.9 Tables 3.323.35
fsug/llsnufacturing industries and constructio®O; liquid LT LT 3.4 Tables 3.168.13
9 Fugitive - CH, Oil and natural gasNatural gas LT LT 3.9 Tables 3.468.46
éi(())gg;esr sectorsCHs commercial, residential, agriculture LT LT 36 Tables 3.323.35
%ule:\élanufacturing industries and constructiddO; solid L1T L1T 34 Tables3.10:3.13
itzhgt?:srss"efcutglrsCOZ commercial, residential, agriculture L1T L1.T1 36 Tables 3.33.35
é%r(zzsesr sectorsN2O commercial, residential, agricultur L2.T L2T 36 Tables 3.323.35
14 Transport CO, Waterborne navigation L1 L1 354 Table 3.30
15 Transport CO; Civil Aviation L1,T1 L1,T1 351 Tables 3.183.19
16 Fugitive - CO; Oil and natural gasOil L1 L1 3.9 Tables 3.4€8.46
ﬁ;u%tr;jélzectorsNgo commercial, residentighgriculture L2 36 Tables 3.33.35
f1uSe|l\éIanufacturing industries and constructidd,O liquid T2 3.4 Tables 3.168.13
ig”g)tfrsjirlssectorsCOz commercial, residential, agriculture T1 T 3.6 Tables 3.33.35
20 Transport CHs Road transportation T2 3.5.3 Tables 3.213.29
21 Fugitive - CO; Oil and natural gak Venting and flaring T2 3.9 Tables 3.468.46

With reference to the box, fourteen key categories {8. 2013, 1718, and19) are linked to stationary
combustion and to the same set of energy data: the energy sector CRF Table 1.A.1, the industrial sector,
Table 1.A.2 and the civil sector Tables YA and 1.A.4b.

Ten out of fourteen key categories refer to.@missions, two categories refer to £dhd NO emissions

from the use of biomass in the residential sector, the other two categories ref@ramidsions from liquid

fuels inmanufacturing and other sectors.

All these sectors refer to the national energy baldW*E, several years [a]) for tHmsic energy data and

the distribution among various subsectors, even if more accurate data for the electricity production sector can
be found iINTERNA publications (TERNA, several years). Evolutiohenergy consumptions/emissions is
linked to the activity data of eadector; see paragraph 3.3, 3.4 and 3.6 and Annex 2 fdetaied analysis

of those sectors.
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Electricity productions t he most A dy nenergyemissicsrend forrCO,aNeCdandt Ciide

is mainly driven by thehermoelectric productiorsee Tables A2.1 and A2.4 for mafetails.

In the following table emissioni& kt of CO, equivalentfor stationary combutin, key categoryat level
assessmertre summarized.

From 1990 to 208, an increase in use of natural gas instead of fuel oil and gas oil in stationary combustion
plants is observed; it results in a decrease of €@issions from combustion of liquid fiseand an increase

of emissions from gaseous fueised in the different sectorSoal and coke for residential heating has been
banned and reduced to 0.

The increase of CHemissions from other sector reflects the increase of the use of biomass for residential
heating.

Table 3.5 Stationary combustion, GHG emissions in 1990 and 2® (kt CO: eq)

1990 2018
Energy industries CO; liquid fuels 81,202 16,635
Energyindustries- CO; solid fuels 38,647 29,672
Other sectors CO, commercial, residential, agriculture liquid fuels 38,274 15,039
Other sectors CO, commercial, residential, agriculture gaseous fuels 36,018 57,523
Manufacturing industries ar@bnstruction CO; liquid fuels 32,822 12,488
Manufacturing industries and constructio@O, gaseous fuels 31,950 32,272
Manufacturing industries and constructioB0; solid fuels 24,925 7,635
Energy industries CO, gaseous fuels 16,805 48,773
Other sectors CHs commercial, residential, agriculture biomass 996 2,234
Other sectors NoO commercial, residential, agriculture liquid fuels 996 806
Manufacturing industries and constructioN-O liquid fuels 926 423
Other sectors CO, commercial, residential, agriculture solid fuels 899 0
Other sectors N;O commercial, residential, agriculture biomass 531 1,202
Other sectors CO, commercial, residential, agriculture other fossil fuels 530 5,820

Source: ISPRA elaborations

Another group of key categories (h.14, 15 and 2Dreferred to the transport sector, with basic total energy
consumption reported in the national energy balance and then subdivided in the different subsectors with
activity data taken from various statistical sources paragraph 3.5, transpddr anaccurate analysis of

these key sources. This sector also shows a remarkable increase in emissions h | padi€u@arsCQ

from air transport and road transport,casm be seen in Table 3.19 and Table 3.28, respectively. In the last
years CQemissims from road transport starteddecrease as a consequence of the economical crisis and
the reduction of the average fuel consumption per kilometre of the new vehloesend of NO and CH
emissions is linked to technological changes occurred ipatied.

Finally, the lasthreekey categories (9, 16 and21) refer to oil and gas operations. For this sector basic
overall production data are reported in the national balance but emissions are calculated with more accurate
data published or delivered to ISPRA by the releapetrators, see paragraph 3.9.

Most d the categories described are also key categories for the years 199018ndkity into account
LULUCF emissions and removals.

CO; fugitive emissions fronflaring in refineriesand N.O emissions from road transportati@me key
categories only for 1998t level assessment taking in account the uncertainty.

3.2  Methodology description
Emissions are calculated by the equation:
E(.s) = As.) x eb.s)
where
E(p,s,) = Emission of pollutanp from sources from fuelf (kg)

A(s,) = Consumption of fueiby sources (T
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e(p,s,) = Emission factor of pollutamt from sources from fuelf (kg/TJkg/t)

The fuels covered are listed Table A2.2 in Annex 2, thoughot all fuels occur in all sources. Sector
specific tables spegifthe emission factors used.

Emission factors are expressed in terms of kg pollutant/ TJ based on the net calorific value of the fuel.

The carbon factors used are based on national sources and are appropriate for Italy. Mo€@f the
emission factorbiave been crosschecked with the results of specific studies that evaluate the carbon content
of the imported/produced fossil fuels at national level. A comparison of the current national factors with the
IPCC ones has been carried out; the results sugpgets limited variations in liquid fuels and some
differences in natural gas, explained by basic hydrocasbomposition, and in solid fuels

Monitoring of the carbon content of the fuels nationally used is an ongoing activity at ISPRA. The principle
is to analyse regularly the chemical composition of the used fuel or relevant activity statistics, to estimate the
carbon content and the emission factor. National emission fas®reported in Table 3.12 and Table 3.21.

The specific procedure followed feach primary fuel (natural gas, oil, cp@l reported in Annex 6.

In response to the review process of the Initial report of the Kyoto Protoghl,aNd CH stationary
combustion emission factors were revised, in the 2006 submission, for the wholeetiesetaking into
account defaullPCC (IPCC, 1997; IPCC, 2000) and CORINAIR emission factors (EMEP/CORINAIR,
2007). Then the emission factors have bemmpared also with those reported in the 2006 IPCC Guidelines
where the default ones are more or l#ss same of those available in the IPCC 1996 guidelines. In the
following table the comparison at fuel level is provided

EF (9/GJ) CH4 N20
EMEP/
IPCC CORINAIR
Emission Emission 2006 industry Emission Emission
IPCC IPCC EMEP/ expert Inventory Inventory |IPCC IPCC upper EMEP/ with expert Inventory Inventory
1996 2006 CORINAIR Judgement electricity industry 1996 2006 level CORINAIRcontact Judgement electricity industry
coal 1 1 1.5-15 2.4 1.5 15 1.4 1.5 5 50-30 3.0-12.0 13-7.5 7 1.4
natural gas 1 1 0.3-4 1.0-3 15 1| 01 01 03 0.1-3 1.0-3.00.09-0.85 15 15
fuel oil 3 3 0.1-10 3 3 3 0.6 0.6 2 14-148 20-150 26-3.3 2.6 14
gasoil/orimulsio 3 0.1-8 15 0.1 0.6 2 0.6-14
LPG 1 1-25 1 1 0.1 1.0-14 14 1.4
petcoke 3 1.5 15 0.6 1.4-14 3.0-14.0 1.4 14
wood 30 30 1.0-40 30 28 4 4 4.3 4.0-14.0 14 14
biomass/waste 30 30 4.0-40 5 5 4 4 4 9 9

The emission factors should apply for all years provided there is no change in the carbon content of fuel over
time. There are exceptions to this rule:

9 transportation fuels have shown a significant variation around the year 2000 due to the reformulation
of gasoline and diesel to comply with the Hitective, see Table 3.21;

9 the most important imported fuels, natural gas, fuel oil and coal show variations of carbon content
from year to year, due to changes in the origin of imported fuel supply; a mathpdas been set
up to evaluate annually the carbon content of the averagedeelin Italy, see Annex 6 for details;

9 derived gases produced in refineries, as petcoke, refinery gas and synthesis gas from heavy residual
fuel, in iron and steel integratgdants, as coke oven gas, blast furnaces gas and oxygen converter
gas, and in chemical and petrochemical plants have been calculated from 2005 on thethasis of
analysis of information collected by the plants in the framework of EU &3é&SAnnex 6 for etails.

The activity statistics used to calculate emissions are fuel consumptions provided annually by thed#linistry
Economic Development (MSE) in the National Eneglance (MSE, several years [a]), by TERNA
(TERNA, several years) for the power sectmd some additional data sources characterise the
technologies used at sectoral level, quoted in the relevant sections.

Activity data collected in the framework of the EU ETS scheme do not cover the overall energy sector,
whereas the official statisg available at national level, such as the National Energy Balance (BEN) and the
energy production and consumption statistics supplie@ERRNA, provide the complete basic data needed

for the emission inventory.

Italian energy statistics are mainlyased on the National Energy Balance. The report is reliable, by
international standards, and it may be useful to summarize its main features:
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1 it is a balance, every year professional people carry out the exercise balancing final consumption
data with impat-export information;

9 the balance is made on the energy value of energy carriers, taking into account transformations that
may occur in the energy industries (refineries, coke plants, electricity production);

9 data are collected regularly by the MinistryEEconomic Development, on a monthly basis, from
industrial subjects;

9 oil products, natural gas and electricity used by industry, civil or transport sectors are taxed with
excise duties linked to the physical quantities of the energy carriers; excise atatigifferentiated
in products and final consumption sectors (i.e. diesel oil for industrial use pays duties lower than for
transportation use and higher than for electricity production; even bunker fuels have a specific
registration paper that state tliaey are sold without excise duties);

9 concerning energy consumption information, this scheme produces highly reliable data: BEN is
based on registered quantities of energy consumption and not on estimates; uncertainties may be
present in the effectiverfal destination of the product but total quantities are reliable;

9 coal is an exception to this rule, it is not subject to excise duties; consumption information is
estimated; anyway, it is nearly all imported and a limited number of operators use i atidigiry
of Economic Development monitors all of them on a monthly basis.

The energy balances of fuels used in Itgyblished by the Ministry of Economic Development (MSE,
several years [a]), compare total supply based on production, exports, ingpacks changes and known
losses with the total demand; the difference between total supply and demand is reported as 'statistical
difference’. In Annex 5, 2018 datacommunicated by ltaly to the Joint Questionnaire
OECD/IEA/EUROSTAT in the format revisitedy EUROSTATare reported, while the full time series is
available on websitéhttp://dgerm.sviluppoeconomico.gov.it/dgerm/ben.&pme differences between data
communicated to the intemtional organizations and EUROSTAT publication have been observed and are
under investigation; they should mainly due to the use of default instead of country specific energy
conversion factors and different classification criteria of fuels.

Data submitted by the Ministry of Economic Development to the Joint Questionnaire
IEA/OECD/EUROSTAT have been uséat solid, liquid and gaseousiel consumptionsAt the time it was

not possible to reconstruct the entire time seaiesategory levehnd datafrom national energy balance

(BEN) have beemlsousedfor this purpose. Mreoverthe complete use of the energy data provided by the
MSE to the Joint Questionnaire is planned in substituisrpossibleyf the national energy balances.

Some inconsistiies have been found in data communicated at Eurostat and referring to the ninety years,
especially in the sectoral distribution of fuels; in these ¢alsesnformation already available in the national
energy balances has been maintained becausegitleced more reliable and consistent in the time series.

In Annex 5, 2018 data derived by tldeint Questionnaire OECD/IEA/EUROSTAdre reportedn the

format revisited by EUROSTATSome differences between data communicated to the international
organizatons and EUROSTAT publication have been observed and are mainly due to the use of default
instead of country specific energy conversion factors and different classification criteria of fuels. In the 2020
submission data submitted by the Ministry of Economi®evelopment to the Joint Questionnaire
IEA/OECD/EUROSTAT have been used reconstructing the time series for all the fuels as planned in the
previous submission.

Additionally, to fossil fuel, theJoint Questionnaireeports commercial wood and straw comlmrsestimates

for energy use, biodiesel and biogas. The estimate of GHG emissions are based on these data and on othel
estimates (ENEA, several years) for non commercial wood use. Carbon dioxide emissions from biomass
combustion are not included in the ipaal total as suggested in the IPCC Guidelines (IPCC, 2006) but
emissions of other GHGs and other pollutants are included. CORINAIR methodology (EMEP/EEA, 2016)
includes emissions from the combustion of wood in the industrial and domestic sectors as thell
combustion of biomass in agriculture.

The inventory includes also emissions from the combustion of lubricants based on data collected from waste
oil recyclers and quoted in the energy balance; from 2002 onwards, this estimate is included inrthe colu
ARefinery feedstocko, row AProductionso ( MSE, s e
been necessary to use also these quantities to calculate emissions in the reference, appesadh
minimize differences with sectoral approach. r@001, the energy balances prepared by MSE include
those quantities in the input while estimating final consumption; this procedure summarizes a complex stock
change reporting by operator&ccording to the IPCCQ006 Guidelines (IPCC, 2006), in thamisson
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inventory, in the energy sector are reported only emissions from the combustion of lubricants in two strokes
engines while the other emissions are reported in the IPPU sector.

3.3  Energy industries

A detailed description of the methodology used to eséntaeenhouse gas emissions from electricity
production under 1.A.1.a, 1.A.1.b and 1.A.is.ceported in Annex 2. Basic data, methodology and emission
factors used to estimate emissions are derived from the same sources. In the followiagagtdphs
additional information on the specific categories are supplied.

In this category, gaseous fuels refer to natural gas while solid fuels mainly to coal used to produce energy
and derived gases used in the integrated iron and steel plants; liquid fuels include residual oil fuel
consumption usedbr energy productiorin power plantsand different fuels used in refineries. TG®,

implied emission factor trerfdr the sectors driven by the liquid fuel consumption in tpetroleumrefining

industry ©5% of the totabf liquid) wheremanyfuels, with very different emissidiactors, are useguch as
refinery gasthat havean averageemission factor valuequalto 58.3t/TJ, and pebleum coke with an
averageemission factoequalto 97.3fTJ. In the last years, due also to the economical crisis, a reduction in
the consumptin of synthesisgas from heavy residudliels (in 20B the average emission factors t £1J

values are abom9.8and109.1for heavy residual fuels and synthesis gas respectiedf)served, resulting

in the interannual variationEmission factors timseries for these fuels are reported in Annex 6.

3.3.1 Public Electricity and Heat Production

3.3.1.1 Source category description

This paragraph refers to the main electricity producers that produce electricity for the national grid. From
1998 onwards, the@xpansion of the industrial cogeneration of electricity and the split of the national
monopoly have transformed manyn dust ri al producers into Aindepend
national grid. These producers account in 2018 for 92.2% ofeldttricity produced with combustion
processes in Italy (TERNA, several years).

No data on consumption/emissions from heat productiosported in this section. In Italy, only limited data

do exist about producers working for district heating grids; mbshe cogenerated heat is produced and
used on the same site by industrial operafbingrefore,data on heat production is not reported here but in
Tablel.A(a)s2 for industry and Tablel.A(a)s4 for district heatingTEERNA yearly publication, heat
cogeerated while producing electricity is reported separately. Unfortunately, no details are reported on the
final use of cogenerated heat, so it can be used in the inventory preparation just to cross check the total fuel
amount with other sources as EU ETShe consumption of fuels in the industry reported in BEN.

Under biomass, wood and charcoal consumption and relevant emissions are raprt@d07 CO;
emission factor ishown in Table 3.12 whil€Hs and NO emission factorare equal to 30 g/GJ addg/GJ
respectively.From 2008 also bioliquid fuel is used and included under biomakls dnd NO emission
factorsequal to 12 g/GJ and 2 g/GJ respectively), resulting in the decrease of the average emission factor.
Other fuels subcategomgfer mainly to fuel consumptioraf other liquid, solid and gaseous fsisuich as
industrial waste€89.8 tCQ/TJ), that aremore than half of the total TJ of the subcategay plastics,

rubber, and solventsynthesis gaom heavy residug109.1 tCQ/TJ in 2018) and other liquid fuels (76.7
tCO/TJ in 2018) the average CQemission factor has been calculated for the whole time series and it is
equal t096.2t/TJ in 20B.

CO; implied emission factor trend of liquid fuels for this categ@nydriven ly the mix of high and low

sulphur fuel oil consumptions that is changed in the years as a consequence of the adoption of air quality
European Directives introducing air pollutants ceilings at the stacks, and the policies at national level which
establishedstringent ceiling for new and old plants and a timingesicied for their implementation.h&

CH, implied emission factois the weighted average of gasoil and residuatmilssion facta equal to 1.5

g/GJ and 3 g/GJ respectively. The general decreasing trend is due to the minor use of fuel oil for energy
production,at the minimum in the last yeanshile the amount of gasoil, which is related to the start up of
power plants and to theagoilused in stationary engines, feamore stable trend.
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3.3.1.2 Methodological issues

The data source on fuel consumption is the annue
power plants in Italyo (fADaotnie sdtiateinsetrigeciia seulgetit rii
from 1999 by the Italian Independent Syst®merator (TERNA, several years). The reports refer to the total

of producers and the estimate of the part belonging to public electricity production is made berhaynv

team on the basis of detailed electricity production statistics by industrial operators. Data on total electricity
production for the year 2018 are reported in Annex 2. For the time series, see previous NIR reports. The
emission factors used aretéd in Table 3.12.

Another source of information is the Natioalergy Balance (MSE, several years [a]), whdohtains data

on the total electricity producing sector. The data ofrthional energy balance (BEN) are also used to
address the statisticalurvey of international organization®ECD, IEA and Eurostat. Both BEN and
TERNA publications could be used for the inventory preparation, as they are part of the national statistical
system and published regularly.

A detailed analysis of bothources igeported in Annex 2. TERNAlata appears to be more suitable for
inventory preparation. From year 2005 onwards a valuable source of information is given by the reports
prepared for each industrial installation subject to EU ETS schemese Titeports are ppared by
independent qualified verifiers and concern the; EQissions, emission factors and activity data, including

fuel used. ISPRA receives copy of the reports from the competent authority (Ministry of Environment) and
has been able to extract thedmhation relative to electricity production. The information available is very
useful but not fully covering the electricity production sector or the public electricity production. The EU
ETS does not include all installations, only those above 20 MVi& niade on a point source basis so the
data include electricity and heat production while the corresponding datd ERNA, concerning only the

fuel used for electricity production, are commercially sensitive, confidential and they are not available to th
inventory teamAnyway, the comparison of data collected by TERNA with those submitted to the EU ETS
allows identifying possible discrepancies in the different datasets and thus providing the Ministry of
Economic Development experts with useful suggastio improve the energy balance.

For verification purposea rather complex calculation shdes beenusedto estimate C@emissions, and

also NO andCH. emissions (APAT, 2003[a]). Thiata sheet summarizes all plants existing in Italy divided

by techmlogy, about 60 typologies, and type of fuel used; the calculation sheet is a model of the national
power system. The model is aimed at estimating the emissions of pollutants different fgotnaCére
technology dependent. For each yaaunhasestimaed the fuel consumed by each plant type, the pollutant
emissions and GHG emissions. The model has many possible outputs, some of which are built up in order to
reproduce the data available from statistical source. The nmaddleenrevised every yeatill 2017, to

mirror the changes occurred in the power plants.

Moreover, the modehas alsobeenable to estimate the energy/emissions data related to the electricity
produced and used on site by the main industrial produceese Tdata are reported the other energy
industries, Bbles 1.A.1.b and 1.Al.c, and the industrial sector sectionafles 1.A.2. More detailed
information issupplied in Annex 2.

In Table 3.6, fuel consumptions and emissions of 1.A.1.a category are reported for the ten€a#6e3.6
shows a decrease in fuel consumption and overall decrease in GHG emissions. Hoglewast increase is
observed irCH, emissiors due to the increase in usfenatural gas and biomass

Table 3.6 Public electricity and heat production: Energ data (TJ) and GHG emissions, 1992018

1990 1995 2000 2005 2010 2015 2016 2017 2018

Fuel consumption (T. 1,441,741 1,472,753 1,554,810 1,709,208 1,480,778 1,205,336 1,205,807 1,260,762 1,147,923

GHG (Gg) 108,930 110,586 109,128 115039 97,112 79,057 76,355 78,189 70,303
CO2(Gg) 108,527 110,191 108,776 114,635 96,753 78,641 75966 77,810 69,950
CHa (Gg) 3.8 4.0 3.6 4.0 3.6 4.2 4.3 4.3 4.1
N0 (Gg) 1.0 1.0 0.9 1.0 0.9 1.0 0.9 0.9 0.8

Source: ISPRA elaborations
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In 2018, a decrease fnel consumptions and G@missions is observed as a consequence of the increase of
energy production from hydroelectric, due to meteo climatic annual circumstances, and the relevant decrease
of energy production in the natural gas plant. At the samedistaft from coal to natural gas for energy
production is observed in the last years.

As the main data source regeto the all electricity production sector, thencertainty and timseries
consistency,sourcespecific QA/QC and verification, recalculations and planned improvements are all
addressed in Annex 2.

3.3.2 Refineries

3.3.2.1 Source category description

This subsector covers the energy emissions from the natiefiraries (4 plants in 208), including the

energy used to generate electricity for internal use and exported to the national grid by power plants that
directly use offgases or other residues of the refineriesss€hpower plants are generally owned by other
companies but are located inside tiefinery premises or just sideway.2818the power plants included in

this source categotyave generate@l 7% of all electricity produced with combustion processes in Italy.

The energy consumption amghnissions are reported in CRRle 1.A.1.b. Partef refinery losss, flares,

are reported in CRFable 1.B.2.a and c, using IPCC emission factors.

3.3.2.2 Methodological issues

The consumption data used for refineresne from BEN (MSE, several years [a]); the same data are also
reported by Unione Petrodifa, the industrial category association (UP, several years). From 2005 onwards,
also the EU ETS fiverified reportso cover al most
emissions and process emissions. Other sources of information areatlyergporting obligations for the

large combustion plants under European Directive (LCP) anB-fAlRTR Regulation; both data collections
include most of refineries but not all the emission sources.

The available data in BEN specify the quantities ohegfy gas, petroleum coke and other liquid fuels (MSE,
several years).

For the part of the energy and relagdissions due to the power plants, the source is TERNA (see Annex 2
for further details). The quota of total energy consumption from electpoitgtuction included in category
1.A.1.b is estimated by the electricity production model on the basis of fuels used and plant location.

Al the fuel used in boilers and processes, the r
fuels (that are mostly due to statistical discrepancies) are considered to calculate enfigsidost in the
distribution network is accounted for here and not in the individual end use sector. From 2002 particular
attention has been paid to avoid dieulsounting of CQ@ emissions checking if the refinery reports of
emissions already include losses in their energy balances. IPCC Tier 2 enfiet@ms and national
emission factors are usedraported in Table 3.12.

From 2008, TERNA modified the detailed table of fuel consumption and related energy produced
introducing a more complete list of fuels. Aim of the change was to revise the consumption values of waste
fuels which are very important for estimating the contribution of reblawvi electricity production and
consequently greenhouse gases.

In Table 3.7, a sample calculation for the y2@t8is reported, with energy and emission data.
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Table 3.7 Refineries, CQemission calculation, year 208

Consumption, TJ CO, emissims, Gg

REFINERIES|Petroleum cok Ref. gas Liquid fuels Natural gajPetroleum cok Ref. gas Liquid fuels Natural gag
energy 30,836 59,160 68,545 1,799 5,268 3,942

furnace 26,376 95,861 7,175 2,566 5,591 525

TOTAL 287,953 19,691
Source:ISPRAelaborations

From 2005, the weighted average of £&ission factor reported by operators in ¢batextof the EU ETS
scheme is used for petroleum coke, refinery gas anttiessis gas from heavy residual fudike trend of the

implied emission factor is driven by the mix of the fuels used in the s@ttermain fued used are refinery

gases, fuel oil and petroleum coke, which have very different emission factors, and every year their amount
used changes resulting in annual variation of the IEF he increase in the last yeawith respect to the
nineies, of the consumption of fuels with higher carbon content, as petroleum coke and synthesis gas

obtained from heavy residual fuels, exptdime general growth of the IEF for liquid fuel reported in the CRF
for this sector.

In the following box liquid fuel consumptions of 1.Ald categorydisaggregated by fuake reported.

Liquid fuel consumptions in petroleum refining (TJ), 12908

1990 1995 2000 2005 2010 2015 2016 2017 2014
Refinery gas 119,123 136,305 124,549 153,036 153,739 132,688 116,862 124,126 126,691
Naphta 218 784 4,441 2,613 3,353 87 0 0 0
Pet coke 28,495 28,634 40,623 50,180 49,415 30,094 21,858 29,677 26,374
Synthesis gas 0 0 36,425 65,021 78,628 61,763 63,282 57,676 58,921
Fuel oil 76,881 89,310 84,589 75,301 49,638 16,552 31,545 11,578 4,855
LPG 1,243 1,151 2,026 3,408 2,717 1,704 1,566 3,089 2,471
Gasoll 43 43 5,338 11,317 897 0 0 0 0
Gasoline 0 0 0 0 0 0 0 0 0
Total 226,003 256,228 297,992 360,875 338,387 242,888 235,113 226,146 219,324

3.3.2.3 Uncertainty and timeseries consistency

The combined uncertainty in G@missionsfrom refineriesis estimated to be about 4.2% in annual
emissions; a higher uncertainty, equal to 50.1%, is calculated fera@HNO emissions because of the
uncertainty levels attributed to the related emission factors.

Montecarlo analysis has been carried out tamege uncertainty ofCO, emissions from stationary
combustion ofsolid, liquid and gaseoufuels emissions, resulting in 5.1%, 3.3% and 5.8%, respectively.
Normal distributionsvereassumedor all the parameters. A summary of the results is reported mexAh.

In Table 3.8 GHG emissions from the sector in the years 1990, 1995, 2000,20005 20152018 are
reported.

Table 3.8 Refineries, GHG emission time series

1990 1995 2000 2005 2010 2015 2016 2017 2018
COz emissions, Mt 15.8 18.0 22.2 27.9 28.3 20.9 21.3 20.6 19.7

CHs emissions, Gg 0.40 0.46 0.59 0.69 0.69 0.48 0.51 0.46 0.43
N20 emissions, Gg 0.45 0.51 0.60 0.73 0.69 0.51 0.49 0.48 0.46

Refinery, total, Mt C@eq 16.0 18.1 22.4 28.1 28.5 21.1 21.5 20.8 19.8
Source: ISPRA&Ilaborations

An upward trend in emission levels is observed from 1990 16 28plained by the increasing quantities of
crude oil processed and the complexity of process used to produce more environmentally friendly

75



transportation fuelsLiquid fuel consmptions have reached a plateau in@@&nd they are now in a
downward trend that is expected to continue, due to the reduced quantities of crude oil processed and
electricity produce@nd to the gradual substitution with natural gas fuel consumption

3.3.2.4 Souce-specific QA/QC and verification

Basic data to estimate emissions have been reported by national energy balance and the national grid
administrator. Data collectathderotherreporting obligationshat include refinerie6EU ETS, LCP andE-

PRTR datalases)have been used to creslseck the energy balance data, fuels used and emission factors
Differences and problems have been analysed in details and solved together with Ministry of Economic
Development experts,vo are in chargef prepamng the Natimal Energy Balance.

3.3.2.5 Sourcespecific recalculations

Recalculation occurred because of tipglate of energy liquid fuel consumption for the whole time series
and natural gas fuel consumptitiom 1990 to 2005 according to datammunicated by the Ministry of
Economic Development to the Joint Questionnaire OECD/IEA/EUROSTAT, after a verification and
comparison with data up to now used and available in the National Energy Balance reportsei s,
years).The submissions to the international questionnaire in some cases follow different rules and different
allocation of fuel consumptions. The comparisdws beenoriented to avoid that the use of international
statistics results in a loss offormation already used for the emission inventory.

3.3.2.6 Sourcespecific planned improvements

No specific improvements are planned for the next submission.

3.3.3 Manufacture of Solid Fuels and Other Energy Industries

3.3.3.1 Source category description

In Italy, all the iron and steel plants are integrated, therefore there is no separated reporting for the different
part of the process. A few coke and Amanufactured
and they have been reported hé&aly one small manufactured gas producing plant is still in operation from
2002.

In this section, emissions from power plants, which use coal gases, are also reported. In particular, we refer
to the electricity generated in the iron and steel plant sigiag coal gases and other f)elsn 2018 the

power plants included in this source category hgeeerated abou®% of all electricity produced with
combustion processes in ltaly.

With regardto the manufacturef other solid fuels, in Italycharcoalwas producedn the traditional way

until the sixtieswhile now itis prevalently produced in modern furnaces (e.g with the VMR system) where
exhaust gases are collected and recycled to produce the energy for the furnadehisselfstem ensures
good mangement of the exhausts and the temperature, so that any waste of enprgyerged,and
emissions are kept to a minimu®o CH, emissions from the production of charcoal are not accounted for
and the notation key NE is used in the reportadgp consicering that the emission factor available in the
Revised 1996IPCC Guidelinesin Table 14 vol.3 (IPCC, 1997), refers tproduction processes in
developing countries not applicable to our country anymdogeover,in the|PCC Good PracticeGuidance

as well as in théPCC 2006 Guidelines no guidance is supplied for charcoal production.
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3.3.3.2 Methodological issues

Fuel consumption data for the sector igorted in the BEN (MSE, several years [a]). Fuels used to produce
energy are also reported with more detail as for fuel disaggregation level by TERNA (TERNA, several
years) . From 2005 onwards, al so t he [EddtorHdr &ergyv er i f
consumptions, combustion emissions and process emissions. Other sources of information are the yearly
reporting obligations for the large combustion plants under European Directive (LCP) and for facilities under
the E-PRTR Regulation; b reporting obligationinclude most of the iron and steel integrated plants and

the only coke producing plant but not all the emission sources.

A carbon balance is done, as suggested by the IPCC good practice guidance, to avoid over or under
estimationfrom the sector. In Annex 3 further details on carbafafices of solid fuels and derived gases
used are reported.

The highimplied emission factor for solid fuels is due to the large use of derived steel gases and in particular
blast furnace gas to prode energy These gasebave beermassimilated to the renewable sources and
incentives aratill provided for their use.

Other fuels are used in @ombustion with coal gases to produce electricity and they are reported by
TERNA, see Annex 2. From 2008, tmgal gas and fuel oil consumptions reported in the CRF for this sector,
are those communicated by the operators opltets included in the sector in the framework of the EU ETS
scheme. The consumptions of these fuels, especially for natural gasylaeettimnthose reported for the
previous years. Fuel consumption reported in the sector is subtracted from the total fuel consumption to
produce energy, guaranteeing that over and under estimation are avoided.

CH, emissions from coke ovens are estimaiadhe basis of production data to take in account additional
volatile emissions due to the specific process. Averagission factors are calculated on the basis of
information communicated by the fo(three in the last yearp)ants under the PRTR reggtry.

3.3.3.3 Uncertainty and timeseries consistency

The combined uncertainty in G@missions from integrated iron and steel plants is estimated to be about
4.2% in annual emissions;higher uncertainty, equal to 50.1%, is calculated for @htl NO emissions on
account of the uncertainty levels attributedhe related emission factors.

Montecarlo analysis has been carried out to estimate uncertainGOpfemissions from stationary
combustion of solid, liquid and gaseous fuetnissions, resultingn 5.1%, 3.3% and 5.8%, respectively.
Normal distributions have been assumed for all the parameters. A summary of the results is reported in
Annex 1.

In Table 3.9 GHG emissions from the sector in the years 1990, 1995, 2000,220005 20152018 are
repoted.

Table 3.9 Manufacture of solid fuels, GHG emission time series

1990 1995 2000 2005 2010 2015 2016 2017 2018

CO, emissions, Mt 124 11.6 12.8 15.9 114 5.6 6.8 5.8 5.6
CH. emissions, Gg 4.9 3.8 2.4 1.3 0.6 0.5 0.5 0.4 0.4
N2O emissions, Gg 0.12 0.10 0.09 0.12 0.08 0.04 0.05 0.04 0.04
Total, Mt COeq 12.6 11.7 12.9 15.9 115 5.6 6.8 5.8 5.7

Source: ISPRA elaborations

The trend of C@and NO emissions is driven by the production trends combinedamtimcrease in energy
consumption required by more energy intensive produats2009 a strong reduction of emissions is
observed due to the effects of the economic recession that in 2010 dnlda®0dartially recovereth 2012

a further drop occurred for the economic crisis and for environmental constrains of the main iron and steel

77



integrated plants that should reduce its production®0lL5 a drop is still observed (arouhd Mt COy)
consigenty with the production activities reductiar the maintion and steel integrated plants

The trend ofCH, emissionds driven by the coke production trend, decreased from 6.4 Mt in 1990 to 1.9 Mt

in 2018 and by the renewal of the productmants. In particularthe strong reduction of GHemissions in

the last years is the result of the renewal of the coke production plafgsanto, started in 2005, and the
implementation of best available technologies to reduce volatile organic conspbbu009 as well as in

2013 national coke production has reduced of about 40% with respect to the previous year, determining a
loss in efficiency of the production plants and an increase of emissions by product unit (BB3dégears.

3.3.3.4 Sourcespedfic QA/QC and verification

Basic data to estimate emissions have been reported by national energy balance and the national grid
administrator. Data collectaghderotherreporting obligationghat include integrated iron and steel plants,

such as EU ET®irective, LCP andE-PRTR databaseshave been used to cresseck the energy balance

data, fuels used and emission factd#ferences and problems have been analysed in details and solved
together with Ministry of Economic Development experts, whiah iar charge to prepare the National
Energy Balance. In patrticular, in tiationalPRTR registr the integrated plants report every year thes CO
emitted at each stage of the process, coke production, sinter production and iron and steel production, which
result from separate carbon balances calculated in each phase of the production process. Moreover, total CO
emissions reported in theBRTR by the operators are equal to those reported under the E&EESISe.

The detailed analysis and comparison of tliferent data reported improved the allocation of fuel
consumption and C£emissions between 1.A.1.c and 1.A.2.a secfarsm the 2010 submission, in fact,
coking coal losses for transformation process and related emissions have been reallocatedddncler 1
instead of 1.A.2.a.

3.3.3.5 Sourcespecific recalculations

Recalculation occurred because of tipglate of energy liquid fuel consumption for the whole time series
and natural gas fuel consumptitoom 1990 to 2005 according to datammunicated by the Ministry of
Economic Development to the Joint Questionnaire OECD/IEA/EUROSTAT, after a verification and
comparison with data up to now used and available in the National Energy Balance reportseisi,
years).The submissions to the international questionnaire in some cases follow different rules and different
allocation of fuel consumptions. The comparises beenoriented to avoid that the use of international
statistics results in a loss @fformation already used for the emission inventory.

3.3.3.6 Sourcespecific plannedmprovements

No specific improvements are planned for the next submission.

3.4  Manufacturing industries and construction

3.4.1 Sectoroverview

Included in this category are emissions which originate from energy use in the manufacturing industries
included in category 1.A.2. Where emissions are released simultaneously from the production process and
from combustion, as in the cement, lime and giaslustry, these are estimated separately and included in
category 2.A.

All greenhouse gases as well as COxNEMVOC and S@emissions are estimated.
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In 2018, energy use in industry account fi.26 of total national C@emissions, @% of CHy, 4. 4% of
N20. In term of CQ equivalentthe manufacturing industry shazd2.6% of total national greenhouse gas
emissions.

Fourkey categories have been identified for this seict@®018 for level and trend assessment, using both
the IPCCApproachl andApproach2:

Manufacturing industries and constructioBO, gaseous fueld., T);
Manufacturing industries and constructio@O; solid fuels (L, T);
Manufacturing industries and constructio8O; liquid fuels (L1, T);
Manufacturing industries and consttion- N»O liquid fuels(T2).

All these categorieare key categories for 1990 at level assessment, with and without LULUCF, ex@ept N
from liquid fuels,which iskey categononly including theuncertaintyestimates.

In the following Table 3.10, GH@missions connected to the use of fossil fuels, process emissions excluded,
are reported for the years 1990, 192H00, 2005,2010 and 20152018. Industrial emissionshow
oscillations related to economic cycles.

Table 3.10 Manufacturing industry, GHG emission time series

199( 199t 200( 200¢ 201(¢ 201¢ 2016 2017 201¢

CO, emissions, Gg 89,697 88,05 93,84¢ 90,05: 67,36¢ 54,01¢ 52,60¢ 51,41¢ 52,88
CH, emissions, Gg 6.6¢ 6.92 6.01 6.4¢ 5.6¢ 11.21 11.3( 11.15 10.9¢
N2O emissions(g 4.4¢ 3.92 4.4¢ 5.0z 3.71 2.6¢ 2.5¢8 2.51 2.6(C
Industry, total, Gg C&eq 91,20 89,397 9532¢ 91,71 68,63( 5509¢ 53,65( 52,44t 53,93¢

Source: ISPRA elaborations
In Table 3.11 emissions are reported by pollutant for all the subsectors included in the sector.

Table 3.11 Trend in greenhouse gas emissions from the manufacturing industry sector, 195118

GAS/SUBSOURCE 199( 199¢ 200( 200¢ 201C 201t 201¢ 2017 201¢
CO2(Gg)

1.A.2.a Iron and Steel 24,41( 23,61¢ 21,95¢ 18,94¢ 14,41+ 10,30: 11,02« 9,327  10,00¢
1.A.2.b NonFerrous Metals 73C 87z 1,23¢ 1,16 1,097 992 99¢ 1,07t 1,13¢
1.A.2.c Chemicals 21,36: 18,58 18,000 17,17( 16,337 11,090 11,02¢ 11,22¢ 11,51
1.A.2.d Pulp, Paper and Print 3,08¢ 4,15¢ 4,20¢ 5,40« 5,10¢ 4,83¢ 4,75: 4,99¢ 4,88¢
1.A.2.e Food 3,87( 5,05¢ 6,232 5,97¢ 4,10¢ 3,431 3,331 3,69¢ 3,51%
1.A.2.f Nonmetallic minerals 21,00¢ 17,39¢ 21,32¢ 25,16¢ 18,04¢ 13,96 12,80¢ 11,55! 11,85¢
1.A.2g Other 15,22¢ 18,37: 20,87¢ 16,23( 8,25¢ 9,39¢ 8,67( 9,54: 9,97(
CH4 (Mg)

1.A.2.a Iron and Steel 3,79¢ 4,22¢ 3,09: 3,304 2,88( 2,06z 2,28( 1,96: 1,79¢
1.A.2.b NonFerrous Metals 13 1t 26 24 19 18 18 19 20
1.A.2.cChemicals 87¢ 72t 645 53¢ 541 327 31¢ 31¢ 334
1.A.2.d Pulp, Paper and Prin 77 92 11t 154 92 107 10z 10¢ 10t
1.A.2.e Food 10¢ 127 174 42¢ 731 7,63¢ 7,561 7,717 7,641
1.A.2.f Nonmetallic minerals 1,41z 1,27¢ 1,46: 1,62¢ 1,197 84z 811 82: 83z
1.A.2g Other 40¢ 461 497 412 21¢ 21¢ 20C 21¢ 23¢
N20 (Mg)

1.A.2.alron and Steel 411 414 36€ 39¢€ 294 20C 21¢ 18C 181
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GAS/SUBSOURCE 199( 199¢ 200( 200t 201C 201¢ 201¢ 2017 201¢

1.A.2.b NonFerrous Metals 13 1€ 24 23 20 18 18 19 20
1.A.2.c Chemicals 404 32z 314 317 32¢ 207 192 18¢ 19¢
1.A.2.dPulp, Paper and Print 64 82 8C 10z ac 8€ 83 87 86
1.A.2.e Food 52 52 76 87 47 172 167 17¢€ 172
1.A.2.f Nonrmetallic minerals 2,64¢ 2,28¢ 2,63( 2,98¢ 2,18: 1,42 1,352 1,36( 1,36¢
1.A.2g Other 90¢ 751 974 1,11( 807 57¢ 51¢ 502 577

Source: ISPRA&Ilaborations

A general trend of reduction in emissions is observed from 1990 &) 806the sub sectors reduced sharply
(iron and steel, non metallic minerals), other sub sectors (non ferrous metals, pulp and paper) increased their
emissions. In 2009 an ekall reduction of emissions for all the sectors occurred due to the effects of the
economic recession. In 2010 production levels restored for iron and steel, but a further significant drop is
notedin 2013 due to environmental constraints of the mairgnated iron and steel plant in Italy, located in
Taranto, which had to reduce its steel production level. Non metallic minerals emission trend is driven by the
cement industry which strongly reduced its production levels in 2009 and further in 2013afionred the
economic recession and the crisis of building construction secforther decrease of this sector is observed

in 2016 and 2017The increasing trendf CH, emissions in the last yeaespeciallyfor food industry is

driven by the increasef biomass used as a fuel in this seatith a peak in 2014The decreasing trend of

CO; and NO in the last yearss driven by the trend ohorrmetallic minerals industrgmissions due to the
reduction trend of cement productions.

3.4.2 Sourcecategory description

The category 1.A.2 comprisesgvensources: 1.A.2.a Iron and Steel, 1.A.2.b Nearrous Metals, 1.A.2.c
Chemicals, 1.A.2.d Pulp, Paper and Print, 1.A.2.e Fb@d2.f Nonmetallic minerals1.A.2g Other.

Iron and steel

The main proesses involved in iron and steel production are those related to sinter and blast furnace plants,
to basic oxygen and electiaccfurnaces and to rolling mills.

Most of emissions are connected to the integrated steel plants, while for the otherthpdantain energy

source is electricity (accounted for in 1.A.1.a) and the direct use of fossil fuels is limited to fiegding
heating of steel in the intermediate part of the process.

There were four integrated steel plants in 1990 that from 200&edueed to twpwith another plant that

still has a limited production of pig iromevertheless, the steel production in integrated plants has not
changed significantly in the 199D08 period due to an expansion in capacity of the two operating plants.
From 2015 only one integrated plant remains in operafibe.maximum production was around 11 Mt/y in

1995 and in 2002008, with lower values in other years and the lowe5thf in 2018

It has to be underlined that the integrated steel plants incladetee cogeneration of heat and electricity
using the recovered fAcoal gaseso from various ste
coke oven gas. Al emi ssions due to t he fectrityl gas
grid operatad gearly reports and are accounted in the category 1.A.1.c. No detailedatifmnis available

for the heat produced, so the emissions are included in source category 1.A.2.a.

With the aim to avoid double countingogess emissits resultingfrom the iron and steel subcategamne
reporedin the industrial processes sectGHs emissions are estimatéor each emitting activitiesgccording

to the classificatiorof activities described in the EMEP/EEA guidebauold consequently lacated at the
combustion or industrial processes sector in consideration of the relevant methodologicaMeseeés.

details, CHs process emissions for pig iron and steel production are already allocated itwluikgial
processes sector as well fagjitive CH, emissions from coke productidhat are reported under fugie
emissions whiléCH, emissions from the combustion of fuels are allocated to the energy sector.

This subsector isne of the most importaof 1.A.2 categoryand accountsn 2018, for 18.7% of total 1.A.2

GHG emissios, and2. 4% of total national emissions.
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NonFerrous Metals

In Italy, the production of primary aluminiurstopped in 2013and was?32 Gg in1990)while secondary
aluminiumaccounts foB50 Gg in 1990 an@84 Gg in2018 These productionshowever use electricity as

the primary energy source so the emissions due to the direct use of fossil fuels are limited.

The sub sector comprises also the production of othefferomus metals, both primary and secondary
copper lead, zinc and others; but also those productions have a limited share of emidsigmssium
production is not occurringrhe bulk of emissions are due to foundries that prepare mechanical pieces for
the engineering industry or the market, using altkiof alloys, including aluminium, steel and iron.

Chemicals

C0O,, CH; and NO emissions from chemical and petrochemical plants are included in this sector.

In Italy there are petrochemical plants integrated with a nearby refinery and stand alone plants that get the
inputs from the market. Main products &thylene, Propylene, Styrene.

In particular, ethylene and propylene are produced in petrochemicalrindystteam cracking. Ethylene is

used to manufacture ethylene oxide, styrene monomer and polyethylene. Propylene is used to manufacture
polypropylene but also acetone and phenol. Styrene, also known as vinyl benzene, is produced on industrial
scale by catlytic dehydrogenation of ethyl benzene. Styrene is used in the rubber and plastic industry to
manufacture through polymerisation processes such products as polystyrene, ABS, SBR rubber, SBR latex.
Except for ethylene oxidevhose productiorhas stoppedn 2002, the other productions of tladove
mentionedchemicals still occur in Italy. Activity data are stable from 1990 td22@vith limited yearly
variationsalong the timeseries and a reduction in the last years

Chemical industry includes non organiceaticals as chlorine/soda, sulphuric acid, nitric acid, ammonia. A
limited production of fertilizers is also present in Itafyom 1990 to 208 the sum of productions of this

source categorlias greatly reducedh 2018 it was about lkalf of theproductian in 1990.

This source category does include some emissions from the cogeneration of electricity. Due to the
transformation of some of those plants in power plairsctly connected to the griénd so reported in
category 1.A.l.athe percentage of theaegory 1.A.2.c C@emissions due to electricity generation has
reduced froml990 to 208. This subsector accounia 2018, for 21.9% of total 1.A.2GHG emissios, and

2. 7% of total national emissions.

Pulp, Paper and Print

Emissions from the manufacturing of paper are included in this source category. In Italy the manufacture of
virgin paper pulp is rather limited, with a production feediegs than 5%f the paper produced in 28

Most of the pulp was imported in 1990, fehin 2018 half of the pulp used is pduced locally frm recycled

paper. The paper production is expanding and activity data (total paper prodece@)2 Mt in 1990 and

9.1 Mt in 2018. The printing industry represents a minor part of the source categussions.

This source category includes also the emissions from the cogeneration of electricity. Due to the
transformation of some of those plants in power plants directly connected to the grid (and so reported in
category 1.A.1.a), the percentage loé tcategory 1.A.2.d GCemissions due to electricity generation has
strongly reducedtfom 1990 to 2Q8.

Food

Emissions from the food production are included in this source category. In ltaly the food production
industryis expanding. A comprehensive adtijvdata for this sector is not availabl@ore in detail while
energy data are those reported in the national energy balance for this sector, information at subsector and
technological level is not available and only few plants are part of the &W8gyfuel consumption was
estimated to b62 PJ in 1990 and10PJ in 28, about half of energy consumptions derives from biomass
Value addedt constant pricelsas increased of 0.6% per years from 1990 to 200&kamalst constarfrom

2004.

This source cagory also includes emissions from the cogeneration of electricity. Due to the transformation
of those plants in power plantirectly connected to the gridnd so reported in category 1.A.1.the
percentage of the category 1.A.2.e Cfnissions due to ettricity generation haseducedfrom 1990 to

2018.

Non-metallic minerals

This sector,which refers toconstruction materials, is quite significant in terms of emissions due to the
energy intensity of the processes involved. Construction materials subsexides the production of
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cement, lime, bricks, tiles and glass. It comprises thousands of small and medium size enterprises, with only
few large operators, mainly connected to cement production. Some of the production is also exported. The
descriptionof the process used to produce cement, lime and glass is reported in chapter 4, industrial
processes.

The fabrication of bricks is a rather standard practice in most countries and does not need additional
description; fossil source is mainly natural gageculiar national circumstance is the fabrication of tiles, in
which are involved many specialised Aindustri al
enterprises are able to manufacture world level products for both quality and spdeedxeverywhere.
Generally speaking, the processmplementedare efficient with reference to the average European level

and use mostly natural gas as the main fossil source since the year 2000.

The activity data of industries oriented to so differaarkets are, of course, peculiar to each subsector and it

is difficult to identify a common trend. The productions of cement, lime and glass are the most relevant from
the emissions point of view.

This subsector ithe most importandf 1.A.2 categoryand accountsn 2018, for 22.8% of total 1.A.2GHG
emissiors, and2.9% of total national emissions.

Other

This sector comprises emissions from many different industrial subsectors, some of which are quite
significant in Italy in terms of both e added and export capacity.

In particular, engineering sectors (vehicles and machines manufacturing) is the main industrial sub sector in
terms of value added and revenues from export and textiles was the second subsector up to year 2000.
Theremainigp Aot her industrieso include furniture and
not negligible amounts of emissions.

This source category includes also emissions from the cogeneration of electricity. Due to the transformation
of some of thos plants in power plantdirectly connected to the grid, reported in category 1.Athe,
percentage of the category 1.AZ0, emissions due to electricity generation heguced in the last years

This subsector accounts 2018, for 18.8% of total 1A.2 GHG emissiors, and 2.4% of total national
emissions.

3.4.3 Methodological issues

Energy consumption for this sector is reportethenBEN (see Annex 5). The data compspecification of
consumption for 13 subectors and more than 25 fuels.e3é verydetailed data, combined with industrial
production data, allow for a good estimation of all the fuel used by most industrial sectors, with the details
required by CRF format. With reference to coal used in the integrated steel production plants thiesquantit
reported in BEN are not used as such but a procedure has been elaborated to estimate the carbon emission:
linked to steel production and those attributable to the coal gasesered for electricity generation, as
already mentioned in paragraph 3.4 e detailed calculation procedure is described in Annex 3. Moreover,

a part of the fuel input is considered in the estimation of process emissions, see chapter 4 fdetaither

The balance of fuel (total consumption minus industrial processesurogtion) is considered in the
emission estimateCO, emission factors usefibr 2018 are listed in Table 3.12. The procedure used to
estimate the national emission factordescribed in Annex 6. These factors account for the fraction of
carbon oxidisedgual to 1.00 for solid, liquid and gaseous fuels, as suggested by the IPCC 2006 guidelines
(IPCC, 2006).

For some fuels as natural gas, coal and residual oil, country specific emission factors are available for the
whole time series; so their time series takes into account different oxidation factmngling to the
improving of combustion efficiency occudén the nineties, but considering the value equal to 1.00 from
2005.

For petroleum coke, synthesis gas from heavy residual, refinery gases, iron and steel derived gases, coking
coal, anthracite, coke oven coke from 2005, and for residual gases frontghgmcesses, from 200C0;

emission factors have been calculated based on the data reported by operators under the EU ETS scheme
See Annex 6 for further details.
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For the other fuels, where national information was not available, default emissions faicivided by the
IPCC 2006 Guidelinesave been used (IPCC, 2006).

Table 3.12 Emission Factors for Power, Industry and Civil sector

tCO/TJ tCO/ t tCO/ toe

Liquid fuels
Crude oll 73.300 3.101 3.067
Jet gasoline 70.000 3.101 2.931
Jet kerosene 71.500 3.153 2.994
Petroleum Cokén industry* 93.680 3.122 3.922
Petroleum Coke in refineries* 97.287 3.422 4.073
Gasoil 74.100 3.186 3.102
Orimulsion 77.000 2.118 3.224
Fuel oil* 76.690 3.144 3.211
Heavy residuain refineries* 79.824 3.109 3.342
Synthesis gas from heavy residual 109.145 1.009 4.570
Residual gases from chemical processes* 50.793 1.864 2.127
Otherchemical gases* 56.475 2.441 2.364
Gaseous fuels
Natural gas 57.512 1.972 (sm) 2.408
Solid fuels
Steam codl 94.328 2.345 3.949
"sub-bituminous” coal 96.100 1.816 4.024
Lignite 101.000 1.202 4.229
Coking coat 95.361 2.974 3.993
Anthracite* 100.405 3.005 4.204
Cokeoven coke* 108.864 3.218 4.558
Biomass
Solid Biomass$ (94.600) (0.962) (3.96)
Derived Gases
Refinery Gas* 58.325 2.657 (sm) 2.442
Coke Oven Gas* 44.008 0.763 (sm) 1.843
Oxygen converter Gas 192.862 1.353(sm) 8.075
Blast furnace* 250.282 0.862 (sm) 10.479
Other fuels (fossil)

- . N 94.746
Municipal solid waste 1.086 4.549
Industrial solid waste* 80.019 2.034 2.420
* country specific emission factors

Source: ISPRA elaborations

Other sources of information are the yearly survey performed fdE-BPIRTR, since 2003, antde EU ETS;

both surveysnclude main industrial operators, but not all emission souhegmrticular from2005 onwards

the detailed reports by operators subjecEU ETS constitute a valuable source of data, as already said
above with reference to oxidation factarsd average emission factors

In general, in the industrial sectothe ETS data source is used for cross checking BEN data.
Energy/emissions data from EU ETS survey of industrial sectors should be normally lower than the
corresponding BEN data because only part of the installations / sources of a certain industrial sabesecto
subject to EU ETS. In case of missing sources or lower figurdkeiBEN than ETS, at fuel sector level, a
verification procedurés carried out

Since 2007 data, ISPRyerifiesactual datarbm both sources and communicates potedisdrepancieso

MSE. Thus,a verification proceduris startedhat can eventually modify BEN data. However, we underline
that EU ETS data do not include all industrial installations and cannot be used directly to estimate sectoral
emissions for a series of reasond thi#l be analyzed in the following, sector by sector.

Biomass fuel consumption in the sector is driven by the use of wood in thmetatic sub category and
biogas from agriculture residues in the food sub category. The trend of the implied emission dee
drivenin the last yearby theexponential increase of the biogas fuel consumptibserved mainly in the

food processing industrnand thestrong decrease of wood consumptionindustry, as supplied by the
national energypalance (MSE, severgears [a]).
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Other fuels include industrial waste fuel consumption reported in thenetallic mineral sub categoryhe

use of industrial waste in manufacturing industries is linked to the use in the last 10 years in cement
production plants and refers the consumption of RDF (Refuderived Fuel), plastics, tyres, waste oils and
solvents.The average emission factor time series is reported in Table A6.12 of Annex 6hané ibeen
derived from data reported to the ETS by the plants using that fuel.

Iron and steel

For this sector, all main installations are included in EU ETSphblyt from 2013all sources of emissian

are includedIn the previous yearsnty part of the processes of integrated steel makiagsubject to EU

ETS, in particular the marfacturing process after the production of row steel was excluded up to 2007 and
only the lamination processes have been included from 2008.

So the EU ETS dathave beerof limited use for this subsector and the procedure set up starting from the
total carbon input to the steel making process, is the most comprehensive one to estimate the emissions to be
reported in 1.A.2, see Annex 3 for further details.

Of course, dia available from EU ETS are used for crohgcking the national energy balance data, with an

aim to improve the consistency of the data set.

These plants are also reported HPETR, but not all sources are included.

The low implied emission factors amadinual variations in the average £ission factor for solid fuel are

due to the fact that both activity data and emissions reported under this category include the results of the
carbon balance (see Annex 3 for further detaille implied emission dor for 2018 is equal to 72.0 t/TJ

and the trend is quite stable with figures around/Y@ CH, implied emission factor is equal 89.5kg/TJ

in 2018 and it is higher than the default emission factors because of the specificities ofptioedas
comhustion activities.The sintering process is a greatment step in the production of iron in which metal

ores, coke and other materials are roasted under burners, involving the mixing of combustion products and/or
the fuel with the product or ramnateriab (EMEP/EEA, 209). Apart from combustion emissions, the
heating of plant feedstock and product can lead to substantiar@idsions which are to be accounted for in

the combustion process.

NonFerrous Metals

These plants are mostly excluded from EU EP8mary aluminium producing plantshould have been
included from 2013, buheonly Italian plant closed in the same yeBheseproduction processese alsdn

the scope of th&E-PRTR surveywhich collects als information concerning emissions to air, but since these
facilities usuallydo notexceedthe emissiorthresholé for mandatory reportinthe information regarding
emissions to air is not reported by the operatAcgording to the national Energy Balanoo solid fuels
have been used since 2016 in this subsector.

Chemicals

The use of EU ETS data for this subsector is rather complex because generally chemical plants are excluded
from EU ETS while petrochemical plaptghich reportalsounder the EPRTR are includedrom 2013 In

this case, the data set is used for cross checking BEN dataert®oned in paragraph 3.4.1, also a small
amount of emissions connected to the production of electricity for the onsite use is reported in source
1.A.2.c, basic da are taken fronTERNA reports and the relative subsector amount is estimaithda

model.

In this category, biomass refers to the steam wood fuel consumption as available in the BEN. The relevant
CO; emission factor is reported in Table 3.12 above.

Fud consumptions of derived chemical and petrochemical fudigh could be considered as petrol derived

fuels, were reported in the pastthefiother fossil fuel category for chemicals industries. With the aim to
improve the comparison between refereand sectoral approachéisese fuels have been reportettler the

liquid fuel category. The average €émission factor at sectoral leviet liquid fuelsis driven by the weight

of synthesis gases from chemical processes fuel consumgitonselevant O, emission factor is reported

in Table 3.12 above.

Pulp, Paper and Print

Most of the operators in the paper and pulp sector are included in EU ETS, while only a few of the printing
installations are included.

CH; and NO emissions from biomass fuel consumption in the seaterjncluded irthe inventory on the

basis of the lwmass fuel consumption reported in the annual environmental report by the industrial
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association (ASSOCARTA, several years) and to the EU ETS. Statistidtsomass fuel consumption
appears from 1998According to the information supplied by the industr@dsociation of the sector,
ASSOCARTA, a fewplants started to use biomassm 1998. The use of biomass has an increasing trend
till 2008 whilein 2009 the use of biomass sharply redua@tl a further reduction in the following years to
return in the lasyears at the same level of 200Rrom 2008 information is directly reported by the
production plants in the framework of the BFSand a reduction in the IEF is observed as a consequence
of increase in energy efficiency of the biomass fuel usedtheyears from 1990 to 1997 the use of biomass
for energy purposes in the pulp and paper industry has been assumed not ocBiorirags fuel
consumption includesspeally black liquor, from 1998 to 2007, but also industrial sludge and biogas from
industrial organic wastes. From 2013 only biogas is included and, in 2018e@Gsion factor is equal to
54.5t/TJ.

Food

Emissions from the food production are included in this source category. A comprehensive activity data for
this sector is not available; tlsabsector comprises many small and medium size enterprises, with thousands
of different productsLimited info on this sector can be found in ETS survey, the sector is not included in the
scope of ETS.

Liquid fuel refersto fuel oil and LPG fuel consumpn driving the variability of the averageemission
factors.

For the years up to 2002, solid fuel consumption was magatiyedto the consumption of coke and small
amount of lignite. Fom 2012the fuel consumption and relevarhission factorsefersonly to anthracite

Biomass includes fuel consumption of steam wood and birgas food industrial residualThe CH

implied emission factor time serigs driven by the mix ofthesefuels. In this sectoremissions are
prevalentlyfrom biogas from food indusgrresidwal or in the paper industryith an EFof CHsequal to 18

kg/TJ, while in the other manufacturing industries biomass refers to wood and similar with an emission
factor for CH equalto 28 kg/TJ.

CH, emissions from biogas fuel combustion take in account the technology used to produce energy and heat
from biogas combustion, usually stationary engines, which is not fully efficient and results in higher
emissions of VOC, CO and PM. The ission factor is reported in the Corinair Guidebook
(EMEP/CORINAIR, 2007) as the maximum for stationary engines. We plan to collect the relevant
information at plant level to update this emission factor taking into account the improvement in technology
in the last years with respect to the nineties

Biogashas an emission factor for-®, equal to3 kg/TJ, while wood and similahave an emission factor
equal tod kg/TJ.

Non-metallic minerals

This sector comprises emissions from many diffeirehtistrial subsectors, some of which are subject to EU
ETS and some not. Construction material subsector is energy intensive and it is subject to EU ETS. In th
national energy databgsthe data for construction material are reported separately andahdyeccross
cheeked with ETS survey. However, in the construction material subsector, there are many small and
medium size enterprises, so the operators subject to ETS are only a part of the total.

Biomass includes wood fuel consumption and other non erdional fuels especially used in the
construction material subsector. £éinission factor is equal to 27.5 kg/TJ and refers to the use of these non
conventional fuels for the cemamoduction (EMEP/EEA, 2009).

Industrial waste fuel consumption is alswluded in thissubcategoryCHs and N>O emission factors are

equal to 3 kg/TJ and 15 kg/TJ respectively.

Other
This sector comprises emissions from many different industrial subsentinty notsubject to EU ETS.

3.4.4 Uncertainty andtime-series consistency
The combined uncertainty in GGmissionsfor this categoryis estimated to be about 4% in annual
emissions; a higher uncertainty is calculated for @kt NO emissions on account of the uncertainty levels

attributed to the relatd emission factors and the difference in emission factors between the industrial
subsectors, sources 1.a:8.a
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Montecarlo analysis has been carried out to estimate uncertain@Opfemissions from stationary
combustion of solid, liquid and gaseouslfuemissions, resulting in 5.1%, 3.3% and 5.8%, respectively.
Normal distributions have been assumed for all the parameters. A summary of the results is reported in
Annex 1.

Time series of the industrial energy consumption data are contained in therB&bkties and in the CRFs
and are reported in the following table.

Table 3.13 Fuel consumptions for Manufacturing Industry sector, 199Q018 (TJ)

1990 1995 2000 2005 2010 2015 2016 2017 2018
1.A.2 Manufacturing

Industries and 1,300,747 1,333,654 1,446,718 1,391,917 1,044,727 882,805 870,094 875,255 888,360
Construction

a. Iron and Steel 330,990 318,987 313,376 298,247 228,392 152,599 167,046 146,583 152,877
b. NonFerrous Metals 11,916 14,708 20,276 19,774 18537 16,968 17,035 18,498 18,613
c. Chemicals 320,112 288,273 279,930 257,657 241,335 169,001 168,149 172,655 175,380

d. Pulp, Paper and Print 50,730 70,189 73,713 94,498 88,256 83,986 82,232 86,684 84,964

e. Food Processing,
Beverages and Tobacco

f. Non-metallic minerals 278,929 255,293 306,930 363,170 261,735 201,447 191,867 182,818 186,617

62,370 84,987 103,004 99,007 73,493 108,813 106,836 113,121 109,844

g. Other 245,699 301,216 349,489 259,564 132,980 149,991 136,928 154,897 160,066

Source: ISPRA&Ilaborations

Emission levels observed from 1990 to 20fre nearly constant with some oscillations, linked to the
economic cycleand reflecting the develop of national sectoral industries, as paper and\f@odear 206

the general trend is downward, with oscillations due to the economic aydiesriesbut also reflectinghe
delocalisation of productionsn some specific stors aschemicals and textiléndustry, see Table 3.11
above. The underlining reason for the reduced emissions is the reduced indugitiglandhe increase in
energy efficiency. For the iron and steel seasrwell as for the non metallic mineralsctor,a drop is
observedn the last yeargoherentwith the reductiorof the production activitiesn the main nationalron
and steel integrated plargad in the cement production industry respectively.

3.4.5 Sourcespecific QA/QC and verification

Basic data to estimate emissions have been reported by national energy balance and the national grid
administrator. Data collected by other surveys that incklddeTS andE-PRTR surveys have been used to
crossi check the energy balance data, fuels used andBfferences and problems have been analysed in
details and seokd together with MSE experts.

The energy data usedéstimate emissions reported iable1.A.2 have two different levels of accuracy:

1 in generalthey are quite reliabland their uncertainty is the same of the BEN; as reported in Annex
4 the BEN survey covers 100% of import, export and production of energy; the total industrial
consumptionestimate is obtained subtracting from the ttha&l known energy quantities (obtained
by specialized surveys) used in electricity production, refineries and the civil sector.

1 the energy consumption at sub sectoral level (sources 1-@).Bastimated byMSE on the basis of
sample surveys, actual production and economic data; theréfersternal distribution on energy
consumption has not thamse grade of accuracy of the total data.
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3.4.6 Sourcespecific recalculations

Recalculation occurred becausetioé (pdate of energy liquid fuel consumption for the whole time series
and natural gas fuel consumptitiom 1990 to 2005 according to datammunicated by the Ministry of
Economic Development to the Joint Questionnaire OECD/IEA/EUROSTAT, after a vaoificahd
comparison with data up to now used and available in the National Energy Balance reports (MSE, several
years).The submissions to the international questionnaire in some cases follow different rules and different
allocation of fuel consumptions. €hcomparisornas beenoriented to avoid that the use of international
statistics results in a loss of information already used for the emission inventory.

The recalculation of the 1.A.2 subsector resulted deaeaseof -2.2%, -1.4% and-1.0% in1990andan
increase 0R.6%, 0.9% an®.1% in 20X for CO,, CHs and NO respectively.

3.4.7 Sourcespecific planned improvements

With the aim to improve the comparison with the international statistics and the relevant definition and
classification of fuels wera progressively updating the emission inventory adopting the energy balance
activity data provided by the Italian Ministry of Economic Development to the international organization
after verification that these time series data reflect the relevant emissentory categories.

A revision ofbiomass and wasfeel consumption time series is planned for the next submission on the basis
of energy data communicated by the Ministry of Economic Development to the Joint Questionnaire
OECD/IEA/EUROSTAT, after a verification and comparison with data up to now useavaitdble in the
National Energy Balance reports (MSE, several yebialional Energy Balances are available in Italy from
1970 with the same format and comparable data. The submissions to the international questionnaire in some
cases follow different rels and different allocation of fuel consumptions. The comparison is oriented to
avoid that the use of international statistics results in a loss of information already used for the emission
inventory. Moreoverwe will check where along the time series roypas occurred and for which matter
(simple updates of annual data or something related to the different reporting rules).

3.5 Transport

This sector shows decrease in emissionsnly in the last yearsreflecting the trend observed in fuel
consumption for road transportatievhich accounts for more than 90% of GHG sectoral emissibng

mobility demand and, particularly, the road transportation share have increased in the period from 1990 to
2018 although since 2@emissions from thisedor begin to decrease.

In 2018 the sector is responsible of 24.4% of total national GHG emissions and 30.3% of the GHG energy
sector emissions.

Emissions show @ncrease of abou?.0% from 1990 to2018 and this results from an increase of about
26.8% from 1990 td2007and from a decrease of abel®.3% from 2007to 2018;despite of an inversion of

the trend between 2013 and 2014, a further reduction is observed between 2015 and 2017, while 2018
emissions show the same level of 2016 estimaesconsagnce of a genergrowthof economy

In 2012 a drop is observed CO, emissions due to aharp reduction of gasoline and diesel fuel
consumption for road transport, explained mainly by the economic crisis, contributing to the reduction of
movements ofpassengers and goods, and in a minor way by the penetration in the market of low
consumption vehicles.

The time series of COCH, and NO emissions, in Mt C@equivalent, is reported in Table 3.14; figures
comprise all the emissions reported in table.(a)s3 of the CRF.
Emission estimates are discussed below for each sub sector.

The trend of NO emissions is related to the evolution of the technologies in the road transport sector and the
distribution between the different fuels consumption.
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Methaneemission trend is due to the combined effect of technological improvements that limit VOCs from
tail pipe and evaporative emissions (for cars) and the expansion-oitfteslers fleet. It has to be underlined
that in ltaly there is a remarkable fleet of tarbikes and mopeds (abal®.1 million vehicles in2018 that

use gasoline anitlincreased of abol3.0% since 1990 (this fleatot completelycomplies with strict VOC
emissions controls)

Table 3.14 GHG emissions for the transport sector (Mt C@eq.)

1990 1995 2000 2005 2010 2015 2016 2017 2018
CO: Mt COzeq 100.30 111.51 121.41 126.60 114.18 105.06 103.64 99.77 103.10
CHs Mt COzeq 0.91 1.02 0.77 0.51 0.32 0.23 0.22 0.21 0.20
N20 Mt COz eq 0.97 1.72 1.62 1.43 1.04 0.96 0.96 0.94 0.97
Total, Mt CO:
eq. 102.18  114.25 123.80 128.54 115.54 106.25 104.82 100.92 104.26

Source: ISPRA elaborations

CO; from road vehicles is key category both in 1990 304§ in level and trend (Tier 1 and Tier 2) with
and without WWLUCF.

CO; from waterborne navigation is key category both in 1990201@ in level (Tier 1) with and without
LULUCF.

CO; from civil aviationis key category: ir2018 in level and trendTier 1), with and without. ULUCF; in
1990, in levelTierl) with LULUCF.

CHa deriving from road transportation is key category2018 in trend (Tier2), without LULUCF and in
1990 in level (Tier 2) without ULUCF.

N2O deriving from road transportation is key categor§980in level (Tier 2) withouL ULUCF.

3.5.1 Aviation

3.5.1.1 Source céegory description

The IPCC methodology requires the estimation of emissions for category 1.A.3.a.i International Aviation and
1.A.3.a.ii Domestic Aviation, including figures both for the cruise phase of the flight and the landing and
takeoff cycles (LTQ. Emissions from international aviation are reported as a memo item, and are not
included in national totals.

Civil aviation contributes mainly in rising GGemissions. Ckand NO emissions also occur and are
estimated in this category but their conttibn is insignificant.

In 2018total GHG emissions from this source category vedraut 22% of the national total emissions from
transport and abou0.5% of the GHG national total (in terms of €@nly, the share is almost the same).
From 1990 t®2018 GHG emissions from the sector increase®b2% due to the expansion of the aviation
transport mode; neverthelesiace 2010 a reduction is observed in GHG emissions, amtil 4% due both

to thereduction od domestic flights and to an increase of energy efficiency in the new ai@oat&lering
the years 2012018 only, after the minimum GHGs emissions registered in yearsZIH, there is a rise
in the emissions from aviation in years 2@A¥18. Therefore, emission fluctuations over time are mostly
dictated by the growth rates in the numbedamestidlights.

CO;, deriving from civil aviationis key category in 2018, itevel and trend (Tier 1), with and without
LULUCF.

3.5.1.2 Methodological isues

According to the IPCC Guidelines and Good Practice Guidance (IPCC, 1997; IPCC, 2000; IPCC, 2006) and
the Guidebook (EMEP/CORINAIR, 200EMEP/EEA,2019, a national technique has been developed and
applied to estimate emissions.

The current method estimates emissions from the following assumptions and information.
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Activity data comprise both fuel consumptions and aircraft movements, which are available in different level
of aggregation and derive from different sources as spdditere below:

1 Total inland deliveries of aviation gasoline and jet fuel are provided in the national energy balance
(MSE, several years [a]). This figure is the best approximation of aviation fuel consumption, for
international and domestic use, butstreported as a total and not split between domestic and
internationaland include fuel used f@ngines and airframe testing

1 Data on annual arrivals and departures of domestic and international landing aoff t3ictes at
Italian airports are reporteby different sources: National Institute of Statistics in the statistics
yearbooks (ISTAT, several years [a]), Ministry of Transport in the national transport statistics
yearbooks (MIT, several yearshe Italian civil aviation in the national aviatiotagstics yearbooks
(ENAC/MIT, several years)which reporttotal national and international commercial air traffic,
schedutd and not scheduled flights includicigarter and airtaxEUROCONTROL flights data time
series 2002 2018(EUROCONTROL several years).

An overall assessment and comparison with EUROCONTROL emission estimates was carried out which
lead to an update of the methodology used by Italy for this category. Data on the number of flights, fuel
consumption and emissidiactors were provided by EUROCONTRGAK the framework of a specific
project funded by the European Commission, qnality checked byhe European Environmental Agency

and its relevant Topic Centr&TC/ACM), aimed at improving theeporting andhe quality of emission
estimates from the aviation sector of ed€b Member Stateunder both theUNFCCC and LRTAP
conventions. fie Advanced Emissions Model (ABMvas applied by Eurocontrol to derive these figures,
according to a TieB methodology (EMEP/EEA2019.

EUROCONTROL tiel and emissionsme serieover the period 2008018, while the number of flights

are availablesince 2002. In this year submission, EUROCONTROL data, related to the number of flights in
Italy, have been used to update the nationalntorg from 2002, while fuel and emissions datve been

used since 2005.

For the time series from 1990 to 1999, figures for emission and consumption factors are derived by the
EMEP/CORINAIR guidebook (EMEP/CORINAIR, 2007), both for LTO cycles and cruisesgs, taking

into account national specificitie¥hese specificities deridefrom the results of national study which,

taking into account detailed information on the Italian air fleet and the ategtination flights for the year

1999, calculated ni@nal values for both domestic and international fligbtshe same yegiRomano et al.,

1999; ANPA, 2001; Trozzi et al., 2002 (a)) on the basis of the default emission and consumption factors
reported in the EMEP/CORINAIR guidebk. These ational aveage emissions and consumption factors
were thereforaused toestimateemissionsfor LTO cycles and cruise both for domestic and international
flights from 1990 to 1999.

Specifically, for the year referred to in the survey, the method estimates emissionthé number of
aircraft movements broken down by aircraft and engine type (derived from ICAO database if not specified)
at each of the principal Italian airports; informatemoutwhether the flight is international or domestic and
therelateddistanceravelled has also been considered.

A Tier 3 method has been applied for 1990fact, figures on the number of flights, destination, aircraft fleet
and engines ha been provided by the local airport authorities, national airlinesEAlOCONTROL,
covaing about 80% of the national official statistics on aircraft movements for the relevant years. Data on
060Times in moded have also been supplied by the
airports have been carried out on the basiprefiious sectoral studies at local level. Consumption and
emission factors are those derived from the EMEP/CORINAIR guidebook (EMEP/CORINAIR, 2007).
Based on sample information, estimates have been carried out at nationafrdevel990 to 1999
considemg the official statistics of the aviation sector (ENAC/MIT, several yeard)applying the average
consumption and emission factors

From 2005, fuel consumption and emission factors were derived from the database made available to EU
Member States by EUROCONTROL, as previously described. These data were used for updating fuel
consumption factors, and emission factors of all pollutdfds.the period between 1999 and 2005, where
relevant, a linear interpolation has been applied to calculate these parameters.

Estimates were carried out applying the consumption and emission factorsnititmal official aviation
statigics (ENAC/MIT, <veral years)and EUROCONTROL data on movements from 2002
(EUROCONTROL several yeals
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In general, to carry out national estimates of greenhouse gases and other pollutants in the Italian inventory
for LTO cycles, both domestic and international, condionp and emissions are calculated for the complete

time series using the average consumption and emission factors multiplied by the total number of flights. The
same method is used to estimate emissions for domestic cruise; on the other hand, foonatecnaise,
consumptions are derived by difference from the total fuel consumption reported in the national energy
balance and the estimated values as described above and emissions are therefore calculated.

The fuel split between national and internatibfuel use in aviation is then supplied to the Ministry of the
Economical Development to be included in the official international submission of energy statistics to the
IEA in the framework of the Joint Questionnaire OECD/EUROSTAT/IEA compilation tegettth other

energy data.

Data on domestic and international aircraft movements from 92018 are shown in Table 3.15 where
domestic flights are those entirely within Italy.

Since 2002, emission time series have been updated on the basis of EURRGONights data,
considering departures from and arrivals to all airports in Italy, regarding flights flying under instrument
flight rules (IFR), including civil helicopters flights and excluding flights flagged as military, wheabiinee

flights they @n be identifiedwhile, from 1990 to 2001, data from ENAC have been u&dAC/MIT,
several yeals

Table 3.15Aircraft Movement Data (LTO cycles)

1990 1995 2000 2005 2010 2015 2016 2017 2018
Domestic flights 186,446 199,585 319,963 350,140 354,520 280,645 277,872 281,498 284,646
International flights 139,733 184,233 303,747 381,206 406,990 425,410 446,817 462,896 484,764

Source: ISTAT, several years [a]; ENAC/MIT, several yersocontrol, several years.

Emission factorsire reported in Table 3.16 and Table 3.17.

CO; and SQ, emission factors (in kg/TJ) degkon the fuel quality and they habbeen assumed according
to the information available in literature that the quality of jet fuel does not chante iperiod. C®
emission factorare those in the 2006 IPCC GuidelifBCC, 2006)while SGQ emission factois equal to

1 kg/t of fuel.

For N.O, because of emission factors are not availablengine/airplane leveh the relevant EMEP and
IPCC Guidelines which are based on the ICAO databasethan2l006 IPCC Guidelines default value has
been usedequal ta2 kg/TJ(IPCC, 2006)

For the other gasemcluding CH, emission factors depend from the technologies and vary in the time series
according to theurveys as already described in this paragraph

Table 3.16 CO2 and SO emission factors for Aviation (kg/t) 19962018

COA SOz
Aviation jet fuel 849 1.0
Aviation gasoline 839 1.0
a Emission factor as kg carbonl/t.
Table 3.17Non-CO: emission factors for Aviation (20B)
Units CH4 N,O NOx CO NMVOC Fuel
Domestic LTO kg/LTO 0.134 0.055 8.056 6.614 1.006 628,398
International LTO kg/LTO 0.169 0.069 11.013 7.739 1.0% 787,98
Domestic Cruise kg/t fuel - 0,090 15,87 4573 0.625
International Cruise kgft fuel - 0,080 15,249 2.187 0.278
Aircraft Military 2 kgt fuel 0.400 0.200 15.800 126.000 3.600

Source:(?) EMEP/CORINAIR, 2007TEMEP/EEA 2016; Eurocontrol, several years
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Total fuel consumptions, both domestic and international, are reported by LTO and cruise in Table 3.18.

Table 3.18Aviation jet fuel consumptions for domestic and international flights (Gg)

1990 1995 2000 2005 2010 2015 2016 2017 2018

Gg
Domestic LTO 111 120 208 233 227 168 166 169 179
International LTO 130 175 258 268 295 327 343 353 382
Domestic cruise 357 384 654 664 702 524 524 542 562
International cruise 1246 1688 2297 2459 2536 2748 2966 3233 3359

Source: ISPRA elaborations

Emissions from military aircrafts are also estimated and reported under categorly Ods.

The methodology to estimate military aviation emissions is simpler than the one described for civil aviation
since LTO data are not available in this case.

As for activity data, total consumption for military aviation is published in the petrochemitstiro(IMSE,
several years [b]) by fuel.

Emission factors are those provided in the EMEP/CORINAIR guidebook (EMEP/CORINAIR, 2007).

CO; and SQ emission factors depend on fuel propertasregardsCO;, according to the adoption tiie

2006 IPCC Guidelinesemission factors have been calculated assuming that 100% of the fuel carbon is
oxidizedto CQ..

Therefore, emissions are calculated by multiplying military fuel consumption data for the EMEP/CORINAIR
default emission factors shown in Table 3.17.

3.5.1.3 Uncertainty and timeseries consistency

The combined uncertainty in G@missions from aviation is estimated to be al3tiin annual emissions; a
higher uncertainty is calculated for €hhd NO emissions on account of the uncertainty levels attributed to
the related emission factors.

Time series of domestic emissions from &élv@ation sector is reported in Table 3.19.

An upward trend in emission levels is observed from 1990 t® 2@fich is explained by the increasing
number of LTO cycles.

Neverthelessthe propagation of more modern aircrafts in the fleet slows down the trend in the most recent
years. There has also been a decrease in the number of flights in the last years.

Table 3.19GHG emissions from domestic aviation

1990 1995 2000 2005 2010 2015 2016 2017 2018

COo, Gg 1,493.1 11,5885 2,716.9 2,831.0 2,9%00  2,1599 2,155.2 2,220.7 2,318.0
CH, Mg 26.9 276 477 526 525 363 359 36.6 39.0
N:O Mg 41.8 44.4 76.0 79.2 825 60.4 60.3 62.1 64.8

Source: ISPRA elaborations

3.5.1.4 Sourcespecific QA/QC and verification

Data used for estimating emissions from the aviation sector derive from different sources: local airport
authorities, national airlines operators, EUROCONTROL and official statistics by different Ministries and
national authorities.

Different QA/QC and vefication activities are carried out for this category.

As regards past years, the results of the national studies and method@alppiies] at national and airport
level, were shared with national experts in the framework ofaahhocworking group onair emissions
instituted by the National Aviation Authority (ENAC). The group, chaired by ISPRA, indlpddicipants

from ENAC, Ministry of Environment, Land and Sea, Ministry of Transport, national airlines and local
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airport authorities. The results ledted differences between airports, aircrafts used and times in mode spent
for each operation.

Currently, verification and comparisoractivities regardactivity dataand emission factors. In particular,
number of flights have been compared considering different sources: EABSAEROPORTIISTAT,
EUROCONTROL and verification activities have been performed on the basis of the updated
EUROCONTROL data on fuel consumption and emission factors resulting in an update and improving of
the national inventory.

Furthermorethere is an ongoing colbaration and data exchange with regional environmental agencies on
this issue.

3.5.1.5 Sourcespecific recalculations

Emission time series from 2005 to 2016 has been updated according to EUROCONTROL updated figures
resulting in recalculation less than 0.1% écteral emissions.

3.5.1.6 Sourcespecific planned improvements

Improvements for next submissions are planned on the basis of the outcome of the ongoing quality
assurance and quality control activities, in particular with regard to the results of investdpatinrata and
information deriving from different sourceis, particular further assessment of EUROCONTROL data, and
comparison with ISTAT information.

3.5.2 Railways

The electricity used by the railways for electric traction is supplied from the publitbdigin system, so

the emissions arising from its generation are reported under category 1.A.1.a Public Electricity.

Emissions from diesel trains are reported under the IPCC category 1.A.3.c Railways. Estimates are based on
the gasoil consumptiofor railways reported in BEN (MSE, several yefa$), and on the methodology

Tierl, and emission factors from the EMEEA Emission Inventory Guidebo®019(EMEPEEA, 2019.

As regards the use of lubricants in diesel locomotives in railways, according to the review process and to the
2006 IPCC Guidelines, emission estimates from lubricants haveréeeried under IPPU instead of under

the anergysector.exceptfor lubricantsrelated tahe use in two stroke engines in road transport

Fuel consumption data are collected by the Ministry of Economic Development, responsible of the energy
balance, from the companies with diesel railways. The activity is present only in thosewvdheas
electrified railways, which are limited in the national territory. The trend reflects the decrease of the use of
these railwaysBecause of low values, emissions from railways do not represent a key category.

Carbon dioxide and sulphur dioxide esipns are calculated on fuel based emission factors using fuel
consumption data from BENhe CQ emission factors for diesel fuel derive from ad hoc studies about the
properties of transportation fuels sold in Italy, performed by ISPRA since the niretibs/hose results are
representative and applicable with reference to three diffénsatphases: 19901999; 2000 2011; 2012

T 2018 (Innovhub, several years).

Values for S@vary annually according to the variation of the sulptwmtent of fuels pduced, imported

and commercialized, and it is yearly monitored according to legislative constraints; moreover it is officially
communicated to the European Commission in the framework of European Directives on fuel quality
(ISPRA, several yearskEmissicns of CO, NMVOC, N@, N.O and methane are based on the ENHEA
methodology (EMEREEA, 2019) taking into account the implementation of the relevant European
Directives to reduce atmospheric pollutants

The emission factors shown Table 3.20 are aggregafactors so that all factors are reported on the
common basis of fuel consumption.
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Table 3.20 Emission factors for railwayin 2018 (kg/t)

CO: CHa4 N20 NOx (6{0) NMVOC SOz
kgt
Diesel trains 3,140 0.18 1.24 52.4 10.7 465 0.015

Source: EMEFEEA2019;IPCC, 206

GHG emissions from railways accounted in 20dr about0.15% of the total transport sector emissions.
No recalculation occurred in this submission.
No specific improvements are planned for the next submission.

3.5.3 Road Transport

3.5.3.1 Source category description

This section addresses the estimation of emissions related to category 1.A.3.b Road transportation.

In 2018, total GHG emissions from this category were about 92.9% of the total national emissions from
transport, 28.1% of thenergy sector and about 22.7% of the GHG national total.

From 1990 to 2018, GHG emissions from the sector increased by 3.0%; this trend has a twofold explanation:
on one side a strong increase starting from 1990 until 2007 (27.8%), due to the incredseefleet, total

mileage and consequently fuel consumptions and on the other side, in the last years, from 2007 onwards, a
decrease in fuel consumption and emissions basically due to the economic crisis (emissions decrease of
about-19.4%).

CO; emissons from road transport are key category, both in 1990 and in 2018, with approach 1 and
approach 2, with and without LULUCF, at level and trend assessment.

CH, emissions are key category: in 1990 in level with approach 2 without LULUCF; in trend wittaelppro

2 without LULUCF-.

N2O emissions are key category in 1990 in level with approach 2 without LULUCF.

Emissions from road transport are calculated either from a combination of total fuel consumption data and
fuel properties or from a combination of drisedated emission factors and road traffic data.

Non CQ emissions from biomass fuel consumption are included and reported: as regards biodiesel, under
diesel fuel category; as regards bioethanol, under gasoline fuel category. Biomass fuel refers prievalent!
the use of biodiesel which is mixed with diesel fuel and to the use of bioethanol mixed with gasoline fuel.

CO, emissions are calculated on the basis of the amount of carbon in the fuel. In the model used to calculate
emissions, the fuel consumptiamput, which is balanced with the fuel consumption estimated by the model,
includes both fossil and bio fuels; then £nissions related to biomass are subtracted to the total with the
aim to be reported under biomass.

CH, and NO emissions depend on thechnology of vehicles and could not be calculated without more
detailed information regarding the type and technology of vehicles and the associated fuel consumption.

3.5.3.1 Methodological issues

According to the IPCC Guidelines and Good Practice GuidaR¢eq] 1997; IPCC, 2000; IPCC, 2006) and
the EMEP/EEA air pollutant emission inventory guidebook 20EMEP/EEA, 2019), a national
methodology has been developed and applied to estimate emiSSORERT methodology is used and
country specificities are takeinto account according to Tier 3 of IPCC Guidelines, such as the physic
chemical characterization of fossil fuels used in Italy and the peculiar structure of the circulating fleet

The model COPERT 5 (updated version 5.2.2, February 2019) has beemdssaplied for the whole time

series in 2020 submission. COPERT 5 introduces upgrades both from software and methodological point of
view respect to the previous model COPERT 4 uk#agg://www.emisia.com/utilities/copert/versions/

New methodologicafeatureshave been introduced.
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As regards fuel, updates concern: fuel energy instead of fuel mass calculations; distinction peitaaagn

and end (blends) fuels, automated energy balance.

Regarding vehicle typesupdated vehicle category naming, newhicle types and emission control
technology level, have been introduced.

As regards mission factors, e function type and the possibility to distinguish between pegbéafk

urban, have been implemented.

Main innovations introduced since version 5.felate: the introduction of the new feature CRF expbs;
correction ofCH, Hot Emission Factor for PC, LCV vehicleshanges to the upper speed limits of the hot
emission functions to avoid negative values for HDV; updated evaporation factors for smaped
motorcycles; updated GQ@orrection methodology taking into account the yearly effect; updated NMVOC
profile for evaporation emissions; new road abrasionaxraust emissions; the correction of NFR export
regarding differentiation between-s&roke &d 4stroke vehicles regarding emissions from lubricant
consumption and the inclusion of nrerhaust emissions from road abrasion; the correction of
Aromatics/Benzene NMVOC Parameters for CNG vehicles; the correction of Benzene exhaust share for PC
Small/Medium Diesel Euro 6; the correction of LCV technology shares for all Euro 3 to 5 vehicles; the
correction of NH emission factors for Buses and Coaches; the correction geMii$sion factors for HDV

Euro 4 and before; the correction of the fuel tank sizé canister size of LCV Vehicles anecategory
vehicles; other minor bugs relating copying SCR data between years, bugs regarding fuel balarce for Bi
fueled vehicles and fuel balanced mileage export to Excel.

As regardsCO, emissions from catalytic coevters using ureadported under category 2.D,.&glian road
transport emissions estimation about;@0@m urea based catalysts is implemented in the model used.

In particular, for diesel passenger cars Euro 6 and light duty trucks EUEoi® 6, theconsumption of urea

is assumed to be equal to 2% of fuel consumption; for diesel heavy duty trucks and buses, the consumption
of urea is assumed to be equal to 6% of fuel consumption at Euro 4 and Euro 5 level and equal to 3.5% at
Euro 6 level.

With regardto the purity (the mass fraction of urea in the tvaaed additive), the default value of thirtytwo

and half percent has been used (IPCC, 2006).

Methodologies are described in the following, distinguishing emissions calculated from fuel consumption
and taffic data.

3.5.3.1.1 Fuel-based emissions

Emissions of carbon dioxide and sulphur dioxide from road transport are calculated from the consumption of
gasoline, diesel, liquefied petroleum gas (LPG) and natural gas and the carbon or sulphur content of the fuels
consumedIn 2019 consumption data have been updated according to data officially communicated to the
Joint Questionnaire OECD/IEA/EUROSTAT.

Consumption data for the fuel consumed by road transport in Italy are taken from the BEN (MSE, several
years [a]),in physical units (taking into account the use in road transportation, in machinery as regards
gasoline, in commercial and public service, and subtracting the quantities for military use in diesel oil and
off-road uses in petrol).

Monitoring of the carborontent of the fuels used in Italy is an ongoing activity at ISPRA (Italian Institute

for Environmental Protection and Research). The purpose is to analyse regularly the chemical composition of
the used fuels or relevant commercial statistics to estirhateadrbon content/emission factor (EF) of the
fuels. With reference to the whole inventory, for each primary fuel, a specific procedure has been
established.

As regards road transpoftaly countryspecific CQ emission factors values for gasoline, diesel fuel and
LPG, derive from ad hoc studies about the properties of transportation fuels sold in Italy and whose results
are representative and applicable with reference to three different time phasek: 1888020007 2011;

20127 2018 (Innovhuli Fuel Experimental Statiocsurveys, several years).

As regards natural gas, the national market is characterized by the commercialisation of gases with different
chemical composition in variable quantities from oneryeahe otherThe methodology used to estimate

the averageEF for natural gas per yeds based on the availabt®nsumptiondatg referring to the lower

heat valugeach yeathe quantities of natural gas imported or produced in Italy are publishée eveb by

the MSEhttp://dgerm.sviluppoeconomico.gov.it/dgerm/bilanciogag.asp
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Emissions of CQ expressed as kg carbon per tonne of fuel, are based on the H/C and O/C tia¢i dgedf

The increase in fuel consumption due to air conditioning use implies that extran@s3ions in g/km are
calculated as a function of temperature and relative humidity; nevertheless becausewfiss®ns depend

on total statistical fuel conmption, there is not impact on the g@fficially reported but instead on other
pollutants.

Emissions of S@are based on the sulphur content of the fuel, on the assumption that all the sulphur in the
fuel is transformed completely into 2QAs regards heg metals (exhaust emissions of lead have been
dropped because of the introduction of unleaded gasoline), apparent fuel metal contents (copert default) are
used in the emissions calculation; for the {eahaust share, values take into account also ofclari

content and engine wear (EMEP/EEA, 2019).

Fuel consumption data derive basically from the National Energy Balance (MSE, severalayears
supplementary information is taken from the Oil Bulletin (MSE, several yBBrsAs regards biofuels, the
consumption has increased in view of the targets to be respected by Italy and set in the framework of the
European directive 200-20. The trend of biodiesel is explained by the fact that this biofuel has been tested
since 1994 to 1996 before entering ingarotion since 1998. The consumption of bioethanol is introduced
since 2008, according to data resulting in the BEN.

Values of the fuebased emission factors for @@om consumption of petrol and diesel fuels are shown in
Table 3.21. These factors accotmtthe fraction of carbon oxidised for liquid fuels equal to 1, as suggested
by the 2006 IPCC guidelines (IPCC, 2006). From the nineties, different directives regulating the fuel quality
in Europe have been implemented (Directive 93/12/EC, DirectiveO8BL7 Directive 2003/17/EC and
Directive 2009/30/EC), in parallel with the evolution of vehicle fleet technologies; this resulted in
remarkable differences in the characteristic of the fuels, including the content of carbon, hydrogen and
oxygenates, paranas needed to derive the €€mission factors.

The final report on the physthemical characterization of fossil fuels used in lItaly, carried out biFuke
Experimental Station, that is an Italian Institute operating in the framework @epartment oindustry,

has been used since 2015 submission, with the aim to improve fuel quality specificatioirfoFRuation is

also updated on the basis of the annual reports published by ISPRA about thelitieln Italy.

The Coper4Cotraclctii @O pcoreectiomdasedan typ€ @pproval Lnission factors, has

been applied for passenger cars, from Euro 4 onwards. For the years 2018, data published by EEA

have been used about monitoring £Lissions from new passengerscéottps://www.eea.europa.eu/data
andmaps/data/co2arsemissionl6/, EEA, 2019). For the years 200&009, Italian Ministry of Transport

data have been used.

A specificsurvey was also conducted to characterize the national fuel used H2@0DO

Regarding 1990999, a study has been done to evaluate the use of the default emission factors reported in
the IPCC Guidelines 1996 in consideration of the available informationational fuels. Emission factors

from the Guidelines have been considered representative for diesel and GPL while for gasoline a country
specific emission factor has been calculated taking into account the IPCC default values and the specific
energy ontent of the national fuels. For further details see the relevant paragraph in Annex 6.

Values for SQ@ vary annually as the sulphuontent of fuels change and are calculated every year for
gasoline and gas oil and officialy communicated to the Euroggammission in the framework of
European Directives on fuel quality (ISPRA, several years); these figures are also published by the refineries
industrial association (UP, several years). Directive 2003/17/EC introduced for 2005 new limit for S content
in the fuels, both gasoline and diesel, 50% lower than the previous ones.

Table 3.21 FuelBased Emission Factors for Road Transport

National emission factors Mg CO2 /TJ Mg CO2/Mg
Mtbe 73.072

Gasoline, 199099, interpolated emission factor 71.034 3.121
Gasoline, test data, 20@D1P¢ 71.864 3.141
Gasoline, test data, 202018 73.338 3.140
Gas oil, 199099, IPCC OECP 73.274 3.127
Gas oil, engines, test data, 2e@01 P 73.892 3.169
Gas oil, engines, test data, 2641 & 73.648 3.151
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LPG, 1996'99, IPCCa Europe 64.350 3.000

LPG, test data, 200R018*° 65.592 3.024
Natural gas (dry) 1990 55.292 -
Natural gas (dry) 2018 57.512 -

a Revised 1996 IPCC Guidelines for National GHG Inventories, Refekdseeal, chl, tables-26 to 142
b APAT, 2003 [b]
¢ Emission factor in kg carbon/tonne, basedroal Experimental Station (Innovhub, several years

Emissions of C@and SQ can be broken down by vehicle type based on estimated fuel consumption factors
and traffic data in a manner similar to the trafiesed emissions described below for other pollutants. The
current inventory used fuel consumption factors expressed as gfdoed per kilometre for each vehicle

type and average speed calculated from the emifisnations and speecbefficients provided by the model
COPERT 5 EMISIA SA, 2019. Mileage and fuel consumptions calculated from COPERT functions are
shown in Table3.22for each vehicle, fuel and road type in Italy in 2018.

Table 3.22 Average fuel consumption and mileage for main vehicle category and road type, year 2018

Fuel Consumption (TJ) Mileage (kveh_km)

Urban | Rural |Highway| TOTAL Urban | Rural I Highway | TOTAL
Passenger Cars Petrol 93,600 132,783 46,768 273,150 26,697,946 71,550,302 24,550,243 122,798,490
Passenger Cars Diesel 131,255 292,603 142,399 566,257 40,803,678 138,566,267 67,663,520 247,033,464
Passenger Cars Petrol Hybnd 1,320 1,189 690 3,199 728,475 1,165,560 534,215 2,428,250
Passenger Cars LPG Bifuel 26,973 29,561 17,938 74,472 7,394,142 14,814,422 7,161,292 29,369,856
Passenger Cars CNG Bifuel 14,417 10,821 7,382 32,621 3,191,899 4,575,055 2,872,709 10,639,663
Light Commercial Vehicles Petrol 2,618 2,458 867 5943 400,241 880,530 320,193 1,600,964
|_|ght Commercial Vehicles Diesel 47,791 62,846 32,677 143,315 10,748,260 23,646,172 8,598,608 42,993,041
Heavy Duty Trucks Petrol 3 6 2 1 306 919 306 1,531
Heavy Duty Trucks Diesel 26,132 52,180 123,846 202,158 1,978,755 6,209,342 14,117,430 22,305,528
Buses Diesel 9,100 7055 17,369 33,524 610,851 738521 2,157,538 3,506,911
Buses CNG 3,071 229 - 3,300 157,477 17,497 - 174,974
Mopeds Petrol 2,179 934 - 3,113 3,515,310 1,506,561 - 5,021,871
Motorcycles Petrol 17,051 9,131 1,746 27,928 12,809,414 7,472,158 1,067,451 21,349,023

Source: ISPRA elaborations
Notes: Biodiesel included in diesel; bioethanol includegésoline.

3.5.3.2.1.a The fuel balance process

An automatic fuel balancing procedure is implemented in Copert 5 to ensure that the breakdown of fuel
consumption by each vehicle type calculated on the basis of the fuel consumption factors once added up
matches the BEN figures for total fuel consumption in Italy (adjusted fepatf consumption).

In Copert 5 the automatic energy balance process has been introduced and it has been applied for this
submission. This simulation is started up having the etari@ equalize calculated and statistical
consumptions, separately for fuel, at national level, with the aim to obtain final estimates the most accurate
as possible. Once all data and input parameters have been inserted and all options have bedimgehesflec
peculiar situation of the Country, emissions and consumptions are calculated by the model in the detail of the
vehicle category legislation standard; then the aggregated consumption values so calculated are compared
with the input statistical nathal aggregated values (deriving basically from the National Energy Balance, as
described above), with the aim to minimize the deviation.
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3.5.3.1.2 Traffic-based emissions

Emissions of NMVOC, N@, CO, CH, and NO are calculated from emission factersgpressed in grams per
kilometre and road traffic statistics estimated by ISPRA on the basis of data released from: Ministry of
Transport (MIT, several years), the Automobile Club of Italy (ACI, several years), the National Association
of CycleMotorcycle AccessorieANCMA, several yearsihe National Institute of Statistics (ISTAT), the
National Association of concessionaries of motorways and tunnels (AISCAT)

The emission factorare based on experimental measurements of emissions freatvioe vehias of

different types driven under test cycles with different average speeds calculated from the dumesmrs

and speedoefficients provided by Copert EMISIA SA, 2019. This source provides emission functions
andcoefficients relating emissiondeors (in g/km) to average speed for each vehicle type and Euro emission
standard derived by fitting experimental measurements to polynomial functions. These functions were then
used to calculate emission factor values for each vehicle type and Eurocoansissidard at each of the
average speeds of the road and area types.

N2O emission factors derive from the application of Copert 5 v.5.2.2 niiBNB5IA SA, 2019).

Tier 3 is implemented, according to whichONis connected to the aftertreatment deviceshsas catalytic
converters and diesel particle filters;ONemissions are significant for catalyst vehicles, in particular when

the catalyst is under partially oxidizing conditions, when the catalyst has not reached-aff lightperature

yet or when he catalyst is aged. So.® emissions depend on the vehicle age or cumulative mileage.
Moreover, aftertreatment ageing depends upon the fuel sulphur level. Hence, different emission factors are
explained by the variation in fuel sulphur content and irdtheng conditiond EMEP/EEA, 2019).

Only for diesel and LPG passenger cars and for diesel light duty vehicles, the Copert model reports an
emission factor equal to 0 for conventional vehicles, while for heavy duty and buses diesel vehicles, as well
as forgasoline passenger cars, light and heavy duty vehicles, mopeds and motorcycles, emission factors are
available in the model.

Because of those zero values, noticeable variations may appear between IEF referred to consecutive years
where the fleet consistgist of conventional vehicles and Euro 1 vehicles; such differences are then
explained by the different share of Euraehicles out of the total.

As regards newer vehicles,® emissions may derive as a byproduct from SCR systems, thinssde to

be nonitored to reveal how much this is could be a problem in real world conditions (EMEP/EEA, 2019).

The road traffic data used are vehicle kilometre estimates for the different vehicle types and different road
classifications in the national road network.e¥h data have to be further broken down by composition of
each vehicle fleet in terms of the fraction of vehicles on the road powered by different fuels and in terms of
the fraction of vehicles on the road relating to the different emission regulationk awlied when the

vehicle was first registered. These are related to the age profile of the vehicle fleet.

It is beyond the scope of this paper to illustrate in details the COPERT 5 methodology: in brief, the
emissions from motor vehicles fall into thrdigferent types calculated as hot exhaust emissions;staitl
emissions, and evaporative emissions for NMVOC; in additimh exhaust emissions for PM and heavy
metals deriving from road vehicle tyre and brake wear and road abrasion are contemplated.

Hot exhaust emissions are emissions from the vehicle exhaust when the engine has warmed up to its normal
operating temperature. Emissions depend on the type of vehicle, type of fuel the engine runs on, the driving
profile of the vehicle on a journey and thmission regulations applied when the vehicle was first registered

as this defines the type of technology the vehicle is equipped with.

For a particulavehicle, the drive cycle over a journey is the key factor which determines the amount of
pollutant emited.

Key parameters affecting emissions are acceleration, deceleration, steady speed and idling characteristics of
the journey, as well as other factors affecting load on the engine such as road gradient and vehicle weight.
However, studies have shown ti@r modelling vehicle emissions over a road network at national scale, it is
sufficient to calculate emissions from emission factors in g/km related tvénage speed of the vehicle in

the drive cycle (EMISIA2019).Emissionfactors for average spezdn the road network are then combined

with the national road traffic data.

Emissions are calculated from vehicles of the following types:

9 Gasoline passenger cars;
9 Diesel passenger cars;
1 LPG passenger cars;

1 CNG passenger cars;
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Hybrid Gasolingpassenger cars;

Gasoline Light Goods Vehicles (Gross Vehicle Weight (GVWB$ tonnes);
Diesel Light Goods Vehicles (Gross Vehicle Weight (GVW)35 tonnes);
Rigid-axle Heavy Goods Vehicles (GVW3.5 tonnes);

Articulated Heavy Goods Vehicles (GVW3.5 tonnes);

Diesel Buses and coaches;

CNG Buses;

Mopeds and motorcycles.

I T B B B |

Basic data derive from different sources.

Detailed data on the national fleet composition are found in the yearly report from ACI (ACI, several years),
used from 1990 to 2006, except for mopeds for whashimates have been elaborated on the basis of
National Association of Cycldotorcycle Accessries data on mopeds fleet composition and mileages
(ANCMA, several years). ANCMA data have been used up to 2011; since 2012 MIT mopeds fleet data have
been used, because starting from 2012, mopeds are estimated to be all registered.

Starting from the 20 submission, specific fleet composition data were provided by the MIT for all vehicle
categories from 2007 onwardBhe Ministry of Transport in the national transport yearbook (MIT, several
years) reports mileages time seri¢durthermore since 2015 MIT supplies information relating the
distribution of old gasoline cars over the detailed vehicles categ®fiis ECE; ECE 15/601; ECE 15/02;

ECE 15/03; ECE 15/04pformation obtained from the registration year; data used for the updating of the
time seres since2007).

Since 2014, MIT supplies updated information relating the reallocation of not defined vehicles categories
(data used for the updating of the time series since 2007).

MI'T data have been used rel at i ngpassenger carhaategpraa&aes e n g
introduced from 2007 onwards, the mini petrol (Gasoline < 0.8 |) passenger cars subsector is introduced
since 2012 and diesel small (Diesel<1.4 |) subsector since 2007 onwards, in addition to the gasoline, diesel,
LPG, CNG tradtional ones); the diesel and gasoline light commercial vehicles; the breakdown of the heavy
duty trucks, buses and coaches fleet according to the different weight classes affrfl¢isT almost
exclusively diesel, a negligible share consists of gasdtiDT vehicles; diesel for coaches; diesel and CNG

for buses) the motorcycles fleet in the detail of subsector and legislation standard of-bwtke& and 4

stroke categories (this kind of information has been used for the updating since 2005).

Fleet vduesfor urban busehave been updated according to the updating of the data on urban public buses,
published on CNIT (Ministry of Transport, several years).

The National Institute of Statistics carries out annually a survey on heavy goods vehiclemgretudial
mileages (ISTAT, several years [b]).

The National Association of concessionaries of motorways and tunnels produces monthly statistics on
highway mileages by light and heavy vehicles (AISCAT, several years).

The National General Confederation ®fansport and Logistics (CONFETRA, several years) and the
national Central Committee of road transporters (Giordano, 2007) supplied useful information and statistics
about heavy goods vehicles fleet composition and mileages.

In the following Tables 3.23,.24, 3.25 and 3.26 detailed data on the relevant vehicle mileages in the
circulating fleet are reported, subdivided according to the main emission regulations.

Table 3.23 Passenger Cars technological evolution: circulating fleet calculated as stock dataltiplied by
effective mileage (%)

1990 1995 2000 2005 2010 2015 2016 2017 2018
PRE ECE, prel973 0.04 0.03 0.01 0.01 0.002 0.002 0.002 0.002 0.002
ECE 15/0001, 19731978 0.10 0.04 0.01 0.005 0.003 0.003 0.003 0.003 0.003
ECE 15/0203,19781984 030 015 0.03 0.01 0.01 0.007 001 0.01 0.01
ECE 15/04, 1988992 055 055 028 010 0.04 0.03 0.03 0.02 0.02
PC Euro 1- 91/441/EEC, from 1/1/93 0.001 0.24 027 017 005 0.02 0.02 0.02 0.02
PC Euro 2 94/12/EEC, from 1/1/97 - - 039 032 022 012 011 0.10 0.08
PC Euro 3 98/69/EC Stage2000, from 1/1/2001 - - - 031 019 013 012 041 0.10
PC Euro 4 98/69/EC Stage2005, from 1/1/2006 - - - 0.08 044 037 035 032 0.30
PC Euro 5 EC 715/2007, from 1/1/2011 - - - - 0.04 025 024 023 0.22
PC Euro 6 EC 715/2007, from 9/1/2015 - - - - - 0.06 0.13 0.19 0.25
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Total 1.00 100 100 1.00 1.00 1.00 1.00 1.00 1.00

a. Gasoline cars technological evolution

1990 1995 2000 2005 2010 2015 2016 2017 2018

Conventional, pre 993 1.00 092 036 0.06 0.01 0.005 0.004 0.003 0.003
PC Euro 1- 91/441/EEC, from 1/1/93 - 0.08 0.10 0.03 0.01 0.003 0.002 0.002 0.001
PC Euro 2 94/12/EEC, from 1/1/97 - - 054 022 005 0.02 002 002 0.01
PC Euro 3 98/69/EC Stage2000, from 1/1/2001 - - - 056 031 0.16 014 0.11 0.10
PC Euro 4 98/69/EC Stage2005, from 1/1/2006 - - - 0.12 055 041 038 037 0.30
PC Euro 5 EC 715/2007, from 1/1/2011 - - - - 0.07 035 031 030 0.30
PC Euro 6 EC715/2007, from 9/1/2015 - - - - 0.0001 0.05 0.14 0.20 0.29
Total 1.00 100 100 100 100 100 1.00 1.00 1.00

b. Diesel cars technological evolution

1990 1995 2000 2005 2010 2015 2016 2017 2018

Conventional, prel 993 100 09 0.71 047 0.04 001 001 0.01 o0.01
PC Euro 1- 91/441/EEC, from 1/1/93 - 010 020 026 003 001 001 001 0.01
PC Euro 2 94/12/EEC, from 1/1/97 - - 0.09 019 0.08 003 0.03 0.02 0.02
PC Euro 3 98/69/EC Stage2000, from 1/1/2001 - - - 0.06 0.08 005 0.04 0.04 0.03
PC Euro 4 98/69/EC Stage2005, from 1/1/2006 - - - 001 075 045 042 038 035
PC Euro 5 EC 715/2007, from 1/1/2011 - - - - 0.03 036 034 032 0.30
PC Euro 6 EC 715/2007, from 9/1/2015 - - - - - 0.08 0.15 0.23 0.29
Total 100 100 100 100 100 100 1.00 1.00 1.00

c. Lpg cars technological evolution

1990 1995 2000 2005 2010 2015 2016 2017 2018

PC from Conventional to Euro 4 1.00 100 100 100 091 058 054 051 048
PC Euro 5 EC715/2007, from 1/1/2011 - - - - 009 032 031 031 0.30
PC Euro 6 EC 715/2007, from 9/1/2015 - - - - - 0.10 0.15 0.18 0.22
Total 1.00 100 100 100 100 1.00 1.00 1.00 1.00

d. CNG cars technological evolution

2007 2008 2009 2010 2015 2016 2017 2018

PC Euro 4 98/69/EC Stage2005, from 1/1/2006 100 100 065 054 022 0.07 0.04 0.03
PC Euro 5 EC 715/2007, from 1/1/2011 - - 035 046 061 042 027 0.18
PC Euro 6 EC 715/2007, from 9/1/2015 - - - - 0.16 051 0.69 0.79
Total 1.00 100 100 100 100 100 1.00 1.00

e. Hybrid Gasoline cars technological evolution (from 2007 onwards)

Source: ISPRA elaborations on ACI and MIT data

Table 3.24 Light Duty Vehicles technological evolution: circulating fleetalculated as stock data multiplied by
effective mileage (%)

1990 1995 2000 2005 2010 2015 2016 2017 2018

Conventional, pre 10/1/94 100 093 063 035 008 0.06 0.06 0.06 0.06
LD Euro 1- 93/59/EEC, from 10/1/94 - 0.07 0.22 0.17 0.11 0.04 0.04 0.04 0.03
LD Euro 2- 96/69/EEC, from 10/1/98 - - 0.15 0.15 030 0.16 0.15 0.15 0.13
LD Euro 3- 98/69/EC Stage2000, from 1/1/2002 - - - 031 026 0.19 0.19 018 0.15
LD Euro 4- 98/69/EC Stage2005, from 1/1/2007 - - - 0.01 025 032 032 031 0.28
LD Euro 5- 2008 Standards 715/2007/EC, from 1/1/2012 - - - - 0.00 0.22 0.20 0.7 0.19
LD Euro 6 - - - - - 0.02 0.05 0.09 0.17
Total 100 100 100 1.00 100 1.00 1.00 1.00 1.00

a. Gasoline Light Duty Vehicles technological evolution

1990 1995 2000 2005 2010 2015 2016 2017 2018

Conventional, pre 10/1/94 100 092 055 023 008 0.02 002 0.02 0.01
LD Euro 1- 93/59/EEC, from 10/1/94 - 0.08 0.21 0.11 0.06 0.02 0.02 0.02 0.01
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1990 1995 2000 2005 2010 2015 2016 2017 2018
LD Euro 2- 96/69/EEC, from 10/1/98 - - 0.23 0.20 0.20 0.07 0.06 0.05 0.04
LD Euro 3- 98/69/EC Stage2000, from 1/1/2002 - - - 045 032 021 0.18 0.17 0.19
LD Euro 4- 98/69/EC Stage2005, from 1/1/2007 - - - 0.02 0.33 033 0.29 0.25 0.28
LD Euro 5- 2008 Standards 715/2007/EC, from 1/1/2012 - - - - 0.01 0.34 0.36 0.33 0.26
LD Euro 6 - - - - 0.00 0.01 0.07 0.17 021
Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
b. Diesel Light Duty Vehicles technological evolution

Source: ISPRA elaborations on ACI and MIT data

Table 3.25Heavy Duty Trucks and Busestechnological evolution: circulating fleet calculated as stock data
multiplied by effective mileage (%)

1990 1995 2000 2005 2010 2015 2016 2017 2018

Conventional, pre 10/1/93 1.00 090 0.67 040 0.20 0.02 0.02 0.02 0.02
HD Euro |- 91/542/EEC Stage |, from 10/1/93 - 0.10 0.10 0.06 0.04 0.01 0.01 0.01 0.01
HD Euro II- 91/542/EEC Stage II, from 10/1/96 - - 0.22 027 015 0.08 0.07 0.06 0.06
HD Euro IIl - 2000 Standards, 99/96/EC, from 10/1/2001 - - - 0.27 036 034 031 028 025
HD Euro IV- 2005 Standards, 99/96/EC, from 10/1/2006 - - - - 0.07 010 0.09 0.08 0.08
HD Euro V- 2008 Standards, 99/96/EC, from 10/1/2009 - - - - 0.18 038 037 036 0.34
HD Euro VIT EC 595/2009, from 12/31/2013 - - - - - 0.07 0.13 0.19 0.25
Total 100 100 100 100 100 1.00 1.00 1.00 1.00

a. Heavy Duty Trucks technological evolution

1990 1995 2000 2005 2010 2015 2016 2017 2018

Conventional, pre 10/1/93 100 093 065 034 013 001 001 001 0.01
HD Euro |- 91/542/EEC Stage |, from 10/1/93 - 0.07 0.07 0.08 004 001 001 001 o001
HD Euro Il- 91/542/EEC Stage I, from 10/1/96 - - 028 032 027 014 013 0.12 0.10
HD Euro IIl - 2000 Standards, 99/96/EC, from 10/1/2001 - - - 0.26 033 038 035 033 0.30
HD Euro IV- 2005 Standards, 99/96/EC, from 10/1/2006 - - - - 0.12 013 0.12 011 o011
HD Euro V- 2008 Standards, 99/96/EC, from 10/1/2009 - - - - 0.11 028 0.28 027 026
HD Euro VIT EC 595/2009, from 12/31/2013 - - - - - 0.05 0.10 0.15 0.21
Total 100 100 100 100 1.00 1.00 1.00 1.00 1.00

b. Diesel Buses technological evolution

1990 1995 2000 2005 2010 2015 2016 2017 2018

Urban CNG Buses Euro-191/542/EEC Stage |, from 10/1/93 100 100 0.11 0.01 0.003 0.003 0.003 0.002 0.002
Urban CNG Buses Euro 1191/542/EEC Stage I, from 10/1/96 - - 0.89 020 010 005 0.04 0.04 0.03
Urban CNG Buses Euro lIF 2000 Standards, 99/96/EC, fro

10/1/2001 - - - 079 0.09 007 006 0.05 0.05

Urban CNG Buses Euro IV 2005 Standards, 99/96/EC, fro
10/1/2006; Euro \+ 2008 Standards, 99/96/EC, from 10/1/2009; E
(Enhanced environmentally friendly vehicle; re&f001/27/EC anc
1999/96/EC line C, optional limit emission values); Urban C
Buses Hro VI EC 595/2009, from 12/31/2013 - - - - 081 088 090 091 0092

Total 100 100 100 100 100 100 1.00 1.00 1.00

c. CNG Buses technological evolution

Source: ISPRA elaborations on ACI and MIT data

Table 3.26Mopeds and motorcyclegechnological evolution:circulating fleet calculated as stock data multiplied
by effective mileagg(%)

1990 1995 2000 2005 2010 2015 2016 2017 2018
Mopeds and motorcyclesConventional 1.00 1.00 0.86 0.45 0.21 0.10 0.09 0.08 0.10
Mopeds andnotorcycles Euro 1 - - 0.14 0.28 0.17 0.11 0.10 0.09 0.10
Mopeds and motorcyclesEuro 2 - - - 0.22 0.35 0.38 0.38 0.39 0.31
Mopeds and motorcyclesEuro 3 - - - 0.04 0.27 0.42 0.42 0.40 0.40
Mopeds and motorcyclesEuro 4 - - - - - - 0.01 0.04 0.10
Mopeds and motorcyclesEuro 5 - - - - - - 0.00 0.00 0.00
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1990 1995 2000 2005 2010 2015 2016 2017 2018

Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Source: ISPRA elaborations on ACl, ANCMA and MIT data

Average emission factors are calculated for average speeds by three dmiviles: urban, rural and
motorway, combined with the vehicle kilometres travelled and vehicle categories.
ISPRA estimates total annual vehicle kilometres for the road network in Italy by vehicle type, see Table
3.27, based on data from various sources:

- Ministry of Transport (MIT, several years) for rural roads and on other motortaydatter

estimates are based on traffic counts ftbenrotating census and core census surveys of ANAS;
- highway industrial association for f@eotorway (AISCAT several years);
- local authorities for buitup areas (urban).

Table 3.27 Evolution of fleet consistency and mileage

1990 1995 2000 2005 2010 2015 2016 2017 2018
AI_I passenger vehicles (including moto), to 350 412 456 457 438 449 247 452 442
mileage (10veh-km/y)
Car fleet (16) 27 30 33 35 38 39 39 40 41
Moto, total mileage (10veh-km/y) 30 41 42 43 36 34 32 32 26
Moto fleet (16) 7 7 9 10 10 10 10 10 10
Goods transport, total mileage ¢A@h-km/y) 69 76 83 100 89 61 62 55 67
Truckfleet (16), including LDV 2 3 3 4 5 5 5 5 5

Source: ISPRA elaborations

Notes: The passenger vehicles include passenger cars, buses and moto; the moto fleet includes mopeds and motorggolés; in the
transportight commercial vehicles and heavy duty trucks are included.

When a vehicle engine is cold, it emits at a higher rate than when it has warmed up to its designed operating
temperature. This is particularly true for gasoline engines and the effect isneversevere for cars fitted

with threeway catalysts, as the catalyst does not function properly until the catalyst is also warmed up.
Emission factors have been derived for cars and LGVs from tests performed with the engine starting cold
and warmed up. ffe difference between the two measurements can be regarded as an additiestaltcold
penalty paid on each trip a vehicle is started with the engine (and catalyst) cold.

Evaporative emissions of gasoline fuel vapour from the tank and fuel delivery sgstehicles constitute a
significant fraction of total NMVOC and methane emissions from road transport. Neverthékess
contribution of evaporative emissions to total NMVOC emissions decreased significantly since the
introduction of carbon canisters. Breathing losses through the tank vent and fuel permeations and leakages
are considered the most important sources aperative emission3.he estimation of evaporative emissions

takes into account three different mechanisms: diurnal emissions (depending on daily temperature
variations), running losses (during the vehicles use) and hot soak emissions (following thes wed@xl The

process of fuelling of vehicles is not considered h&he. procedure for estimating evaporative emissions of
NMVOCs takes account of gasoline volatility, the absolute ambient temperature and temperature changes,
the characteristics of vehidedesign; the driving pattern is also significant for hot soak emissions and
running losse$EMEP/EEA, 2019).
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3.5.3.2 Uncertainty and timeseries consistency

The combined uncertainty in G@missions from road transport is estimated to be about 4% in annual
emissions; a higher uncertainty is calculated for, @hd NO emissions because of the uncertainty levels
attributed to the related emission factors.

Montecarlo analysis has been carredby EMISIA® on behalf of the Joint Research Centre (Kouridis et al.,
2010) in the framework of the study AUncertaint:
calculationso for 2005 emissions; e Arexrh.nThesyudyo f m
shows an uncertainty assessment, at Italian level, for road transport emissions on the basis of 2005 input
parameters of the COPERT 4 model (v. 7.0).

The following Table 3.28 summarizes the time series of GHG emissions ire@@vaent from road
transport, highlighting the evolution of this source, characterized by an upward trendem(S€ion levels

from 1990 to 2007, which is explained by the increasing of the fleet, total mileages, and fuel consumptions
and by a decreasing trérirom 2007 onwards, due, on one side, to the economical crisis, and on another
side, to the propagation of the number of vehicles with low fuel consumption per kilometre. In 2018, with
respect to 2007, a reduction in total mileages, fuel consumptiordifgaand diesel) and consequently L£LO
emissions has been noted.

CH, and NO emission trends are consequence of the penetration of new technologies according to the main
emission regulationsSpecifically, CHs and more in general VOC emissions have redweng the time

series due to the introduction of VOC abatement devices on vehicles, in agreement with the legislation
emission limits, and the rate of penetration of the new vehicles into the national fleet.

The time series of both @ emissions and imigd emission factors are prevalently driven by the fleet
composition and the penetration rate of the new vehicles/technologies. Moreover, in the COPERT model,
N2O emission factors depend also on the sulphur content of the fuel. In particular, signifaantoti
emissions and implied emission factors are observed inr2099 and in 2002005 which are explained by

the different fuel specifications in those years due to the application of the relevant European Directives on
fuel quality.

The sulphur contg (%wt) in gasoline was 0.04 and 0.007 respectively in 1999 and 2000 and 0.0055 and
0.0025 respectively in 2004 and 2005 ahdnged from 0.0226 in 2004 to 0.0035 in 2005 for diesel oil.

Table 3.28 GHG emissions from road transport (Gg C@equivalent)

1990 1995 2000 2005 2010 2015 2016 2017 2018
CO, Gg 92,315.81 103,512.79 111,499.15 117,108.91 104,689.29 98,368.05 96,880.98 92,768.54 95,795.74
CH,  GgCOeq 869.05 979.03 733.28 476.60 286.91 211.75 197.46 188.83 180.34

N.O  GgCQeq 842.91 1,593.15 1,489.57 1,318.88 934.30 896.43 898.27 873.84 889.86
Total GgCQeq 94,027.77 106,084.97 113,722.00 118,904.39 105,910.50 99,476.23 97,976.71 93,831.21 96,865.93

Source: ISPRA elaborations

3.5.3.3 Sourcespecific QA/QC andrerification

Data used for estimating emissions from the road transport sector derive from different sources, including
official statistics providers and industrial associations.

A specific procedure undertaken for improving the inventory in the seegiards the establishment of a
national expert panel in road transport which involves, on a voluntary basis, different institutions, local
agencies and industrial associations cooperating for improving activity data and emission factors accuracy.
In this gioup, emission estimates are presented annually, and new methodologies are shared and discussed.
Reports and data of the meetings can be found at the following address:
http://graipware.sinanet.isprambiente.it/expert _panel/libramaddition, road transport emission factors are
shared and publicly available on the webhite://www.sinanet.isprambiente.tfia-ispra/fetransp

Besides, time series resulting from the recalculation due to the application of COPERT have been discussed
over time with national experts in the framework of an ad hoc working group on air emissions inventories.
The group is chairedby ISPRA and includes participants from the local authorities responsible for the

3 EMISIA: www.emisia.com
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preparation of local inventories, sectoral experts, the Ministry of Environment, Land and Sea, and air quality
model experts. Recalculations are comparable with thoseingstriom application of the model at local

level. Topdown and bottorup approaches have been compared with the aim to identify the major problems
and future possible improvements in the methodology to be addressed.

As regards completeness, in the follogviBox is reported the assessment of the biofuel origin, implemented

in order to estimate G@missions from fossil fuel content of biofuels in Italy.

Box 1.A.3.bi Biofuels
Assessment of the biofuel origin
Estimation of CQemissions from fossil fueontent of biofuels for Italy

In Italy, as regards biofuels used in road transportation, biodiesel and biogasoline, almost all of the commercial gasoline
is still substantially an EO, while the distributed diesel reaches uf7% By volume of biodie$én diesel fuel (this ig
because Italian producers/refineries have decided since the beginning of the introduction of the obligations on biofuels
to focus on biodiesel rather than on ethanol to comply with the European/Italian obligations to introduet¢stno
the market). Biogasoline represents a minimum percentage out of the total consumption, being equal to 0.44% of the
total (gasoline including biogasoline) in 2018. According to the Renewable energy Directive (2009/28/EC) the| amount
of biogasolinereported in the Energy balance is equal to the renewable part of the fuel, calculated as the 37% of the
total volume placed on the market.

Biodiesel has been tested since 1994 to 1996 before entering in production since 1998.
Potential biodiesel emissiofiom the fossil component of the fuel have been calculated on the basis of the pergcentage
5.5% indicated in the I PCC Working Group | fiNote |on fo
10 October 2018). Acdorsding ptacg tt lond drmal WFWAME, rfatnlgeejs fr o
Estimated emissions are compared with the thresholds of significance for the whole time series (calculated acgording to
UNFCCC Reporting Guidelines, applying the percentage of 0.05% to total National @idSams).
It should be taken nevertheless into account that about 40% of the biodiesel is produced in Italy and the relgvant CO
emissions are already accounted for in the energy sector (refineries emissions).
The following table reports the estimation of £€nissions from fossil fuel content of biodiesel for Italy, included in
2020 Inventory submission estimates.

1994 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018
Biodiesel (TJ)| 2469 1646 2395 7400 54316 53872 52873 49321 44178 47804 42217 43069 50957
COPERT
Biodiesel EF 85 85 86 86 86 86 85 85 85 85 85 85 85
(Mg CO,/TJ)
COo:
Emissions
from 208831 | 139221 || 205264 | 634289 | 4655685 | 4617627 | 4502950 | 4200442 | 3762437 | 4071246 | 3595427 | 3667975 | 4339737
Biodiesel
(Mg)
COo,
emissions
from the 11486 7657 11290 34886 256063 | 253969 | 247662 | 231024 | 206934 | 223919 | 197748 | 201739 | 238686

fossil
component off
the fuel (Mg)
Threshold of
ngggi;;ce 251684 | 264718 | 276237 | 293265 | 256878 | 250644 | 241181 | 223536 | 213246 | 219716 | 218044 | 215662 | 213765
Mg)
Total CQy eq.
Emissions
without || 503368554] 529435478| 552474434) 586529470| 513756379 501288045 482361633 447072723| 426491711] 439431751 436088449 431324463 427529021
LULUCF
(Mg)

3.5.3.4 Sourcespecific recalculations

The annual update of the emissions time series from road transport implies a periodic review process.

In 2020 submission the historical series has been revised mainly as a result of applying the planned
improvementregarding a general review of mileages with reference to a better distribution between the
vehicles categories based on national statistidgesuto the total fuel balance between the sales of national
fuels and the estimated total consumptions, separately for fuel.
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A general increase of passenger cars mileages has been obtained, respect to previous submission values, ol
the basis of nationadtatistics such as: passengtsmeter historical series reported in the yearly transport
statistics published by the Ministry of Transport; statistics about national freight transport elaborated by the
National Institute of Statistics; statistics abbighway traffic published by AISCAT.

Urban, rural, highway shares and speed values have also been revised on the basis of a better distribution
bet ween vehicle categories, al so with -pedlked encka
modalities, previously not differentiated.

The historical series of fleet data has been updated detailing the category Euro 6 standard in the two groups
AEuro 6 up to 202GbHb9@nfdoMEma®os d&n@drl 7cars, and AEuU
2 0 2 Ordightfduty vehicles.

Compressed Natural Gas passenger cars, from Conventional to Euro 3 standards, previously estimated apart,
are now included in the estimation model Copert: weighted emission factors have been elaborated for the
class from Conventionab Euro 4 standards, on the basis of Euro 4 Copert emission factors and country
specific emission factors from Conventional to Euro 3 (Copert CNG passenger cars fleet classification
ranges indeed from Euro 4 toEuro 6 standards).

For submission 202@ountry specific hot emission factors for Euro 6 Small and Medium LPG passenger
cars have been applied for: CO, NOWOC, PM Exhaust, FC, CiHNHs, N;O, deriving from tests on five

Euro 6 b/c bifuel LPG passenger cars (Innovhub, 2018).

As regards fuels, aorrection has been applied, respect to last submission, to the implemention of Copert
blend share procedure with reference to the bio and fossil share of consumed fuels in the different years. That
is in particular evident for 2016 and 2017 £&3timateshigher than the previous ones of about 1.7% and

1.5% respectively, because of the previous underestimation of the fossil share of the fuel in the balancing
process.

A revision has been applied regarding biodiesel data series since 2001, considering @etangirectly the

biodiesel consumption value in tons resulting from the National Energy Balance and from Eurostat data,
instead of the previous estimate considering biodiesel in equivalent tons to diesel; then the Eurostat net
calorific values are apigld to insert consumption as input data in the model Copert.

Furthermore, biodiesel emissions from the fossil component of the fuel have been calculated on the basis of
the percentage 5.5% indicated in the [ItPGC1 Woirdkfi une
(prepared by Jloannis Sempos, 10 October 2018). A
ranges from 5.3 to 5. 5%0.

Fuel and emissions values relating the fossil fraction of biodiesel have been accounted in the CRF categories:
il . A. 3. b. i Ot her Fossil Fuel so, Al. A. 3. b.ii Ot her
According to the 2006 IPCC Guidelines, emission estimates from lubricants have been reported under IPPU
except lubricants used in two stroke engines in roatsp@t; so C@emissions from lubricants have been
detailed and attributed just to the two stroke e
calculated by Copert model, while the remaining share has been considered in the IPPU sector.

Differences between 2020 and previous submission, for road transport GHG emissions, acecOwi#%or

in 1990 and +1.5% in 2017, reflecting basically the recalculations registered for the driver carbon dioxide
values {0.02% in 1990 and +1.5% in 2017). Aegards methane, discrepancies vary frdr8% in 1990 te

1.6% in 2017; emissions of nitrous oxide show variations of +2.3% in 1990 and +7.4% in 2017. In Table
3.29 the recalculation time series is reported for all gases.

Table 3.29 Emission recalculatios in road transport 1990- 2017 (%)

Year CO2 CH4 N20
1990 -0.02% -4.8% 2.3%
1991 -0.01% -6.1% 1.6%
1992 -0.01% -4.0% 2.2%
1993 -0.004% -4.7% 1.1%
1994 0.01% -4.9% 2.1%
1995 0.003% -5.7% 2.0%
1996 -0.001% -6.7% 1.9%
1997 -0.01% -5.4% 1.3%
1998 -0.003% -5.1% 1.5%
1999 0.001% -5.1% 1.3%
2000 0.01% -5.8% 2.0%
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Year CO2 CH4 N20
2001 0.02% -4.9% 2.7%
2002 0.03% -4.9% 2.1%
2003 0.04% -3.4% 3.5%
2004 0.05% -2.5% 3.8%
2005 0.04% -1.9% 4.7%
2006 0.04% 0.2% 2.5%
2007 0.04% 1.8% 2.9%
2008 0.1% 0.2% 5.7%
2009 0.2% 0.8% 6.1%
2010 0.2% 0.3% 6.7%
2011 0.2% -0.6% 7.6%
2012 0.2% 0.6% 5.3%
2013 0.2% -1.3% 6.6%
2014 0.2% -2.5% 6.0%
2015 0.2% -5.0% 5.6%
2016 1.7% -4.2% 5.8%
2017 1.5% -1.6% 7.4%

Source: ISPRA elaborations

3.5.3.5 Sourcespecific plannedmprovements

Improvements for the next submission will be connected to the possible new availability of data and
information regarding activity data, calculation factors and parameters, new developments of the
methodology and the update of the software.

3.5.4 Navigation

3.5.4.1 Source category description

This source category includes all emissions from fuels delivered to-b@iee navigation.

Mainly CQO, emissions derive from this category, whereas &ttl NO emissions are less important.

Emissions from navigation constitut8®% of the total GHG in the transport sectorZidl8and about..0%

of the national total (considering GOnly, the share of emissions from navigation out of the total is almost
the same). GHG emissions decreased-28;1% from 1990 t02018 because of the reduction in fuel
consumed in harbour and navigation activitib® number of movementshowing an increase since 1990,
reverses the trend in recent years, to become rather stable between 2015 and 2018.

CO, from waterborne navigation is key category both in 1990 and 2018, in level (Tier 1) with and without
LULUCF.

3.5.4.2 Methodological issues

Emissions of the lItalian inventory from the navigation sector are carried out according to the IPCC
Guidelines and Good Practice Guidance (IPCC, 1997; IPCC,; 2B@T 200§ and the EMEP/EEA
Guidebook (EMEP/EEA, 2®). In particular, a national methodolodpas been developed following the
EMEP/EEA Guidebook which provides details to estimate emissions from domestic navigation, specifying
recreational craft, oceagoing ships by cruise and harbour activities; emissions from international navigation
are also stimated and included as memo item but not included in national totals (EMEP/EEA, 1BGind,

coastal and deegea fishing are estimated and reported under 1.A.4.c. International inland waterways do not
occur in Italy.

The methodology developed to estite emissions is based on the following assumptions and information.
Activity data comprise both fuel consumptions and ship movements, which are available in different level of
aggregation and derive from differeimiusces as specified here below
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9 Total deliveries of fuel oil, gas oil and marine diesel oil to marine transport are given in national
energy balance (MSE, several years (a)) but the split between domestic and international is not
provided,;

1 Naval fuel consumption for inland waterwaystries connecting mainland to islands and leisure
boats, is also reported in the national energy balance as it is the fuel for shipping (MSE, several years
(a));

1 Data on annual arrivals and departures of domestic and international shipping callingamt Itali
harbours are reported by the National Institute of Statistics in the statistics yearbooks (ISTAT,
several years (a)) and Ministry of Transport in the national transport statistics yearbooks (MIT,
several years).

As for emission and consumption factofigures are derived by the EMEP/EEA guidebook (EMEP/EEA,
2019), both for recreational and harbour activities and national cruise, taking into account national
specificitiesasthe structuralcharacteristic of national harbors, including typical timesnfaneuvering and

time spent in the harb@s well aghe distribution of ships in terms of ferries, container ships, cdigese
specificities derive from the results of a national study which, taking into account detailed information on the
Italian marire fleet and the orighdestination movement matrix for the year 1997, calculated national values
(ANPA, 2001; Trozzi et al., 2002 (b)) on the basis of the default emission and consumption factors reported
in the EMEP/CORINAIR guidebook (EMEP/CORINAIR, 2008hd theyhave not been changed too much

in the last years

National average emissions and consumption factors were therefore estimated for harbour and cruise
activities both for domestic and international shipping from 1990 to 1999. In 2009 subntiesgindy was
updated for the years 2004, 2005 and 2006 in order to consider most recent trends in the maritime sector both
in terms of modelling between domestic and international consumptions and improvements of operational
activities in harbour (TECHNE2009). On the basis of the results, national average emissions and
consumption factors were updated from 2000.

Specifically, for the years referred to in the surveys, the current method estimates emissions from the number
of ships movements broken down by ship type at each of the principal Italian ports considering the
information of whether the ship movement iteitmational or domestic, the average tonnage and the relevant
distance travelled.

For those years, in fact, figures on the number of arrivals, destinatidnfleet composition have been
provided by the local port authorities and by the National InstitditStatistics (ISTAT, 2009), covering

about 90% of the official national statistics on ship movements for the relevant years. Consumption and
emission factors are those derived from the EMEP/CORINAIR guidebook (EMEP/CORINAIR, 2007) and
refer to the Tiel3 ship movement methodology that takes into account ediggtination ship movements
matrices as well as technical information on the ships, as engine size, gross tonnage of ships and operational
times in harbours. On the basis of sample informationmastis have been carried out at national level for

the relevant years considering the official statistics of the maritime sector.

In general, to carry out national estimates of greenhouse gases and other pollutants in the Italian inventory
for harbour andlomestic cruise activities, consumptions and emissions are calculated for the complete time
series using the average consumption and emission factors multiplied by the total number of movements.

On the other hand, for international cruise, consumptioasdarived by difference from the total fuel
consumption reported in the national energy balance and the estimated values as described above and
emissions are therefore calculated.

For maritime transportation only by Directive 1999/32/EC European Uniortedtao examine
environmental impact of navigation and in particular the sulphur content of fuels. This directive was
amended by Directive 2005/33/EC that designated B&#a, EnglishChannel andNorth Sea as sulphur
emission control areas (SECA) limiting the content of sulphur in the fuel for these areas and introducing a
limit of 0.1% of the sulphur content in the fuel used in EU harbours from 2010.

EU legislation combined with national normative résdlin the introduction of a limit of sulphur content in
maritime gasoil equal to 0.2% (2% before) from 2002 and 0.1% from 2010 while for fuel oil some limits
occur only from 2008 (maximum sulphur content of 1.5 % in harbour) and from 2010, 2% in domestic
waters and 1% in harbour. For inland waterways, which include the navigation on the Po river and ferry
boats in the Venice lagoon, the same legislation is applied.
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The composition of the fleet of gasoline fuelled recreational craft distinguished in rokesstand four

strokes engine distribution is provided by the industrial category association (UCINA, several years); the
trend of the average emission factors takes into account the switch from two strokes to four strokes engines
of the national fleet dut the introduction in the market of new models. In 2000, the composition of the
fleet was 90% two stroke engine equipped and 10% four stroke while in the last year four strokes engines are
about53% of the fleet.Gasoline fuel consumption for recreatibioaafts is not available on the National
Energy balance for the last years so it is estimated on the basis of the fleet which has not significantly
changed in the last years.

The fuel split between national and international use in maritime transporistitven supplied to the
Ministry of the Economical Development to be included in the official international submission of energy
statistics to the IEA in theontextof the Joint Questionnaire OECD/EUROSTAT/IEA compilation together

with other energy dataA discrepancy with the international bunkers reported to the IEA still remains,
especially for the nineties, because the time series of the energy statistics to the IEA are not updated.

3.5.4.3 Uncertainty and timeseries consistency

The combined uncertainty CO, emissions from maritime is estimated to be al3¥atin annual emissions;

a higher uncertainty is calculated for £&hd NO emissions on account of the uncertainty levels attributed

to the related emission factors.

Estimates of fuel consumption for domestic use, in the national harbours or for travel within two Italian
destinations, and bunker fuels used for internatiorealets are reported in Table 3.30. Time series of
domestic GHG emissions for waterborne navigation are also shown in the same table.

An upward trend in emission levels is observed from 1990 to 2000, explained by the increasing number of
ship movements. Nettheless, the operational improvements in harbour activities and a reduction in ship
domestic movements inverted the tendency in the last years.

Table 3.30 Marine fuel consumptions in domestic navigation and international bunkers (Gg) and GHG emissions
from domestic navigation (Gg CQ eq.)

1990 1995 2000 2005 2010 2015 2016 2017 2018

Gasoline for recreational craft (Gg) 182 210 213 199 169 99 99 99 99
Diesel oil for inland waterways (Gg) 20 23 20 25 18 27 27 28 28
Fuels used in domestic cruise navigation (Gg) 778 706 811 740 725 545 542 546 550
Fuel in harbours (dom+int ships) (Gg) 748 693 818 759 744 559 556 560 600
Fuel in international Bunkers (Gg) 1,403 1,287 1,306 2,147 2,175 1,742 2,107 2,240 2,263
Emissions from National Navigation (Gg)

CO2 (Gg) 5470 5,163 5,903 5,459 5,249 3,907 3,887 3,915 4,052
CH4 (Gg CO2 eq.) 35 38 38 34 28 17 17 17 17
N20 (Gg CO2 eq.) 38 35 41 38 37 28 28 28 30
Total (Gg CO2 eq.) 5543 5236 5,983 5,531 5,315 3,953 3,932 3,961 4,099

Source: ISPRA elaborations

3.5.4.4 Sourcespecific QA/QC and verification

Basic data to estimate emissions are reconstructed starting from information on ship movements and fleet
composition coming from different sources. Data collected in the framework of the national study from the
local port authorities, carried out in 2008ECHNE, 2009), were compared with the official statistics
supplied by ISTAT, which are collected from maritime operators with a yearly survey and communicated at
international level to EUROSTAT. Differences and problems were analysed in details andtsgbtbdr

with ISTAT experts. Different sources of data are usually used and compared during the compilation of the
annual inventory.

Besides, time series resulting from the recalculation have been presented to the national experts in the
framework of an @ hoc working group on air emissions inventories. The group is chaired by ISPRA and
includes participants from the local authorities responsible for the preparation of local inventories, sectoral
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experts, the Ministry of Environment, Land and Sea, andugility model experts. Tegown and bottorup
approaches have been compared with the aim to identify the potential problems and future improvements to
be addressed. There is also an ongoing collaboration and data exchange with regional environmental
agences on this issue.

3.5.4.5 Sourcespecific recalculations

Recalculations, respect to the previous submissiane regarekd 2016 and 201&missionsfrom inland
waterwaysdue to the update gfercentage of four stroke engines with respect of two stratightly
affecting CH and NO emissions

3.5.4.6 Sourcespecific planned improvements

Further improvements will regard a verification of activity data on ship movements and emission estimates
with regional environmental agencies, especially with those mffested by maritime pollutionin
particular we plan to buill an emission estimation database which calculate every year emissions at harbor
level taking in account of the information officially provided by Italy to Eurostat per type of ship, class of
tonnage and movement statistics

3.5.5 Other transportation

3.5.5.1 Source category description

This category includes all emissions from fuels delivered to the transportation by pipelines and storage of
natural gas.

Mainly CO, emissions derive from this category, as well as the other relevant pollutants typical of a
combustion process, such asxS80x, CO and PM. Ckland NO emissions aralsoestimated.

This category is not a key category.

3.5.5.2 Methodological issues

Emissions from pipeline compressors are carried out according to the IPCC Guidelines and are estimated on
the basis of natural gas fuel consumption used for the compressors and the relevant emission factors. The
amount of fuel consumption is estimated de basis of data supplied for the whole time series by the
national operators of natural gas distributi8NAM, several years; STOGIT, several yeans)l refers to the

fuel consumption for the gas storage and transportation; this consumption is partfudltbonsumption

reported in the national energy balance in the consumption and losses sheet (MSE, sevefal).years
Emission factors are those reported in the EMEP/EEA Guidebook for gas turbines (EMEP/CORINAIR,
2007),except for CQ for natural gas wikh is the country specific value used for the whole energy sector
reported in Table 3.12. Emissioosmmunicated by the national operators in their environmental reports are
also taken into account to estimate air pollutants.

3.5.5.3 Uncertainty and timeseriesconsistency

The combined unceinty is estimated to be abowdn annual emissions; a higher uncertainty is calculated

for CH: and NO emissions on account of the uncertainty levels attributed to the related emission factors.
Fluctuations and time des are driven both by the general trend of total natural gas fuel consumed (and
transported) and by the annual fluctuation of the storage activities, which are driven by the price fluctuation
of the natural gas.

Natural gas fuel consumption for pipelinengpressors increased from 7,359 TJ in 1@018.770TJin 2018

with a peak of 19,098 TJ in 201GHG emissions follow the same trend of fuel consumption.
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Table 3.31 Pipelines transport consumptions (Tj) and GHG emissions (Gg G@q.)

Pipeline transport 1990 1995 2000 2005 2010 2015 2016 2017 2018
Consumption (TJ) 7,359 11,556 15,367 15,940 19,098 9,662 11,597 13,141 13770
Emissions from Pipelines

(Go)

CO2 (Gg C0O2eq.) 406.88 640.07 854.37 890.56 1,097.90 552.72 669.09 757.17 791.96
CH4 (Gg CO2 eq.) 0.46 0.72 0.96 1.00 1.19 0.60 0.72 0.82 0.86
N20 (Gg CO2 eq.) 6.58 10.33  13.74 14.25 17.07 8.64 1037  11.75 1231
Total (Gg CO2 eq.) 413.92 651.13 869.07 905.81 1,116.17 56196 680.18 769.74 805.13

Source: ISPRA elaborations

3.5.5.4 Sourcespecific QA/QC and verification

Basic data to estimate emissions are reconstructed starting from information on fuel consumptions coming
from different sources. Fuel consumptions reported by the natipeahtors for this activity are compared

with the amount of natural gas internal consumption and losses reported in the energy balance. Starting from
the length of pipelines, the average energy consumptions by kilometre are calculated and used for
verification of data collected by the operators. Energy consumptions and emissions by kilometre calculated
on the basis of data supplied by the main national operabdAN, several years) are used to estimate the
figures for the other operators when their anmiaah are not available.

3.5.5.5 Sourcespecific recalculations

No specific recalculations were performed concerning this source.

3.5.5.6 Sourcespecific planned improvements

No further improvements are planned.

3.6 Other sectors

3.6.1 Sector werview

In this paragraphextoral emissions are reported, which originate from energy use in the civil sector included
in category 1.A.4. Commercial, institutional, residential, agricultoirestryfisheries, and emissions from
military mobile activities which are also includeddategory 1.A.5. All greenhouse gases as well as CO,
NOx, NMVOC and S@emissions are estimated.

In 2018, energy use in other sectors accoun26% of CO;, 5.4% of CHs, 14.0% of N;O of total national
emissions. In term of CQequivalent, other sectors shdr@5% of total national greenhouse gas emissions
and24.3% of total GHG emissions of the energy sector.

The trendof greenhouse gas emissiagasummarised in Table 3.32. Emissiarg reported in Gg for GO

and in Mg forCHs and NO. A generalincrease in emissions is observed from 1990 to 2000, dtleeto
increase in activity data (numbers and size of building with heating); a sharp insreaserved in 2005

due to exceptionally cold weather conditions..@Hd NO ermissions increase in the periggldue to the

growing use of woody biomasand biogador heating CHs and N.O emissions of category 1.A.4are

driven by the use of biomasgs the agriculture sectpbothwood and biogasfor heating of greenhouse and
aquaculture plants; according to the national energy balance, wood biomass fuel started to be consumed in
2000 while biogas from agriculture residues sharply increased in the lastyetass on the total amount
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of crop residues generated and the share of the crop residue amounts used for different purposes (for
energy referring to permanent crops residuos) are reported in Annex 7, Figure A.7.1.

Table 3.32Trend in greenhouse gas emissions from the other sectors, 19818

GAS/SUBSOURCE 1990 1995 2000 2005 2010 2015 2016 2017 2018
CO2(Gg)

1.A.4a. Commercial/ Institutional 11,815 13,959 17,074 23,234 28,129 22,646 23,124 23135 24804
1.A.4b. Residential 55,554 52,457 53,419 59,972 54,910 47,657 47,998 47,704 46152
1.A.4c. Agriculture/ Forestry/ Fisheries 8,352 8,751 8,111 8,454 7,342 6,933 7,008 7,029 7.426
1.A.5 Other (Not elsewhere specified) 1,071 1,496 837 1,233 652 459 515 326 341
CH4(Mg)

1.A.4a. Commercial/ Institutional 604 879 1,993 3,068 3,978 4,473 4,638 4,557 4,514
1.A.4b. Residential 43,781 50,032 52,556 55,509 98,593 87,871 84,896 92,671 85,858
1.A.4c. Agriculture/ Forestry/ Fisheries 1,264 946 669 592 774 2,383 2,496 2,570 2,622
1.A.5 Other (Not elsewhere specified) 173 223 126 160 65 54 64 39 42
N20 (Mg)

1.A.4a. Commercial/ Institutional 311 413 614 911 1,167 1,143 1,160 1,148 1,200
1.A.4b. Residential 3,014 3,172 3,303 3,522 5,261 4,658 4,527 4,859 4,540
1.A.4c. Agriculture/ Forestry/ Fisheries 2,515 2,757 2,610 2,685 2,373 2,327 2,383 2,396 2,535
1.A.5 Other (Not elsewhere specified) 225 215 135 291 131 59 53 43 32

Source: ISPRA elaborations

Sevenkey categories have bewtentified for this sectofor 2018 for level and trend assessment, using both
the IPCCApproachl andApproach2:

Other sectors CO, commercial, residential, agriculture gaseous fuels (L, T);
Other sectors CO, commercial, reidential, agriculture liquid fuels (L, T);

Other sectors CHscommercial, residential, agriculture biomass (L, T);

Other sectors CO, commercial, residential, agriculture other fossil fuels (L1, T);
Other sectors NoO commercial, residential, agriculture biomass (L2, T);

Other sectors NoO commercial, residential, agriculture liquid fuels (L2);

Other sectors CO, commercial, residdial, agriculture solid fuels (T1).

All these categorieexcept NO emissions from liquid fuelgre also key category including the LULUCF
estimatesn the key category assessment.

3.6.2 Source category description

This category includedour sources: 1.A.4.a. Commercial/ Institutional, 1.A.4.b. Residential, 1.A.4.c.
Agriculture/ Forestry/ Fisheries and 1.A.5 Othidilitary).

The estimation procedure follows that of the basic combustion data Bhessions are estimated from the
energyconsumption data and the emission factor illustrated in Table 3.12.

Emissions from offoad sources are estimated and they are reported under the relevant sectors. The
methodology of these estimates is discussed in the next paragrapDtB€& S

Commecial/ Institutional

Emissions from this sector arise from the energy used directly in the institutional, service and commercial
buildings, mainly for heating. Additionallythis category includes all emissions due to the-reorewable

part of wastes usdd electricity generation.

In the other fuel sub category, the amount of fossil waste burnt in incinerators with energy recovery is
reported.Emissions from these plants are allocated in the commercial /institutional category because of the
final use ofheat and electricity production whidh mainly used for district heating of commercial buildings

or is auto consumed in the plamt.fact until the early 200Q<electricity and heat produced by incinerators
have been prevalently used to satisfy the endeypand from connected activities: heating of buildings,
domestic hot water andlectricity for offices. Thisg still true for industrial and hospital incinerators
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meanwhile municipal solid waste incinerators have increased the amount of energy ptheegridfrom

the early 2000s until nowAlthoughthere arenot data or a robust estimate tbk share ofvaste used to

produ@ electriciy the availableliterature (ENEA-federAmbiente, 2012 provide that in 201Ghe gross
electricity production by udmn waste incinerators wasgual 103,887 GWh (net 390 GWh) and thamount

sent to the network wasjual toonly 121 GWh.

Biomass refers to the consumption of biomass waste, biogas recovered for energy purposes from landfill and
sludge treatments and wood and steam wood; from 2002 to 2005 minor amounts of biodiesel fuel
consumption are also includdd. Table 7.12 irthe wast sector chapter the amount of waste and biogas fuel
consumptions for 2@lare reported.

In 2018, this sector haa shareof 5.9% of total GHGnational emissionsexcluding LULUCFE

Residential

Emissions from this sector arise from the energy used dinectigsidential buildings, mainly for heating.
The sector includes emission from-oflad household and gardening machinery.

Biomass refers to wood and steam wood fuel consumption.

In 2018, this sector has a shareldf6% of total GHGnational emissions.

Agriculture/ Forestry/ Fisheries

This subsector inclugeall emissions due to the direct fossil fuel use in agriculture, mainly to produce
mechanical energy, the fuel use in fisheries and for the machinery used in the forestry sector.

Up to 1999 biomass included onlgiogas recovered for energy purposes from the storage of animal manure
and agriculture residualsthile from 2000, as reported in the National Energy Balandeige amounof

wood has beeconsuned affecting implied emission factors.

In 2018, this sector has a sharelo®% of total GHGnational emissions.

Others

Emissions from military aircraft and naval vessels are reported under 1A.5.b Mobile.

The methods of estimation are discussed in paragraphs 3.5.1 and 3.5a¢iafion and maritime
respectively.

In 2018, this sector has a share1% of total GHGnational emissions.

3.6.3 Methodological issues

For this sector, energy consumptions aporied in thenational energy balan@®parahg commercialand

public servics, residentiahnd agriculturdisheries

Emissions from 1.A.4.b Residential and 1.A.4.c Agriculture/Forestry/Fishing are disaggregated into those
arising from stationary combustion and those fromroffid vehicles and other machinefgmissions
estimatiors from off-road sourcesirediscussedater in this paragraph. Emissions from fishing vessels are
estimated from fuel consumption data (MSE, several years [a]). Emission factors are shable B112.

In the solid fuekubcategorythe following fuels ar included: steam coal, coke oven coke and gas work gas.
Since eighties there has been a sharp reduction in the use of these fuels due to air quality national legislation
(in 1990 they accounted for about 1.1 % of total energy consumption of 1.A.4 catagdna further
decrease is observed between 1997 and 1998 in consequence of the banning of coal used in residential
heating in urban areas.

CH, emission factors used are those reported in the 1996 CORINAIR handbook, vol.1, for coal, equal to 200
kg/TJ (EMEP/CORINAIR, 1996), and in the EMEP/CORINAIR Guidebook for coke oven coke, equal to 15
kg/TJ which is the maximum value of emission factor fidsfuels without specification, and gas work gas,

equal to 5 kg/TJ assuming the maximum value for natural gas (EMEP/CORINAIR, 2@0®ore solid

fuels are used for heating purposes from 2013.

The EMEP/CORINAIR Guidebook, now EMEP/EEA, is updated evexy- three years according to the
resources availableut only for air pollutantsemission factorsior greenhouse gasmission factors general
reference to the IPCC Guidelines is provided. For@@a GHG emissions, at the detailed level of fuel and
technology, EMEP/CORINAIR remains the best source of information.

For liquid fuel, the average emission facware driven by the mix of fuel consumptions used in heating
boilers, prevalently LP(but also gasoil and fuel oil which was ussgpeciallyin thepast.
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For these fuels the respective £#hission factors have been useBG 1kg/TJ, fuel oil 3kg/TJ and gasoill

7 kglTJ.

Regarding natural gathecountry specificCHs emission factois equal to 2.%g/TJ.

All these emission fact® have been calculated on the basis of the default and esnigsion fact®
published in the Guidebook EMEP/CORINAIR takingoiaccount country specific circumstances by means

of the type of boilers where these fuels are buimtthe 2006 IPCC Guideles emission factordor
residential/commercial/institutional boilers are equal to those reported for manufacturing industrial boilers
(e.gnatural gas defauktmission factois equal to 1 for all the sources of combustion) while it is assumed
that these missions should be different according to the technology and size of the boilers. The
EMEP/ICORINAIR Guidebook takes in account these differences and for thaththey been used as a
reference.

In thefollowing box the defaulemission factorseportedin the Guidebook EMEP/CORINAIRare shown

and compared with the national ones.

Liguid and gaseoufuel CH. defaultemission factors(kg/TJ) (EMEP/CORINAIR, 2007)

Fuel EM%Z{;S,[R;:AIR Range deIfZSItCEF National EF
LPG - 1-25 1 1
Gasoill 0.6 0.1-8 3 7

Fuel oil 1.6 0.1-10 3 3
Natural gas 1.2 0.3-4 1 2.5

Average implied emission factors for other fueldich refer tofossil waste vary on an annual basisoi-

CO,, the variation occurfrom 1990,as a consequence of the mix of wastes used in incinerators, such as
urban wastes, industrial, hospital, and oil wastes; nonCO, gases, emission fac®meported in
EMEP/EEA (EMEP/EEA, 2013applied at plant levehave been consideredut specifically for CH and

N2O this usedoes not result in changes of tiheplied emission factorbecause values are the same for the
different kind of wastesand emission factors are equal to 5.2 kg/TJ and 8.7 kg/TJ, respedtivéD18

CO,, average emission factor was equal 88 %g/GJ.

Regarding biomass fuel consumption in the following box,&: and NO emission factors used in the
national inventory for the different type of fuels are reported; &id NO amission fators derive from the
EMEP/CORINAIR Guidebook (EMEP/CORINAIR, 2007), and the impliedhission factorgluctuate as a
function of the mix of fuels (wood, biogas, waste and biodiesel).

Regarding C@from waste, fossil fraction emissions are distinguishgdibmass to include them in the
national totals. C@emission facta are built on the basis of carbon content in éggé ofwaste: municipal
waste, industrialvaste, oil, sludge and hospit&bor biodieselthe same C@country specifiemission factor
as gasoil has been used (see Annex 6). Biogasission fact@ are calculated starting from the
stachiometric carbon value equal to 750 kg C/t and annual energy efficiencies provided byTEenaa
several yearsfor the respective use in commml ard agriculture sectord/ood and steam wood average
CO; emission factor is derived taking in accoulné typical national wood used and it is applied for the
whole timeseriesimplied emission factors resuitom the mix ofbiomassfuels used for each category
(1A4a, 1A4b, 1A4c)

Biomass C@ CH, and NOemission factor for 2@.(kg/TJ)

Fuel CO Ctis N20
Wood 94600 320 14
Biogas landfills and 51204 153 3
sludge treatment

Biogasagricolture 54120 153 3
residuos

Waste 84612 S 9
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Fuel CO, CH, N2O

Biodiesel 79600 12 2

Others

In this paragraph, the methodology used to estimate emissions from a range of portable or mobile equipment
powered by reciprocating diesel or petrol driven engisiseammarizé. They include agricultural equipment

such astractors and combined harvesters; construction equipment such as bulldozers and excavators;
domestic lawn mowers; aircraft support equipment; and industrial machines such as portable generators and
compressors. In the CORINAIR inventory, they are groupéal four main categories (EMEP/CORINAIR,

2007):

domestic house & garden

agricultural power units (includes forestry)

industrial offroad (includes construction and quarrying)
aircraft support.

= =4 -4 =9

Those categories are mapped to the appropriate tPE38es: Aircraft support is mapped to Other Transport
and the other categories map to the-rofid vehicle subcategories of Residential, Agriculture and
Manufacturing Industries and Construction.

Estimates are calculated using a modification of the metbgyg given in EMEP/CORINAIR
(EMEP/CORINAIR, 2007). This involves the estimation of emissions from around seventy classes of off
road source using the following equation for each class:

Ej=Nj-Hj-Pj-Lj-Wj-(1+Yj-aj/2)-¢€j

where

Ej = Enission of pollutant from class | (kaly)

Nj = Population of class j

Hj = Annual usage of class j (hours/year)
Pj = Average power rating of class j (kW)

Lj = Load factor of class |

Yj = Lifetime of class j (years)

Wj = Engine design faar of class j

g = Age factor of class j (y?h

ej = Emission factor of class j (kg/kWh)

For gasoline engine sources, evaporative NMVOC emissions are also estimated as:

Evj=Nj - Hj- evj
where

Evj = Evaporative emission from class | kg
evj = Evaporatie emission factor for class j kg/h

Population data have been revised based on a sofvegchinery sales (Frustaci, 1999). Machinery lifetime

is estimated on the European averages, see EMEP/CORINAIR (EMEP/CORINAIR, 2007), the annual usage
data were taken either from industry or published data (EEA, 2000)eniission factors used came mostly

from EMEP/CORINAIR and from Samaras (EEA, 2000). The load factors were taken from Samaras (EEA,
2000).

It was possible to calculate fuel consurops for each class based on fuel consumption factors given in
EMEP/CORINAIR (EMEP/CORINAIR, 2007). Comparison with known fuel consumption for certain
groups of classes (e.g. agriculture and construction) suggested that the population method overestimated f
consumption by factors of2, especially for industrial vehicles.

Estimates were derived for fuel consumptions for the years-2@B®for each of the main categories:
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A.  Agricultural power units: Data on gas oibnsumption were taken from ENEANEA, several years).

The consumption of gasoline was estimated using the population method for 1995 without correction.
Time series is reconstructed in relation to the fuel used in agriculture.

B. Industrial offroad: The construction component of the gdsonsumption was calculated from the
Ministry of Production Activities data (MSE, several years faj)buildings and constructions. The
industrial component of gas oil was estimated from the population approach for 1995. Time series is
reconstructed inelation to the fuel use in industry.

C. Domestic house & garden: gasoline and diesel oil consumption were estimated from the
EMEP/CORINAIR population approach for 1995. Time series is reconstructed in relation to the fuel
use in agriculture.

Emissions fom off-road sources are particularly uncertain. The revisions in the population data produced
higher fuel consumption estimates. The gasoline consumptions increased markedly but they are still only a
tiny proportion of total gasoline sales.

3.6.4 Uncertaintyand timeseries consistency

The combined uncertainty in G@ mi ssi ons i n @Ot herbea@dPooimr andual i s e
emissions; a higher uncertainty is calculated for &hktl NO emissions on account of the uncertainty levels
attributed to the related emission factors.

Montecarlo analysis has been carried out to estimate uncertainGOgpfemissions from stationary
combustion ofsolid, liquid and gaseoufuels emissions, resulting in 5.1%, 3.3% and 5.8%, respectively.
Normal dstributions have been assumed #&irthe parametersA summary of the results is reported in
Annex 1.

Estimates of fuel consumption used by other sectd@2818are reported ifmable 3.33.

Table 3.33Trend in fuel consumption for the other sector, 196-2018 (TJ)

1990 1995 2000 2005 2010 2015 2016 2017 2018

TJ

1.A.4a. Commerciall 206,427 247,440 306,051 419,476 488,985 400,538 402,584 402621 429249
Institutional
1.A4b. Residential 1,002,597 1,004,192 1,037,279 1,172,469 1,222,584 1,078,583 1,070,459 1,093,259 1044926

1.A.4c. Agriculture/ Forestry/

Fisheries 114,638 121,163 111,480 116927 103,166 107,097 108,628 109,421 115088

1.A.5 Other 14,840 20,814 11,595 16,947 9,001 6,388 7,183 4,531 4,754

Source: ISPRA&Ilaborations

In the followingTable 3.34, totaGHG emissions connected to the use of fossil fuels and waste derived fuels
are reported for thevhole time seriesTotal emissions from the sector are repoime@g for CQ, and in Mg

for CH, and NO. An increase in emissions is observed from 1990 to 2000, diletocrease in activity

data (numbers and size of building with heating); a sharp increase can be observed in 2005 due to
exceptionally cold weather conditions. £&hd NO emissions increase inetlperiod due to thgrowinguse

of woody biomass for heating.

Table 3.340ther sectors, GHG emission time series 1998018

1990 1995 2000 2005 2010 2015 2016 2017 2018
CO; (Go) 76,793 76,663 79,442 92,893 91,033 77,695 78,645 78,193 78,723
CH,(Mg) 45,822 52,079 55,343 59,331 103,409 94,782 92,094 99,836 93,036
N20O (Mg) 6,065 6,557 6,663 7,408 8,931 8,187 8,122 8,446 8,306
GHG (Gg CO2 eq) 79,745 79,919 82,811 96,584 96,280 82,504 83,368 83,206 83,524

Saurce: ISPRA elaborations
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In Table3.35, other sectors emissions are summarized according to main categories. From 1990 to 2018, an
increase in the use of natural gas instead of fuel oil and gas oil in stationary combustion plants is observed; it
results in a decrease of €@missions froncombustion of liquid fuels and an increase of emissions from
gaseous fuel€CH, and NO emissions increase in the period due to the increasing use of woody biomass for
heating.

Table 335 Other sectors, GHG emissions in 1990 and 2@

1990 2018
CQO; other sectors liquid fuels Gg 39,346 15,379
CO;, other sectors solid fuels Gg 899 0
CO, other sectors gaseous fuels Gg 36,018 57,523
CO;, other sectors other fuels Gg 530 5,820
CHs other sectors Mg 45,822 93,036
N2O other sectors Mg 6,065 8,306

Source: ISPRA elaborations

3.6.5 Sourcespecific QA/QC and verification

Basic data to estimate emissions are reported by national energy balatice aational grid administrator

(for the waste used to generate electricity).
The energy data used to estimate emissions reported in tablehawv. different levels of accuracy:

9 the overall sum of residential and institutional/service/commercial energy consumption is quite
reliable and their uncertainty is the same of the BEN; the quantities of fuels used for those economic
sectos are routinely reported by main suppliers and the data are well documented.

1 the energy consumption for agriculture and fisheries is also routinely refyrtedergy statistics
and the underlying data are quite reliable because the energy use for those heectgpecial
taxation regimes and they are accounted for separately.

1 The energy use for military and off roads is instead partly reported and partigtestwith models,
as described in paragraph 3.6.3 others.

3.6.6 Sourcespecific recalculations
Some recalculations have been done in this submission.
Waste fuel consumption for commercial heating activity data has been updat@l? because of the
update of activity data for some industnehste plantsesulting in minor recalculations equal-th21% for
CQO,, -0.01% for CH and-0.12% for NO in 2017,
The energy conversion factor for biogas used in agriculture has been updatedréfirom 2005to 2010
affecting CH and NO emissiondor less than 0.07% for those years

3.6.7 Sourcespecific planned improvements

No further improvements are planned.

3.7  International bunkers
The methodology used to estimate the quantity of fuskd from international bunkers in aviation and

maritime navigation has been illustrated in the relevant transport paragraphs, 3.5.1 and 3.5.4.
The methodology implements the IPCC guidelines according to the available statistical data.
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3.8  Feedstock and na-energy use of fuels

3.8.1 Source category description

In Table 3.% and 3.3 detailed data on petrochemical and other-apargy use for the year Z®are given.
The tablsr ef er t o all products produced starting from
energyo purposes. A n athdrepartind anchestimdtiondfoalomed gmissisns.u s e d

3.8.2 Methodological issues

The quantities of fuels sted in productsin the petrochemical plantare calculated on the basis of
information contained in a detailed yearly repotie petrochemical bulletinby Ministry of Economic
development (MSE, several years [bThe reportelaborategesuls from a dailed questionnaire that all
operators in Italyfill out monthly. The data are more detailed than those normally available by international
statistics and refer to:

1 input to plants;

1 quantities of fuels returned to the market;
9 fuels used internally for copustion;

9 quantities stored in products.

National petrochemicabalance includeinformation onpetrochemical inpuéntering the process and used

for the production of petrochemical prodyasd petrochemical plants outptgturns to the markelpsses

and internal consumptio®ue to chemical reactiorns the petrochemicdransformatiorprocessthe output
guantity of some fuelsould be greater than the input quantity particular it occursfor light products as

LPG, gasoline and refinery gaand for fuel oil Therefore for these fuels iis possible to have negative
valuesof the balanceFor this matter, with the aim to allow the reporting on CRF tables, these fuels have
been added to naphfBhe amount of fuels recovered from the petaraltal processes and returning on the
market are considered as an output, because consumed for transportation or in the industrial sectors, and no
carbon is stored.

In Table 336 and Table 37 the overallresults andletails by producare reported respectively.

In Table 3.8 the breakdown of total petrochemical process isrepadrtdde per cent ages ref e
input are calculated on the basis of the total irguititracting the quantity of fuels as gasoil, LR@I oil

and gasoline which return on the market because produced from the petrochemical processes.

In Table 3.3 the input to the petrochemical processes in petrochemical plants and the relevant losses,
internal consumption and return to the market are repoatefliel level,allowing the calculation of the
guantity stored in productsubtracting the output (returns to the market, losses and internal consumption)
from the input (petrochemical inputCarbon storedfor all the fuels,is therefore calculated dm the
amounts of fuels stored (in tonnes) multiplied byrlevantemission factors (tC/t) reported in Tabl&83.

An attempt was made to estimate the quantities stored in praatetieding to the IPCC 1996 Guidelines,
Reference Manual, chl, tables XIPCC, 1997), multiplyinghe IPCC percentage valu@stables 15 of the
Guidelinesbyt he amount of fuel s r epor t &dTharesulfing estintate ofh e mi
about5,434 Gg of products, for the year 2Dlis 61% largerthan thequantities reported,368 Gg.

Non-energy products amount storéfdm refineries,and othemrmanufacturersare reported in thenational
energy balancé@MSE, several years]) and the carbon storésd estimated with emission factors reported in
Table 338. For lubricants theetcarbon stored results from the difference between the amount of lubricants
andthe amount of recovered lubricant oil$1e energy content has been calculated on the baie tf#CC
default valuesMinor differences in the overall energy content adsth products occur if the calculation is
based on nationglarameterinstead ofPCC default values.
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In the CRF tablethe fuel input amouris reportedso that the fractionsf carbon stored could be deriveds
these fractions are derived from actoaasurementshey do not correspond to any defatdtues and may
vary over time.

Table 336 Other non-energy uses, year 218

Breakdown of total petrochemical flow

: Returns to Internal Quantity stored ir
Petrochemical Inpu ) .
refinery/market consumption / loss: products
ALL ENERGY CARRIERS, Gg 8,788 3,562 1,657 3,569
% of total input 40.5% 18.9% 40.6%
% of netinput 31.7% 68.3%

Source: ISPRAIlaborations

Table 337 Petrochemical, detailed data from MSE, year 208 (MSE, detailed petrochemical breakdown)

Returns to Internal Quantity % on % on Emission
FUEL TYPE Petroch. Input refinery/ consumption stored in total net factor
market / losses products input input (IPCC)
Gg Gg Gg Gg tC/t
LPG 351 474 10 -132 0.8146
Refinery gas 375 180 746 -550 0.7781
Virgin naphtha 4,299 0 0 4,299 0.8900
Gasoline 1,197 1,713 0 -516 0.8379
Kerosene 888 751 0 136 0.8606
Gas oil 269 161 3 105 0.8696
Fuel ol 328 141 101 86 0.8534
Petroleum coke 0 0 0 0 0.8666
Others (feedstock) 330 142 59 129 0.8462
Losses 0 0 0 0 0.8462
Natural gas 750 0 738 12 0.7551
total 8,788 3,562 1,657 3,569 41% 68%

Source: ISPRAelaborations

Table 338 Other non-energy uses, year 2IB, MSE several years [a]

nti Ener -
NON ENERGY FROM REFINERIES (S;)tlcj)?e(;tlxl/ﬂ Coneteglzlt Total energy Emission
products ~ IPCC'9s  content factor
Gg TJ/Gg PJ GgC/Gg
Bitumen + tar 2,779 40.19 111.7 0.8841
lubricants 1,272 40.19 51.1 0.8038
recovered lubricant oils 187 40.19 7.5 0.8038
paraffin 100 40.19 4.0 0.8368
others (benzene, others) 483 40.19 194 0.8368
Totals 4,821 193.8

Source: ISPRA elaborations

At nationallevel, this methodology seems the most precise according to the available data. The European

Project i N Q0. eEmmi esr sgi yo nEEO807H NNAg analysed our methodology performing a
mass balance between infpugls and output products in a samplary&he results of the project confirm the
reliability of the reported data (Patel and Tosato, 1997).



3.8.3 Uncertainty and timeseries consistency
In Annex 4 the time series for comparison between reference and sectoral approach are reported showing
perceatage differences in a limited range.

3.8.4 Sourcespecific QA/QC and verification
Basic data to estimate emissions are dirgottywided to ISPRA by MSE. The energy data used to estimate
emissions have a high level of accuracy because they summarize ulte oésa 100% legally binding
monthly survey of all the concerned operators.

3.8.5 Sourcespecific recalculations

No recalculation occurred in the 2Dsubmission.

3.8.6 Sourcespecific planned improvements

No specific improvements are planned for the sekimission.
3.9  Fugitive emissions from solid fuels, oil and natural gas

3.9.1 Source category description

Fugitive emissions of GHG arise during the stages of fuel production, from extraction of fossil fuels to their
final use. Emissions are mainly due to leaks or other irregular releases of gases from the production and
transformation of solid fuels, the pnaction of oil and gas, the transmission and distribution of gas and from

oil refining.

Solid fuels category implies mainly methane emissions, while oil and natural gas categories include carbon
dioxide and nitrous oxide too.

In 2018, GHG emissions frorthis source category account faB% out of the total emissions in the energy
sector. Trend# fugitive emissions are summarised in Tab#63.

The results of key category analysis are shown in the following box.

Key-category identification in the fitiye sector with the IPC@pproachl andApproach 2

Year IPCC category without LULUCF with LULUCF
2018 CH, Oil and natural gasNatural gas L, T L, T

CO; Oil and natural gas Oil L1 L1

CO; Oil and natural gasVenting and flaring T2 T2
1990 CH, Oil and natural gasNatural gas L L

CO, Oil and natural gas Oil L1 L1

CO, Oil and natural gasVenting and flaring L2 L2

CO, Oil and natural gak Flaringin refineries L2 -

As for 2018 nethane emissions are key categefor natural gasaccording tdevel andtrend assessment
with Approachl and Approach?2 with and without LULUCF; C®@emissions for oil are key category for
level with Approach 1 with and without LULUCF; G@missions for venting and flaring are key category
for trend with Approach 2 with and without LULUCF-.

As concerns the level assessment for the year 1990,e@tiksionsare key categoriefor natural gas
following both the Approachewith and withoutLULUCF. CO, emissionsare key categorie®r oil only
with Approach 1, while C@emissionsare key categorig®r venting and flaring only with Approach 2. Both
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sectors are key categories with and without LULUCF.; @@issionsfrom flaring in refineries are ke
category with Approach 2 only exluding LULUCF emissions and removals.

Fugitive CH, and CO, emissions reported in 1.B.1 refer to coal mining for only two mines with very low
production in the last ten years. One mine is underground and produces ctiz atiderone a surface

mine, produces ligniteThe underground mine stopped the extraction activities between 1994 and 1999
whereashe surface mine stopped the activity in 20014 E€Rissions from solid fuel transformation refer to
fugitive emission fom coke production in the iron and steel industry, which is also decreasing in the last
years. NO emissions from 1.B.1 are not occurring.

Fugitive CQ emissions reported in 1.B.2 refprevalentlyto fugitive emissions in refineries during
petroleum prduction processes, e.g. fluid catalytic cracking angphur recovery plants and flarinigut

include alseemissions from thexploration production transport and distributioof oil and natural gas.

CH, emissions reported in 1.B.2 refer mainly to the production of oil and natural gas and to the transmission
in pipelinesand distribution of natural gas, whidxO emissions refer to flaring ithe production of oil and
natural gasind inrefineries and emssion from exploration.

For the completeness of the related CRF tables, in particular 1.BN;@hemissions in refining and storage
are reported under flaririg refineries ashown in the following Table 39.

Table 339 Completeness of BO fugitive emissions

1.B. 2.a. Qil
iv. Refining/storage N2O Included in 1.B.21 flaring in refineries

3.9.2 Methodological issues

Coal mining and handling

CHs, emissions from coal mining have been estimated on the basis of activity data publishedationia
energybalance (MSE, several years [a]) and emission factors provided by the IPCC guideline2QPgC,
Mining and post miningraissionshave been deulated As for CH; emissions from miningnd post mining
the averagemission factors of the 2006 IPCC Guidelines (IPCC, 20@8¢ been selectedl8m?/t and
2.5mP/t, respectively As concernsCQO, emissions the calculations have been carried out coirgjdtre
species profile in coal mine gas by literature data (EMEP/CORINAIR, 2007). The coal gas composition
considered is 8@ of CH, and6% of CO, by volume(Williams, 1993)

As for closed or abandoned mines there are no methods for estiraatisgions from surface mines
presen{IPCC,2009. As for the only one underground mine clo$exin 1994 to 1999there are no datar

a country based approach to estimate fugitive emissions duringptheeperiod. The emission estimations
are carred out applying ier 2 of the 2006 IPCC Guidelines for bituminous mines with 100% of gassy
parameter

Solid fuel transformation

CH, emissions from coke production have been estimated on the basis of activity data published in the
national statistical yebooks (ISTAT, several years [a]) and emission factors reported in the
EMEP/CORINAIR Guidebook (EMEP/CORINAIR, 200#§king in account the information provided by the
relevant operators in the framework og the EPRTR registry and the ETS, as addressagtapip&.3.3 of

this chapter

With regardto the manufacturef other solid fuels, in Italy charcoalas producedn the traditional way

until the sixtieswhile now itis prevalently produced in modern furnaces (e.g with the VMR system) where
exhaust gases are collected and recycled to produce the energy for the furnadéhisssifstem ensures

good management of the exhausts and the temperature, so that any weseegpfis prevented and
emissions are kept to a minimu®o CH, emissions from the production of charcoal are not accounted for
alsoconsidering that the emission factor available inRegised 1996PCC Guidelinesin Table 114 vol.3

(IPCC, 1997)refers to production processes in developing countries not applicable to our country anymore.
Moreover in the IPCC Good Practice Guidanceas well as in thePCC 2006 Guidelines no guidance is
supplied for charcoal production
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Oil transport and storage ahrefining

Fugitive emissions from oitefining are estimated starting from the total crude oil losses as reported in the
national energy balance.Emissions have been reported in the Refining/Storage category (1.B;Zlzelv)
occur prevalently from prosses in refineries.

Fugitive emissions from oitransport have beecalculated according witthe amount of transported oil
(MIT, severalearg and emission factors published on the IRfL@lelines(IPCC, 20®).

Most of the crude oil is imported in Italyy shipment and delivered at the refineries by pipelines as offshore
national production of crude oillable 3.40 provideshe length of pipelines for oil anthe amount obil
products transpagt since 1990

Table 340 Length of pipelines for oil transport (km) and amount of transported oil products (Gg)

1990 199t 200( 200¢ 201C 2015 2016 2017  2018*
Length of pipelines (km) 4,140 4,23t 4,34¢ 4,32¢ 4,291 4,022 4,012 4,021 4,01¢
(AGrgc)’“m transported 94,600 102,27¢ 116,80; 133,02« 128,85 11036¢ 112,03: 114,12 115,68
SourceMIT

*provisional values

Emissions in refineries have been estimated on the basis of activity data publisheddtiotie energy
balance (MSE, several years [a]) or supplied by oil and gas industry association (UP, several years) and
operators especially in the framework of the EurogemissionsTrading Scheme(EU-ETS), and emission
factors published on tH®CC Guidelines (IPCC, 2®).

Fugitive CQ emissions in refineries amnmainly due to catalytic cracking production processes, sulphur
recovery plants, flaring angimissions byther production processexluding transport of crude oil and oil
products Emissions arecalculated a the basis of the total crude oil losses reported in the national energy
balance These emissions are then distribugeabngthe different processes on the basis of average emission
factors agreed and verified with the association of industrial opef&tBjsand yearly updated, from 2000,

on the basis of data supplied by the plants in the framework of the EurBpéssiors TradingScheme. In
particular in theEU-ETS contextrefineries report Ceemissions for flaring and for processes separately.

In Table 341, the time series of crude oil losses published in the BEN and crude oil processed in lItalian
refineries are shown.

Table 341 Refineries activities and losses

1990 1995 2000 2005 2010 2015 2016 2017 2018

Crude Oil losses (Mg) 1,004 937 757 576 584 664 574 627 603
Crude oil processing (Gg) 93,711 91,014 98,003 106,542 94,944 79,148 77,510 80,312 78,878

Source: MSE, UP

Oil and gas exploration

C0O,, CH4, and NO fugitive emissions from oil and natural gas explorati@ve been calculated according
with the numbeiof exploration wellfMSE, several yearg]) and emission factors published on the IPCC
Good Practice Guidance (IPCC, 2008% no emission factors for number of wells were available in 2006
IPCC guidelinesThe Ministery for economy development (MSE) issues yearly reports with the number of
exploration wells distinguished by gas and oil but no information is provided on fierezk wells
production.If overall oil production were usea@s suggested by the 2006 Guidelirsmssa proxy to estimate
emissions from oil/gas exploration, there would be an overestimatioreover, arrent oil production is
onshore, while explorationsi now being doneprevalently offshore, and the relationship between
exploration/drilling activity and production volumas in the 2006 Guidelines woubrk when the two
activities occur within the same bed.

Emissions factors for drilling, testing and \@eing have been used for productive wells, while only
emissions factor for drilling has been used for non productive wells.

Oil and gas production and processing

CH, emissions from the production of oil and natural gaswell for natural gas processingve been
calculated according with activity data publishednational energybalance (MSE, several years [a]), data
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by oil and gas industry association (UP, several years), data supplied by operators, and emission factors
published on the IPCQGuidelineg(IPCC, 20®).

CH, emission factors for the whole time seres/e beeralculated taking intaccount this informatioalso

for oil venting and flaring and for gas flaring

For CQ, the IPCC defaultemission factorhas not beemmodified for each categoryas nospecific
information is available.

N2O emissions from flaring in oil and gas production have been estimated on the basis of activity production
data and emission factors reported in the IRQ@elinesIPCC, 20®).

As regardshe decline of CHIEF for natural gas production and processing, gas companies stated that along
the time there has been an increasing awareness to reduce GHG emissions and new emergency managemer
systems have been implemented periodically in order taceedmissions from venting. Moreover, with the
updating of management systems, more accurate methods to estimate vented gas have been adopted by th
main gas company at regular intervals.

In Table 342, the time series of national production of oil agabs are reported. Natural gas production
should further reduce in the next years.

Table 342 National production of oil and natural gas

1990 1995 2000 2005 2010 2015 2016 2017 2018

Oil (Gg) 4,668 5,236 4,586 6,111 5,106 5,470 3,760 4,148 4,684
Natural gas (Mm?®) 17,296 20,383 16,766 11,962 8,265 6,877 6,021 5,657 5,553
Source: MSE

Natural gas transmission and distribution

CH, and CQ emissions from the transmission in pipelines and distribution of natural gas have been
estimated on thbasis of activity data published by industifyenational authorityand information collected
annually by the Italian gas operatols.other word he most relevant information is the amount of natural

gas transmitted/distributed and the methane emissaported by operators in their environmental reports or
communicated to ISPRA.

The emissions communicated by main operators are estimated separately for transmission/distribution taking
into account known lengths and materials of pipelines just toratdithe model used to estimate fugitive
emissions from minor operators.

Emission estimates take into account the information on: the amount of natural gas distributed (ENI, several
years [a] SNAM, several years); length of pipelines, distinct by low, imedand high pressure and by type,

cast iron, grey cast iron, steel or polyethylene pipelines (AEEG, several years); natural gas losses reported in
the national energy balance (MSE, several years [a]); methane emissions reported by operators in their
environmental reports (ENI, several years [b]; EDISON, several yBa&l&M, several years).

CO; emissionshave beermalculatedconsidering C@content in the leaked natural gas.

The average natural gas chemical composition has been calciitatedhe composition of natural gas
produced and imported

Main parameters of mixed natural gas, as calorific value, molecular weight, and density have been calculated
as well. Data on chergl composition and calorific value aapplied by the main national gas providers
domestic natural gas and for each country of origin.

Table 3.43 shows average data fationalpipelinesnatural gas.

Table 343 Average composition for pipelines atural gas and main parameters

1990 1995 2000 2005 2010 2015 2016 2017 2018

HCV (kcal/ma) 9156 9,193 9215 9261 9325 9,303 9,351 9,340 9,340
NCV (kcal/ms) 8,255 8,290 831 834 8412 8391 8444 8433 8428
Molecular weight 17.03 1719 17.37 17.44 1746 1733 1752 1743 17.34
Density (Kg/Sim) 0.72 073 074 074 074 073 074 074  0.73
CHa (molar %) 9430 9336 9222 9193 9203 9272 9154 9208 92.64
NMVOC (molar %) 345 409 484 535 574 526 6.17 593  5.62
CO2 (molar %) 0.22 020 018 049 075 070 065 067  0.74
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1990 1995 2000 2005 2010 2015 2016 2017 2018

Other no carbon gas (molar %) 2.03 2.34 2.76 2.24 1.48 1.32 1.64 1.33 1.00

CHa (weight %) 88.83 87.14 8516 8453 8452 8580 8379 8471 85.68
NMVOC (weight %) 733 862 1000 1073 1127 1034 12,04 1151 10.87
CO2 (weight %) 057 051 047 1.23 189 178 1.62 1.70  1.88

Other no carbon gas (weight %) 3.27 3.74 4.37 3.51 2.30 2.10 2.56 2.09 1.58

More in details, emissions are estimated separately for the diffdrases: transmission in primary pipelines

and distribution in low, medium, and high pressure network, losses in pumping stations and in reducing
pressure stations (including venting and other accidental losses) with their relevant emission factors,
consideing also information regarding the length of the pipelines and their type.

According to Table 4.2.1 of the 2006 IPCC guidelines, transmission concerns systems used to transport
processed natural gas to market (i.e., to industrial consumers and natudatiglastion systems). More
specifically, it regards thaigh-pressurepipelines. On the other hand, distribution is at downstrem from
transmission and concerns distribution of natural gas to end users with medilmvgrdssurepipelines.

Almost half of total transported gass delivered with high pressure pipelines directly to power plants and
otherbiggerindustrial consumers.

Emissions from low pressure distribution include also the distribution of gas at industrial plants and in
residential and comercial sector; data on gas distribution are only available at an aggregate level thus not
allowing a separate reporting.

In addition, emissions from the use of natural gas in housing are estimated and included. Emissions
calculated are compared and bakxthwith emissions reported by the main distribution operators.

Finally, the emission estimates for the different phases are summed and reported in the most appropriate
category (transmission/distribution).

Table 344 provides the trend of natural gastdizution network length for each pipeline material and the
average Chlemission factor.

Table 344 Length of low and medium pressure distribution network (km) and network emission factors for Chl

Material 1990 1995 2000 2005 2010 2015 2016 2017 2018
Steel and cast iron (km) 102,061 131,271 141,846 154,88€¢ 198,70€ 203,11€ 204,062 204,890 205,273
Grey cast iron (km) 24,164 23,229 21,314 15,080 4,658 2,398 2,163 2,088 2,063
Polyethylene (km) 775 7,300 12,550 31,530 49,663 56,943 57,883 59368 59,358
Total (km) 127,00C 161,80C 175,712 201,49€ 253,027 262,457 264,108 266,346 266,693
CHa4 Emission Factors (kg/km) 1,958 1,417 1,228 1000 719 550 535 532 484

More details on the methodology used and on the basic information collected from operators are reported in
a technical paperarried out by ISPRAn order to assess emissions frim whole natural gas distribution

grid (Contaldi, 1999).

The study addressed natural gas leakages, pipelines material, and operating pressure with data of 1995. All
main gas operators were involved. An estimation model was set up in order to apprdx@riatewn gas
emissions from the main operators and total emissions for year 1995. Emission factors distinct by pressure
(low, medium and high) and material (cast iron, grey cast iron, steel or polyethylene) was applied to achieve
the goal. Emission facterfrom Battelle study for former West Germany was applied, cross checked with
operatorés data and modified where it is needed.
table) are fAworsenedo to take account for | ower ¢

The pipelines emission factors for transmission and distribution useehi@sion estimategre reported in
thefollowing box
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Emission factors for transmission and distribution in pipelines in 2018 by operator

Pressure
Material High | Medium | Low
m3/km
600 (SNAM) 441 (ltalgas) 441 (ltalgas)
Steel 700 (Other) 533 (ENEL) 533 (ENEL)
533 (Other) 536 (Other)
441 (ltalgas) 441 (ltalgas)
Cast iron - 533 (ENEL) 533 (ENR)
533 (Other) 536 (Other)

5110 (Italgas)
- 6205 (ENEL)
7136 (Other)

Grey cast iron

517 (Italgas)
Polyethylene - 720 (ENEL)
- 711 (Other)

SNAM is the main operator for national gas transmission and ireppudrt. ITALGAS and ENEL are the

main operators for gas distribution. Thayblish annually environmental reports with amount of natural gas
conveyed and total leaks. Moreoy8NAM provides to ISPRA chemical composition and energy content of
national gas imported and produced. IN3NAM accounts for about396 of national pipknes length and

about 99% of transported galTALGAS and ENEL account for abouB% of distribution network length

and about44% of distributed gas. There are abo@0perators distributing natural gas. AEEG is the
National Authority for Electricity ad Gas. Starting from 2000 AEEG issues a yearly report with information

on pipelines and network length, operating pressure, and network type concerning pipelines material. The
estimation model calibrated on the main operators was used to estimate fagitsg@ons from minor
operators. Natural gas leaks by main operators and average composition of natural gas are used to estimate
fugitive emissions. For minor operators lower quality standard and higher specific emission factors for
network material, ventig, and other accidental losses were considered.

In order to take account of different sources of emissions (LNG regasification plants, compression stations,
pipeline import/transmission and distribution, venting, and other accidental losses) the total leaks
communicated by main operators and those estichfor minor operators are distributed resulting in implied
emission factors for the other sources of emissions than transmission and distribution.

In thefollowing box,2018 implied emission factors for transmissiand distributiorsourcesare repord:

Implied emission factors for transmission in 2018

LNG regassification 0.35Mm3 NG / Gn? NG imported

Pipeline compression station 0.16 Mn? NG / Gn? NG transported

600 - 700 n¥/km (as reported in the previo
table for highpressure pipelines)

0.014Mm?® NG / Gn?¥ NG transported (SNAM)
0.1220Mm?3 NG / Gn? NG transported (other)

Pipeline transmission

Venting and other accidental losses

Implied emission factors for distribution in 2018

As reported in the previous table for medi
andlow-pressuregipelines

0.028Mm?® NG / Gn?# NG distributed (Italgas)
Venting and other accidental losses 0.212Mm?3 NG / Gn?# NG distributed (Enel)
0.237Mm3 NG / Gn? NG distributed (Other)

Pipeline distribution

Furthermorefugitive emissions due to the use of natural gas at home are considered and estimated with
emission factoequal to36 kg CH / TJnatural gas distributed
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The estimation model used to estimate fugigwmissions is updated every year considering data published
by AEEG on pipelines and it is calibrated with annual leakage data published by main operators in their
environmental reports.

The next graph shows the Cldmission factors time series since 1980 riatural gas transmission and
distribution:
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Figure 3.1 Trend of CH4 emission factors for natural gas transmission and distribution

The different trends are explained by different composition of natural gas along the time series as CH
content and avage density.

3.9.3 Uncertainty and timeseries consistency

The uncertainty in C&CH., andN-O emissionss quite differentiatedor sources as shown in Table 3.45

Table 345 Activity data (AD) and emission factor (EF) uncertainties forCO2, CH4, and N2O emissions

CO; CH4 N.O
AD EF | AD EF AD EF
Solid fuels NA NA
Oil and natural gas Qill 3% | 10% | 3% | 50% | 3% 50%
Oil and natural gaé Natural gas NA NA
O!I andnatural gas Ven_tlng. and flan_ng 50% | 10% | 50% | 50% | 50% 50%
Oil and natural gas Flaring in refineries

Montecarlo analysis was applied to estimate uncertainty afébtssions; the resulting figure was 17.2%

for 2009.Normal distributions have been assumed for most of the paramatéhe same time, whenever
assumptions or constraints on variables were known this information has been appropriately reflected on the
choice of type and shape of distributions. A summary of the results is reported in Annex 1. No variation
could be conceived on assumptions as concern probability distributions and standard deviations.

Fugitive emissions, in CQequivalent, account fa2.0% out of the total emissions in the energy sector in
2018. CHs, CQ,, and NO emissions show a reduction from 1990 to 0% 48.9%, 43.3%, and19.8%
respectively.

The overall decrease ofCO; fugitive emissions isnainly driven by the reduction irude oil losses in
refineries.

The trend of Chland CQ fugitive emissions from solid fuels is related to the extraction of coal and lignite
that in Italy is quite low. The decrease of Cidgitive emissions from oil and natural gas is due to the
reducton of losses for gas transportation and distribution, because of the gradual replacement of old grey
cast iron pipelines with steel and polyethylene pipelines for low and medium pressure network.
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As regard the flaring activity from oil and gas producticend flaring in refinerietN-O emissionsin CG
equivalentaccount for0.14% out of fugitive emissions, with a reduction sih®80 by19.8%.

Fugitive emissions since 1990 are reported in Tadlé 3.

Table 346 Fugitive emissions fromsolid fuels andoil & gas (Gg CQ eq.)

1990 1995 2000 2005 2010 2015 2016 2017 2018

CO2
Solid fuels 04 01 0.3 0.3 0.3 0.2 0.0 0.0 0.0
Oil and natural gas 4,047 4,002 3,262 2557 2377 2,574 2,189 2,351 2,295
CHa
Solid fuels 132 74 97 90 86 52 49 37 34
Oil and natural gas 8,735 8,082 7,498 6,760 6,167 4,999 4,771 4,782 4,460
N20
Oil and natural gas 12 12 12 13 12 10 9 10 9
Total emissions 12927 12,171 10,89 9421 8,642 7,636 7,018 7,179 6,799

3.9.4 Sourcespecific QA/QC andrerification

Different data sources are used for fugitive emissions estimates: official statistics by Economic Development
Ministry (MSE, several years [g]c]), by Transport of Infrastructuelinistry (MIT, several yearshational
authorities (AEEG, several years; ISTAT, several yga)sgas operators (ENseveral years [bEDISON,

several yeatsSNAM, several yearsand industrial association for oil and gas (UP, several years).

Concerning C@fugitive emissions from refineries activitigbe estimates are balanced with the amount of
crude oil losses reported in the natioe@atrgybalance (MSE, several years [a])

CH, emissions from transmission and distribution of natural gas are verified considering emission factors
reported in literature and detailed information supplied by the main operators (ENI, several years [b]; Riva,
1997).

3.9.5 Sourcespecific recalculatios

Recalculations affected emission estimates of the seittoe 1990. The major recalculations are due to the
updated emissions from oil refining/storage source. The updated data affect the estimatgseshi€€lons

for oil refining/storage betweeri6.1% and +3.5% (averag@.3%) compared to the previous submission.
Minor recalculation concerned the natural gas distribution source with changes.géi3sions between
0.1% and +2.0% (averag®.6%) compared to the previous submission. The recalicui affects the
estimates of Cg,from sector 1B between betwegh9% and +1.2% (averag@.3%).

3.9.6 Sourcespecific planned improvements

No further improvements are planned for the next submission.
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4 INDUSTRIAL PROCESSES AND PRODUCT USE [CRF sector 2]

4.1 Sector overview

By-products or fugitive emissions, which originate from industrial processes, are included sediais
Where emissions are released simultaneously from the production process and from combustion, as in the
cement industry, these are estimated separately and included in catégary

All greenhouse gases as well as COxNMVOC and S@emissions arestimated.

CO, emissions related tdIMVOC from solvent use in paint application, degreasing and dry cleaning,
chemical products manufacturing or processing and othearesstimated.

N.O emissionsare also estimated. These emissions arise fahvamicali ndustry ( 2B) and
product manufacture and use (2G). As for CRF sectortl2suse of MO occursin medical applications,

such as anaesthesia, andthe food industry, where PO is used as a propelling agent in aerosol cans,
specifically thosdor whipped cream. flgissions from the use ofzN in explosivesrealso included.

In 2018 industrial processes and product use account & d4f4CQ emissions, 0.10% of C413.8% of

N.O, 100% of PFCs, HFCs, $&nd NE. In terms of CQ equivalent, industrial processes and product use
shareB.1% of total national greenhouse gas emissions.

The trends of greenhouse gas emissions from the industrial processes sector are summarised in Table 4.1.
Emissions are reported in Gg for & @H, andN2O and in Gg of C@equivalent for Fgases.

An increase in HFC emissions is observed from 1990 t8,2@ile CQ emissions from chemical and metal

and mineralndustry reduced sharply in the period.

Table 4.1 Trend inGHG emissions from the industrial processes and product use sector, 192018 (Gg)

GAS/SUBSOURCE 1990 1995 2000 2005 2010 2015 2016 2017 2018
CO2 (Gg) 29397 27341 2590¢ 28774 21,77% 1500¢ 14,767 1501: 1528¢
2A. Mineral Products 20,72C 2024C 20,74¢ 2330¢ 1737¢ 1121¢ 1061: 1081c 1090C
2B. Chemical Industry 2,577 1,632 1,421 1,697 1,434 1,25¢ 1,465 1,472 1,611
2C. Metal Production 4,37¢ 3,90¢ 2,30z 2,41¢ 1,834 1,562 1,71C 1,67¢ 1,682

2D. Nonenergy products from

172: 1567 1436 1355  112¢ 971 98C  1,04f 1,097
fuels and solvent use

CHa(Gg) 516 536 292 297  23¢  17¢c 191 177 176
2B. Chemical Industry 245 265 031 025 022 047 017 047 018
2C. Metal Production 271 271 261 272 217 153 172 161 158
N2O (Gg) 2416 2584 2885 2768 411 206 211 234 226
2B. Chemical Industry 2154 233t 2554 2503  20¢ 048 03¢ 046  0AC
3;' Otherproduct manufacture ¢ o5 54c 331 266 202 157 172 187 186
HFCs (Gg COz eq.) 444 927  248¢ 7617 12053 15380 15965 16408 1657C
2B. Chemical Industry 44400 54877 2638 2429 101 126 118 123 155
2C. Metal Production 0.0C 0.0C 0.0C 0.00 2.12 10.17 10.37 10.34 9.73
2E. Electronics Industry 00C 607 871 719 1073 948 866 902  69C
é%sp roduct Uses as Subsfitutes 5 o0 3718¢ 245303 7,58549 12,03905 15367.87 1594317 16,387.33 1655156
PECs(Gg COz eq.) 200686 149231 148850 1,93995 152039 168833 161373 1,31368 165727
2B. Chemical Industry 93172 104142 99147 154742 1530064 155190 149278 119238 151126
2C. Metal Production 107513 34991 23083 21211  991€  00C  00C  00C  0.0C
2E. Electronics Industry 00C 10096 2662C 18042 12057 13643 12095 1212¢ 14601
SFs(Gg COz eq.) 40835 67972 60431 55000 39379 47225 39942 41749 44643
2B. Chemical Industry 1140C 1140C  00C 000  00C  00C  00C  00C  00C
2C. Metal Production 00C  00C 16416 8080 1667  00C  00C  00C  0.0C
2E. Electronics Industry 00C  149C 619C 5716 3058 4731 5271 6595 5005
iSd Stshee'Pmd”Cts Manufacture  ,q,35 55087 37826 41203 34654 42493 34671 35154 39637
NF3(Gg COz eq.) 00C 7657 1326 3338 2017 2842 3398 2350 2213
2E. Electronics Industry 00C 7657 1326 3338 2017 2842 3398 2350 2213

Unspecified mix of HFCs and
PFCs(Gg CO2 eq.)

0.0C 22.9¢ 22.9¢ 22.9¢ 22.9¢ 22.9¢ 22.9¢ 22.9¢ 20.92
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Fourteenkey categoriehave beendentified for this sector, for level and trend assessment, using both the

Approach 1 and Approach 2. The resultsZ04.8 are reported in the following box.

Key-category identification in the industrial processes sector with the IPCC Approach 1 and Approach 2 for 2018

without with
KEY CATEGORIES LULUCE LULUCE
2A CQ Emissions from cement production L, T L, T
2A CQ Emissions from lime production L1 L1
2A CQ Emissions from other process uses of carbonates T1 Tl
2B CO Emissions from ammonia production T1 Tl
2B N20 Emissions from adipic acigroduction T T
2B N20 Emissions from nitric acid production T Tl
2B HFCs Emissions from fluorochemical productions T2
2B PFCs Emissions from fluorochemical productions L2, T L2, T
2C CO Emissions from iron and steel production T1 Tl
2C PFC Emissions from Aluminium production T T
2D CO Emissions NorEnergy products from fuels and solvent use L2, T2 L2
2F HFCs Emissions from substitutes for OPRefrigeration and air conditioning L, T L, T
2F HFCs Emissions from subitites for ODS Foam blowing agents L2, T2 T
2F HFCs Emissions from substitutes for OBSire protection L, T L, T

CO, emissions from cement, lime and other carbonate uses are included in categos® Zinibkions from
adipic acid, nitric acid and CQemissions from ammonia refer to 2B; £€&missions from iron and steel
production and PFC emissions from aluminium produacare included in 2CCO, emissions from non
energy products from fuels and solvent use are included in 2Ds fi6i@ substitutes for ODS are included
in 2F and HFC and PFC emissions from fluorchemical production are included. iM@&Bane emissions
from the sector are not a key source.

Most of these categories are also key categories in the 1990 assessment.

For the industrialprocesses sectoemissios and backgrouhdata collected in the framework of the
European Emissions Trading Scheme, the Nati®ollutantRelease and Transf&egister [talian PRTR)
havebeenused either directly in the estimation process or as verification of emission estimates, improving
national emissions &ors as well as activity data

Emissions and activity dasubmittel under the ETS are mandatorily subject to verification procedures, as
requested and specified by the European Directive 2003/87/EC (art. 15 and Anhexcafpliance with

the above mentioned legislatiandependent certificatiaand verificatios of activity data, emission data

and emission factors are required. At national level, data verification has to be carried out by verifiers
accredited by the national ETS Committee according to the ministerial decree DEC/RAS/115/2006. The
verification of data sbmissions ensures reliability, credibility, and precision/accuracy of monitoring systems
for data and any information relating emissions by plahé guidelines for reporting under ETS are aligned

to the 2006 IPCC Guidelines.

The ltalian legislation impmenting EPER Decision included a legislative decree and a Ministry decree
providing guidelines for reporting by the ltalian EPER facilities. The ltalian legislation implementing
Regulation (EC) 166/2006 is a Decree of the President of the RepDBIR (157/201). Annexed to the

DPR is a guideline for the reporting by the Italian PRTR facilities.

Both guidelines for the reporting by the Italian EPER/PRTR facilities provide the list and description of the
information to be reported, which includes: adtiviata (mandatory), total releases exceeding the reporting
threshold values (mandatory); total -gffe transfers of pollutant exceeding the reporting thresholds
(mandatory); total off site transfers of waste exceeding the reporting thresholds (mandatory)
Releases/transfers information to be reported by facility operators can be based (in compliance with national
and EU legislation) on measurement, calculation, estimation. In the case that operators report information
based on measurements/calculatiorythee requested to communicate also what methodology has been
applied to measure/calculate total releases/transfers.

As for activity data reporting under the national PRTR, no detailed requirements have been included in the
national PRTR legislation and igelines, although some general guidance is provided and followed by
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operators. The operator is expected to report the best available information concerning activity data for each
reporting year, basically the amount produced, manufactured or treatee megbrting year shall be
reported. It is appropriate to consider also that the largest majority of facilities in the scope of EPER/PRTR
are also in the scope of EU and national legislation concerning the permitting procedures, monitoring and
control obligation for the larger industrial facilities. The quality of information reported by the facilities
under the national EPER/PRTR is assessed by the competent authorities, the same authorities are usually
involved also in the permitting procedure of thesdifes, thus cross checks of information concerning AD

and emissionareexpected by the national legal framework.

Since emissions data reported under the national EPRTR can be measured, calculated or estimated, the
European PRTR Guidance Document arel riational guideline for reporting to the national PRTR include

also references to the IPCC Guidelines methodologies.

The collection of facility reports under the national EPER/PRTR is a task that ISPRA has to carry out by
law. The national inventory teaim in the same unit of ISPRA where the national EPER/PRTR is managed,
the inventory team has full access to the whole national dataset of the Italian EPER/PRTR without
restrictions on the type of information (AD and emissions of each reporting facigeavailable for the
inventory team). Italian EPER/PRTR data (emissions and transfers of pollutants, transfers of wastes) are
publically available on the internet at the European PRTR welisjig/prireeacuropa.eufin compliance

with the legislation activity data of the reporting facilities are not disclosed to the public).

Data fromthe ETS and EPRTRIatabasgare incorporated into the national inventory whenever the sectoral
coverage is complete; in dg not alwaysdata entirely coverthe relevantcategores whereas national
statisticsprovide the complete basic data needed for the Italian emission inventory. Neverthebesiata
areentirelyused to develop countgpecific emission factors andeadk activity data levels.

4.2 Mineral Products (2A)

4.2.1 Source category description

In this sector C@emissions from the following processes are estimated and reported: cement production,
glass production, lime production and other processes uses of caghonat

Cement

Cement production (2A1) is the main source of;@@issions in this sectoAs already mentioned, it is a

key source both at level and trend assessment with and without LULUCF, also considering uncertainty, and
accounts for 2.23% of thetal national emissions.

During the last 15 years, in Italy, changes in cement production sector have occurred, leading to a more
stable structure. The oldest plants were closed, wet processes were abandoned in favour of dry processes sc
as to improve th implementation of more modern and efficient technologies. The effects of the global
recession period have led at national level to facilities closedowns and many conversions from full cycle to
grinding plants. Since 2011 Italy has become the second tqmetucer country in the EU 28 causef

the reduction of clinker production in the last years.

The picture of the cement sector in 80tas19 companies6 plants of which: 2 full cycle and24 grinding

plants; i.e. in 208 one grinding plant vas closed compared to 2@\ operating in Italy: multinational
companies and small and medium size enterprises (operating at national or only at local levelm@trenpres

the country.

The operating plants are located as follows: 39% indrthern Italy, 16% is in the central regions of the
country and 45% is in the southern regions and in the islaih@sctive sintering rotary kilnbelong to the
Adryo or of fAsemidryo types.

In Italy different types of cement are producEEDERBETONAITEC, the national cement association, has
been characterigg the national production 2018 as follows: 7% is CEM Il (Portland composite
cement); 5.8% is CEM I (ordinary Portland cement); @% is CEM IV (pozzolaniccement) and.. %6 is
CEM Il (blastfurnace cement). Clinker production has been decreasing sincab@i-4.9% in 2016

12¢


http://prtr.eea.europa.eu/

compared to 2015put for the last two yearshe productionvalues have keptery close to the amount
manufactured in 2016. l@ker demand in cement production wasoat 77% in 2018 (consumption of
clinker out of production of cement).

Lime

In 2018, CO, emissionsfrom lime production is key category at level assessment, with and without
LULUCEF, following the Approach.

CO; emissions occimg from processes wherene is produced account for6Q% of the total national
emissionsLime production can also occur, beside lime industry, in different industrial sectors such as iron
and steel making, pulp and paper production, soda ash productionpsadyastion; lime can also be used in

a number of processesoncerning wastewater treatment, agriculture and the neutralization of acidic
emissions in the industrial flue gases. In particuta other relevant lime productions accounted for in Italy
are hose occurring in the iron and steel making process and in the sugar production process.

Lime is basically produced by calcination of limestone (calcium carbonate) or dolomite (calcium/magnesium
carbonate) at 900°C. The process leads to quicklime ap@@iSsions according to the following reaction:

CaCQ + MgCQO; + heat4 CaO +MgO+2CQ

CO; is released because of the process reaction itself and also because of combustion to provide energy to
the process. CaO and MgO are called quicklime. Quicklime, tageittewater, give another product of the

lime industry which is called calcium hydroxide Ca(@H)

CO, emissions estimation is related to lime production in mineral industry and it also includes the production
of lime to feed other industrial processeg(@on and steel making facilities).

The number of lime prodtion facilities has been relevantly changing through the years as shown in the
following box:

1990 2003 2010 2012 2013 2014 2015 2016 2017 2018
Lime facilities (n.) 85 46 35 33 32 29 25 26 25 25

figures from 2010 onwards are based on the number of facilities reporting underEESEU

Moreover, 46% of the plants is in the southern regions and in the islands, 39% is in the northern regions and
15% in the central regions.

The number of operating kilns has also decreased significantly through the years (about 171 in 1990, 75 in
2003).

During the nineties, lime industry invested in technology implementation to replace the old kilns with
regenerative and high efficiency kilns, rotary kilns are no longer used.

Concerning fuel consumptions, 80% of the national lime industry uses natur20%asses coke.

Other processes uses of carbonates (limestone and dolomite use in brick and tiles; fine ceramics; paper
industry and power plants)

This category is key category in 281at trend assessment, with and without LULUCF, following the
Approach 1

CO, emissions are also related to the useasbonatesn different industrial processes, and they account for

0.19% of the total national emissions. Limestone or dolomite can be added in different steps of the
production process to obtathe desiredoroduct features (i.e. colour, porosity). Sometimes carbonates in

|l i mestone and dol omite may have to be calcined (7
process. Limestone and dolomite are also used in paper production process artdeatrttent of power

plants flue gases. A steep decrease in the production processes and the relevant use of limestone can be
observed between 2007 and 2009; use of limestone has been decreasing more gradually since 2009; the
overall decrease being mainlyivden by the use of limestone and dolomite in the brick and tiles sector.
Mineral (stone) wool production which occurred in Italy along the years-2008 isincluded in emission
estimates forthe energy sectorStone wool has not begroducedin Italy since 2009.Since the last
submission, this category includes also the whole timeseries foei@idsions from other uses of soda ash.

Glass production
Glass industry in Italy can be characterised with regard to four glass product types: flat glass, container glass,
borosilicate and lead/crystal glass. Flat glass is produced in facilities mainly located in the North; container
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glass is produced in facilits located all over the country; glass fibres and wool are produced in the North.
About 80 companies carry out activities related to glass industry in Italy, 30 companies carry out glass
production processes in about 54 production units.

With regard to gdss chemical composition, the national glass production consists of 95%ns®ddass,

4% borosilicate glass and 1% lead/crystal glass.

The main steps of the production process in glass industry are the following:

9 raw materials storage and batch forntiola

1 melting of the formulated batch at temperature ranging from 1400°C to 1600°C, in different furnaces
according to the type of glass product;
9 forming into glass products at specific temperature ranges;
1 annealing of glass products to prevent weak glassto stress.
The formulated batch is generally melted in continuous furnaces, whose size and features are related to the
types of glass production. In Italy 80% of the glass industry production is carried out using natural gas as
fuel, other fossil fued consumption is limited to low sulphur content oil. Emissions are basically released by
the high temperature melting step and depend on the type of glass product, raw materials and furnaces
involved in the production process. Main pollutants are: dust, BQ, CO;,; occasionally and depending on
the specific production process, heavy metals, fluorides and chlorides gases could be released. CO
emissions are mainly related to the decarbonisation of carbonates used in the process (soda ash, limestone,
dolomite) during the melting phasaccounting for 03% of the total national emissianghe use of scrap
glass (recycled cullets) in the production processes has been increasing in Italy since 1998 thus contributing
to the reduction of emissions from decarsioon and from the melting phase.
In the following box, values of the rate of glass recycling from 1998 are reported (COREVE, several years).

Rate of glass recycling
GLASS

PRODUCTION

Rate ofglass recycling
(%)

1998 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018

388 469 572 584 629 618 624 614 585 571 570 578

4.2.2 Methodological issues

IPCC Guidelines are used to estimate emissions from this sector (IPCC, 1997; IPCC, 2000; IPCC, 2006).
Activity data are supplied by industries and/or provided in the national statistical yearbooks (ISTAT, several
years[a]). Emission factors are those provided by the IPCC Guidelines (IPCC, 1997; IPCC, 2000; IPCC,
2006), by other international GuidebooksMIEP/EEA, 2013; USEPA, 1997), or they are derived by data
communicated at plant level.

Cement

CO, emissions from cement production are estimated using the IPCC Tier 2 approach.

Activity data comprise data on clinker production provided thg Italian ministry of the economic
development (MBE, several yearf]). More in details from 1990 to 2008 dfi@al statistics provided by
ISTAT have been used (ISTAT, several ydat$. From 2009, ISTAT clinker and cement statistics have not
beenprovided in time for the official submission anymore so a different source of information has been used.
In particular data on clinker and cement productions, based on a plant by plant monthly colleetien,
officially provided by the Italian Ministry for the Economic Developmexttnational and regional levaind
madeavailableup to the last inventory submission 2018 at the Ministry website which is no longer
available.

These production dataere cross checked with EPRTR and ETS data and with ISTAT statistics when
available. Clinker production provided by the Ministry for the Economic Development seems to be more
reliable than statistics published by ISTAT that are based on a sample survey with quite a low response and
data gaps are estimated by linear interpolatgnce the last inventory submission, activity data referring to
cement/clinker production (in 20Bhd 2018) have been taken from the data reported to the national ETS.
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Emission factors are estimated on the basis of information provided by the Italian Cement Association
(Federbeton/AITEC, several years) and by cement facilities in the framework &utbpean pollutant
release and transfer registerPRTR) and the European emissions trading schemeEE}). In this latter
context, cemenproductionfacilities reported fuel consumptipmaw materialand emissions, split between
combustion process argkcarbonising process and complying with a clinker kiln input method which is
based on IPCC methodology.

From 1990 to 2000 the resulting emission factor for cement production is ede@2 ky CGyt clinker,

based on the average CaO content in the clinker and taking into account the contribute of carbonates and
additives.This value was assumed as representative of the Italian clinker manufacturing process by AITEC
(AITEC, 2004) and officially reped to the Italian Ministry of Environment, Land and Sea in order to set
the national circumstances for the implementation of the Eurepeagsions Trading Scheme (EETS) in

our country.The value was calculated by the industrial associationhe bas of a tool provided by the
World Business Council for Sustainable Development, available on website at the address
http://www.ghgprotocol.org/files/ghgp/tools/coSI_Cement_Protoc2.0.pdf and data from some big
Italian plants

From 2001 to 2004, emission factors are the result of a linear interpolatior, tEE@r 2000 and 2005.

From 2005, emission factors are based on the data reported within the framaeE®fER/EPRTR and EU

ETS. Based on emissions and activity data (which includes the average CaO content in the clinker produced
and the use of carbonates and additives) reported and verified under -fB€SEthe resulting emission
factor has been fluctuatnfor the last ten years as shown in Figure 4.1: it resulted in a minimum equal to
518 kg CQ/t clinker in 2008, and a maximum in the period equal to 531 kgt@lnker in 2007 and a

value around 525 kg G in the following years. Since 2016 the £8BF is about 520 kg Cli clinker, in

2018 the values is 523 kg @Oclinker. The average emission factor varies year per ysw as a
consequence of the differemperating circumstances (e.g. quality of the raw materials and operating
conditions)at theltalian clinker facilities.

The information related to activity data and emissions for the clinker facilities reporting to the national ETS
system have been processed. The range of uncertainty based on data communicafdriy ih@bout 5%

in the period 20052009 and it is about 4% in the period 2@A@M5 and about 6% in 20E6d 5%in 2017
and2% in 2018.
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Figure 4.1 CQ: IEF from decarbonation in clinker production, 1990-2018

In addition to this, AITEC has been reporting the overall consumption of natural raw materials by the
national cement industry and also the replacement of natural raw material (either in the raw meal for the
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clinker manufacture or in the ground mix for téferent cement types) with alternative materials in the
Italian cement facilities, so:

1 Specific consumption of natural raw materials has been varying for the last years;
1 The rate of replacement of natural raw materials has been varying for thealast ye

In 2018 approximately6% of natural raw material was replaced by abo&2 Mt non raw materials (@8

Mt non hazardous wastes add0 Mt secondary raw materjalAITEC, 2019). Most of thealternative
materials consist of already decarbonised malteriThe use of decarbonised material in amounts varying
year by year in clinker kilns contributes explaining the fluctuations in the trend of the EEOfrom
decarbonisation.

In the following box the amounts of natural raw matecahsumption for the years 20@918 have been
reported together with the amounts of secondary raw materials and the replacement rates in the same years.

Replacement of natural raw materials by secondary raw materials at the Italian cement facilities

RAW MATERIALS DEMAND 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Natural raw materials (Mt) 43.6 43.4 40.4 34.2 29.8 25.1 235 25.4 27.5 25.4
Secondary raw materials (Mt) 1.9 1.8 1.9 2.3 1.9 1.7 1.5 1.7 1.8 1.7

Natural raw material/ clinker (t/t) 1.726 1.719 1.681 1.780 1.763 1.59 151 1.72 1.85 1.72

Replacement of natural raw
material (%)
(source: AITECseveral yeans

4.0 4.3 4.3 6.8 6.7 6.3 6.5 64 6.7 6.0

Regarding industry data verification, the available activity flatéhe cement/clinker production in Itafye
consistent tdhe information supplied by the ltalia@®ment industry associatioto data reported under the
national PRTR andlso todata cdected in the frame of the national ETS. Emission data reported under the
different obligations are in accordance for all theilities.

In the following box the number of clinker facilities reporting under EPRTR and ETS are shown together
with the coresponding number of operating facilities according to the ceassotiation (AITEC).

Clinker
facilities
Reporting to the
national PRTR 52 53 53 54 53 50 50 51 47 37 34 32 30 30
(n)

Reporting unde

the national ET! 52 53 54 54 52 52 51 51 48 39 36 32 32 31
()

Number of
clinker
manufacturers i
Italy (AITEC)
PRTR/AITEC
(%)

ETS/AITEC (%) 88 90 90 90 90 90 89 91 96 98 97 97 97 97

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

59 59 60 60 58 58 57 56 50 40 37 33 33 32

88 90 88 90 91 86 88 91 94 93 92 97 94 94

In the framework of the EMETS register 31 cement facilities reported referred to 2018 whilst 30 reported
releases to air under the EPRTR register. These figures out of 32 operating facilities according to
FederbetoXITEC represent more than 99% of total national clinker production. Generally, when the
number of ETlinker facilities is lower thafrederbetoXITEC figure, information concernglocalization

and production capaciig availablefor the facliities out of the scope of EBTS. AITEC reports every year

the number of operating cement/clinker facilities in Italy and the cement production of the whole sector.
Under the ELETS, cement plants communicageissions and activity data split between ggeand
processes phasesd specifyinghe amount of carbonates and additivdsch are constituents of the raw

me a | complying with a ;fbath activity data akdiemissions angdependentha p p r o
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verified and certified as requested I tEUETS directive.The implied CQ emission factor is applied to
the total national clinker production.

Basically, CQ emissions time series is related to clinker production time series. Specifically, main decreases
in the national production of cementustry, which well reflects the economical trend) b& observed for

the years 1992994, an increase in production can be obsefred 1996 to 2001 and from 2002 2007,

while a significant decrease in theoduction is observed for 200Z009 and 201-2017 due to theffects of

the economic crisis and the significant reduction in the number of authorizations to build between 2005 and
2015 ¢84%). As for 2018, a weak increase in the number of new permits to build was recorded. Practically,
the same udations can be observed in €@missions trend. In order to enhance the transparentye
inventory, in Figure 4.2linker productiorandCO; emissions time seriegeshown.
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Figure 4.2 Trend of clinker production and CQO; emissions 1992018 (Gg)

Lime

CO; emissions from lime have been estimated on the basis of production activity data supplied by ISTAT up
to 2008 (ISTAT, several yeafa]) and by operators in the frame of the ETS reporting obligations from 2009.
ISTAT reported till 2005 lime production data on the national Statistical Yearbook with the footnote
explaining that the figure covered 80% of the national total lime production and not including auto produced
lime in sugar mills and in the iron and steel plants.

From 2005 to 2008 lime productions has been provided to ISPRA for the emission inventory but not
published. For the inventory purpose these statistics have been used, properly adjusted as indicated by
ISTAT, adding normarketed lime productionwhere nonmarketed lime is assumed to be equal to the
manufacture blime at iron & steel sites andigar mills. The information referring to the annual amount of
non-marketed lime is supplied by the operators of siadilities under the nationalofiutant release ah
transfer register (PRTR).

From 2009, only production indexes have been supplied by 1Sfié\Gther information has been published
by ISTAT till 2014 whenlime productions for the last yeavgere made available but these data seem not
consistent with the production index supplied by the same institute for the samé-gednsse reasons ETS
datahas been usegidom 2009.

All the national lime production plants are part of the-EUS and their production data is certified while
data pblishedby ISTAT are based, as for clinker and cement production, on a sample sweling
production and economical informatienth quite a low response index and data for not responding plants
are estimated by linear interpolatiofhere is noevidence of lime facilities not included in the ETS, with
exception of plants located at sugar mills which are includétkiestimats.
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CO; emissions from lime production and use in other industrial processes (e.g. iron and steel production,
sugar mills)havebeen also considered. Emission factors have based ordetailed information supplied

by lime facilities in the framework of the European emission trading scheme and by the national lime
industrial association (CAGEMA, 2005). Specifically, the valug¢hef emission factor from 1998000 has
beenofficially supplied to the Italian Ministry of Environment, Land and $gathe industrial association
(CAGEMA, 2005),in order to set the national circumstances for the implementation of the European
Emissions Tading Scheme (EAETS).

From 2001 to 2004, emission factors are the result of a linear interpolation tEE@r 2000 and 2005.

From 2005, information available in the frame of the ETS reporting obligation has made activity data
(including fuelsandma mat eri als such as carbonates and addi't
approach) available for the ltalian lime industry at facility level together with @@issions data
(combustion and process emissions). Both activity data ande@@3sims are certifiecand independently
verified as requested by the EET'S legislation.

The CQ implied emission factor varies year by year because of the natural raw material fed to the kilns at
facility level including different CaO and MgO contents. In thkowing box, CaO and MgO contents for

the years 2002018 are reported; these figures refer only to the production plants, exchugiogroduction.

CaO and MgO oxides content for lime production (%)

LIME
e —— 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
CaO content (%) %9 967 9.2 936 944 898 907 971 977 955
MgO content (%) 3.1 3.3 3.8 6.4 56  10.2 9.3 2.9 2.3 4.5

Other processes uses of carbonates (Limestone and dolomite)

CO; emissions from other process uses of carbonates are related to the use of limestone and dolomite in
bricks, tiles and ceramic production, paper production and also in the treatment of flue gageeswieom

plants In Italy onlylimestone is used fdhe activities included in this category, brick and tiles, fine ceramic,

and pulp and paper production and power plant flue gases treatment, while no dolomite use is documented.
In the present submission the whole timeseries for €fiissions from other as of soda ash are included

and allocated under this category, based on the activity data and emissions information reported by facilities
in the scope of the national ETI®.2018 about 78.7% of the total carbonates accounted for in this category
has beerused in the production processes of bricks and tiles, about 6.7% for the fine ceramic material,
132% in the treatment of flue gases in the power plants, about 0.3% in the paper industry and 1.0% is the
share of the other uses of soda ash.

CO, emissionshave been estimated for the whole time series on the basis of the IPCC default value for
limestone equal to 0.44 t/t; the overall £€nission time series is mainly driven by the@issions from

the use of limestone in the bricks and tiles sector.

In the CRFs the total amount of carbonates accounted for in this category used in these processes is reported.
Detailed production, consumption, activity data and emission factors have been supplied in the framework of
the European emissions trading schemeralayant data are annually provided by the Italian bricks and tiles
industrial association and by the Italian ceramic industrial associations (ANDIL, 2000; ANDIL, several
years; ASSOPIASTRELLE, several years; ASSOPIASTRELLE, 2004, Confindustria Ceramicaal
years).Even though the EU ETS has not been in operation for the wholeséries relevant information
concerning the use of carbonates was made available in the communications to the Italian Ministry for
Environment, Land and Sea to get the oiewof the sector for the national ETS to be implemented

Mineral (stone) wool production has been also taken into account andrii€sions have beerstimated

but they arencluded undeEnergy sector because it is hot possible to identifiskiage of emissions related

to the process aspects and the share of emissions related to the energy aspects (the IPCC 2006 Guidelines d
not provide any indications concerning this issiéiperal wool production in Italy took place in Sardinia at

one facilty during the years from 1993 to 2009 where the production was considered not profitable any
longerand the facility was closed down.

Glass

CO; emissions from glass production have been estimated taking into acémumnt1990 to 2004,
production datgublished by ISTAT on the National Statistical Yearbo@&3 AT, several yearf]); from
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2005 ISTAT statistics have not been available anymoreansistent figures published by the national glass
industry association have been used (Assovetro, several years). Glass wool production is included for the
whole time series.

In the following box, the complete time series of the national inventoryldss goroduction is reported for

the different types of glass.

Glass production time series (Mg)
Type 1990 1995 2000 2005 2010 2014 2015 2016 2017 2018
Flat glass | 816,406 | 879,750 | 1,009,367| 1,183,310| 921,619 | 793,211 | 838,019 | 887,125 | 870,440 | 1,054,763

Container
glass

Glass wool | 105,029 119,120 139,421 129,958 115,332 81,357 86,929 86,498 87,208 98,805
Other glass| 247,684 165,213 362,970 298,000 369,730 369,500 381,900 311,263 403,520 | 420,102

2,609,826 | 3,094,893 3,417,851| 3,716,509| 3,656,425| 3,627,489| 3,936,885| 4,061,931 4,177,711 | 4,287,283

Since 2000information provided by operators under the national ETS has been used to develop emissions
estimation and relevant GGmission factorsCO, emissions from the decarbonatiorgnsideringthe
national circumstances concerning the use of cullets (recydep glass which does not cause,CO
emissions) in the production processes, have been estimated.

In 2018, CO; emission factor has been estimated equal &t IDO,/t, on the basis of information supplied,
under the European emissions trading sché&mé&p out of 52 facilities

4.2.3 Uncertainty and timeseries consistency

The uncertainty in C@emissions from cement, lime, other process uses of carbonates and glass production
is estimated to bequal to 10.4% from each activity, resulting from 3% and 10%abbivity data and
emission factor, respectively. Official statistics of activity datatii@se categories are quite reliable when
compared to the activity data reported by facilities under different data collections, thus leading to the
considered uncertainty level for the activity data. The uncertainty level for emission factors is dhaal to
maximum level reported in the IPCC Good Practice Guidance (IPCC, 2000) for the cement production; this
is a conservative estimation because the range of values of the emission factors of the Italian cement plants
would lead to a lower uncertainty ldve

Montecarlo analysis has been applied to estimate uncertai@@.oémissions from cement for 2008he
resulting figure is equato 10.0%. Normal distributions have been assumed for the parameters and

information deriving from the ETS has been consdein defining the shape of the distributions. A
summary of the results is reported in Annex 1.

In Tables 4.2 and 4.3, the production of mineral products andg@@dsion trend is reported.

Table 4.2 Production of mineral products, 1990 2018 (Gg)

199C 199 200C 200t 201C 201z 201: 2014 201t 201€ 2017 201¢
ACTIVITY DATA

Cement production
(decarbonizing)

Glass (decarbonising) 3,77¢ 4,25¢ 4,151 4,314 4,651 4,88C 4,771 4,87z 5,244 5,347 5,53¢ 5,861
Lime (decarbonizing) 2,58: 2,87 2,597 2,68: 2,561 290¢ 2,647 2,577 2,348 2,328 2,51C 2,877
Other processes use

carbonates (Limestone ¢ 5,781 5,292 5,00C 4,86¢ 4,88 2,607 2,23t 1,96¢ 1,88 1,71z 1,61¢ 1,52/
dolomite use)

29,78¢ 28,77¢ 26,29: 26,75 27,32¢ 19,20¢ 16,90z 15,83 15,527 14,762 14,82z 14,82(
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Table 4.3 CQ emissions from mineral products, 1990 2018 (Gg)

199C 199t 200C 200¢ 201C 201z 201: 2014 201t 201¢ 2017 201¢

(Go)
Cement production 15,84¢ 15,31( 15,86; 17,40: 13,27¢ 10,07. 8,877 8,33¢ 8,19¢ 7,68( 7,711 7,75
(decarbonizing)

Glass (decarbonizing) 452 511 611 76¢ 55¢ 547 54¢ 562 534 51z 561 604
Lime (decarbonizing) 1,877 2,09C 2,01z 2,45¢ 1,96¢ 2,03¢ 1,89 1,85z 1,65¢ 1,667 1,83 2,13t
Other processes use of

carbonateg¢Limestone ani  2,54¢ 2,32¢ 2,26 2,67¢ 1,57% 1,147 984 864 83C 755 71z 671
dolomite use)

CO2 EMISSIONS

Emission trends are generally related to the production level, which has been decreasing for the last years
mainly because of the economic recession.

In particular the trend ofcarbonates used in power plantsdriven by the use ofoal in the productn

power plants due to theise forthe treatment of flue gases

4.2.4 Sourcespecific QA/QC and verification

CO, emissions have been checked with the relevant industrial associations.

Both activity data and average emission factors are also comparedyeaerwith data reported in the
national EPER/EPRTR registry and in the European emissions trading schem&TBU

Under the ELETS, operators are requested to report activity data an@@@sions as information verified

and certified by auditors whdeck for consistency to the reporting criteria.

Activity data and emissions reported under-EUS and EPER/EPRTR are compared to the information
provided by the industrial associations. In particular, comparisons have been carried out for cement, lime,
limestone and dolomite, and glass sectbh& general outcome of this verification step shows consistency
among the information collected under different legislative framework and the information provided by the
relevant industrial associations.

Informationreported under the EHTS has allowed for estimating €@missions from other uses of soda
ash, the whole timeseries is included in the pres
of carbonatesoO category.

4.2.5 Sourcespecific recalculatios

No recalculations occurred for the categories inc

4.2.6 Sourcespecific planned improvements

Further investigations concerning the replacement of natural raw material in diakefacture and in lime
productionare planned

4.3  Chemical industry (2B)

4.3.1 Source category description

CO,, CHs, N2O, HFCs and PFCs emissions from chemical productions are estimated and included in this
sector.

Adipic acid

Adipic acid production is a multistep process which starts with the oxidation of cyclohexanol using nitric
acid and Cu catalysts according to the following reaction:
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CeH110H+2HNOs4 HOOC(CH,)sCOOH+N,O+2H,0+energy

Adipic acid is then used to produce nylon or is tieadther production processes. Together with adipic acid,
N20 is produced and C@s one of the byproducts (Radici Chimica, 1993).

Emissions data from adipic acid production are provided and referenced by one plant, which is the only
producer in Italy (Rdici Chimica, several years). Specificalfgr N2O, in 2018, adipic acighroductionis a

key category at trend assessment, both with Approach 1 and Approach 2, with and Mithd@~. These
emissions account f@&1% of total NO emissions in 20052.4% n 2010, 0.66 in 205 and0.38% in 2018

the notable decrease share is due to the fact that the technology to redu@echissions has become fully
operational at the existing producing facility since 2007.

N2O emissions have relevantly decreased thémkise implementation of a catalytic abatement system (pilot
scale plant). The use of thermally stable catalysts in the pilot plant has allowed the treatment of.flighly N
concentrated flue gas from the adipic acid production plant, reducing the volureatetl gas and the size

of the pilot plant itself. The abatement system is generally run together with the adipic acid production
process. In 2004 this system was tested for one month resulting in complete decomposi@niof2805

the catalytic proess was started only at the end of the year because of technical changes in the system; in
2006 the abatement system had been operating continuously for 9 months (3 months were needed for
maintenance and technical changes) leading to the decompositi@2wofefficiency of the abatement
system while in operation) of J emissions. Since 2007 the operating time has been about 11 months
(about one month was needed for maintenance operations) angltlerissions abatement system while in
operation has reactiean efficiency exceeding 98% (Radici Chimica, several years). In 2011 further
emissions reduction was achieved thanks to technical improvements implemented in the production process
during 2010:

1 the number of scheduled outages of the adipic acid produgtiocess is reduced (from about
1/month to 2/year);
1 the abatement system is set to reach the operating level more quickly than in the previous years.

These two achievements allow reducing the significance.0f peak emissions related to the start&stop
phases. Moreoveran emission monitoring and recording system was implemented in compliance with
Decision 2007/589/EC (Radici Chimica, 2013).

Also CO, emissions are estimated from this source.

Ammonia production

In 2018 CO; emissions from ammonia production are also a key category, at trend assessment with the
Approach 1, with and without LULUCF.

In Italy only one facility had been producing ammonia since 2009 as a consequence of the resizing of the
production at national \el| after the crisis of the largest fertilizer producer, Enichem Agricoltura, and as a
consequence of the international financial crisis in the last years. Two facilities had been producing ammonia
in Italy up to 2008, in 2009 one plant stopped the pradocnd the plant reconversion is currently under
negotiati on. Ammonia is obtained after processing
hydrogen and nitrogen. G@ also contained in the synthesis gas, but it is removed in the desarhmiep

within the ammonia production process. Part of,@Jrecovered as a kyroduct and part is released to
atmosphere. Recovered €@an either be used as input for different production processes (e.g. urea or
calcium nitrate lines; liquefaction @O, plant) on site or can be sold to technical gas manufacturers. The
results of the investigation concerning the recovered W&e accounted for in the previous submissions:
operators provided the information used to revise both the emissions andttheeEEries (YARA, several

years). The amount of recovered m ammonia production (which is fed to urea production processes)
has been also reported in the CRF since the last submission.

Nitric acid

In early nineties seven facilities manufactured nitric acid, but since 2003 the production has been carried on
only in three plants. In 2008 another plant stopped nitric acid production and the reconversion of the plant is
currently under negotiation, sinse 2009 nitric acid production has been carried out in only two plants.

137



Nitric acid is produced from ammonia by catalytic oxidation (with air) of; Mtd NO, and subsequent
reaction with water. Currently the reactions involved take place in low and mpdassure processes.

In 2018, NO emissions from nitric acid production are key source for trend assessitieboth Approach

1 and 2 without LULUCF, and trend with Approach 1, with LULUC#&s they show a relevant decrease in
emissions froml990 due to aeduction in production. Moreover, as far as YARA facility is concerned, the
decrease in YD emissions is also related to the implementation of catalyi@ éfecomposition in the
oxidation reactors a YARA DBl;O patented technology, based on the use @hCatalyst Y ARA, several
years, while the improvements in the monitoring system e©Nemissions at the other facility has been
affecting NO emissions estimation timeseries for the very last years.

Carbon black

Three facilities have beeaarrying out this production which consists basically on cracking of feedstock oil

(a mixture of PAH) at 1200 1900 °C. Together with black carbon, tail gas is a by product of the process.
Tail gas is a mixture of CO, HH,;O, NG, SQ and HS; it is geneally burnt to reduce the emissions to air

and to recover energy to be used in the production process.

CO; emissions from carbon black production have been estimated on the basis of information supplied
directly by the Italian production plants also in fremework of the EU ETS for the last years.

Ethylene, Ethylene oxide, Propylene, Styrene

Ethylene, ethylene oxide, propylene and styrene productions belong to the organic chemical processes. In
particular, ethylene is produced in petrochemical industrgtbam cracking to manufacture ethylene oxide,
styrene monomer and polyethylenes. Ethylene oxide is obtained via oxidation of ethylene and it is largely
used as precursor of ethylene glycol and in the manufacture of surfactants and detergents. Psopylene i
obtained by cracking of oil and it is used to manufacture polypropylene but also acetone and phenol. Styrene,
also known as vinyl benzene, is produced on industrial scale by catalytic dehydrogenation of ethyl benzene.
Styrene is used in the rubber andgtic industry to manufacture through polymerisation processes such
products as polystyrene, ABS, SBR rubber, SBR latex.

Except for ethylene oxide production, which has stopped in 2002, the other productions of the above
mentioned chemicals still occur faly.

As far as ethylene, ethylene oxide and propylene are concerned, Syndial Spa (ex Enichem) and Polimeri
Europa (Syndial, several years; Polimeri Europa, several years) were the main producers in Italy up to 2006.
Since 2007 Polimeri Europa (the pareompany name changed intoVersalis in 2012) has become the main
producer for those products in Italy, while it has been the main producer of styrene since 2002.

Titanium dioxide

CO; emissions from dioxide titanium production have been estimated oradlie df information (activity

data and C@emissions level) supplied directly by the Italian manufacturer in the framework of the reporting
obligation to the EPRTR and EBTS registers. Ti@is the most used white pigment especially for paint and
plastic hdustries. In Italy there is only one facility where this production occurs.

Caprolactame production

Caprolactame is a monomer used in the industrial production of -Byltincan be obtained by catalytic
oxidation of toluene and cycloexane. The proceksases bO.

N2O emissions from caprolactame production have been estimated and reported and are related to only one
producing plant, which closed in 2003.

Calcium carbide production and use
Calcium carbide production process takes place in electriadas) CaO and coke are fed to the furnace and
the product is obtained according to the following reaction:

Ca0+3C4 CaG+CO

CARBITALIA S.p.A. is the only facility which can operate calcium carbide production in Italy
(CARBITALIA S.p.A., 2009). It produced calcium carbide up to 1995, when it stopped the production
because of the increasing price of electricity. The plant gidt®and it is maintained, but since 1995 it has

just been supplying calcium carbide bougbtoad.About 95% of the total CaGsold in Italy is used to
manufacture acetylene, the remaining share is bought by foundries for the desulphuration of steel or
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spheroidal pig iron (CARBITALIA S.p.A., 2019)C0O; emissions from manufacture and use of calcium
carbide have been estimated and accounted for along the whole timeseries

Soda Ash production and use

In Italy only one facility operates soda gafoduction via Solvay process. Solvay process allows producing
soda ash through the conversion of sodium chloride into sodium carbonate using calcium carbonate and
ammonia. CQis released and calcium chloride is the waste.

Up to the second half of year @D in the unit for the production of peroxidates there was one sodium
carbonate line and a sodium perborate line which was then converted to sodium carbonate production. Soda
ash is also usead glass production processes.

Fluorochemical production

Thesb-sect or fl uorochemical prodpcodoaot cemssstenod
emi ssionso.

PFC emissions from fluorochemical production is a key source atdesessmentsingApproach 2 and at

trend assesment using both Approach 1Approach 2 with and without LULUCF; also HFC emissions is a
key source at trend assessment, only using Approadéth@ut LULUCF.

The production of halocarbons ands$#ok place in two facilities in Italy up to 2008 (Spinetta Marengo and
Porto Marghera)Since the very beginning of 2005 the plant in Spinetta Marengo has not been prodgcing SF
any longer. In the first quarter of 2008 the production plant at Porto Marghera has stopped its activity, since
then there is only one facility in Italy whefeCFC22is produced.

Within by-product emissions, HE23 emissionsare released from HCFC22 manufacture; @Rissions are
released from SFandHCFC22TFM productions, whereas;ks and HFC143a emissions are released from

the production of € (and also CFC115) andFC134a respectively. Bbduction of CFC115 wasarried

out onlyin one facility and stopped in 1998ince the very beginning of 2005 Spinetta Marengo plant has
not beerproducing SEany longer.

Production ofHFC125 HFC134a HFC227eaand Sk lead to fugitive emissions of the same gases. In
particular, production of HE227ea only occurred in 1999.

The share of fgas emissions from the fluorochemical production in thiomailt total of Fgasesvas 39.6 %

in the baseear (1990), an8.1% in 2018.

4.3.2 Methodological issues

Adipic acid

Italian production figures and emission estimates for adipic acid have been provided by the process operator
(Radici Chimica, several years)rfthe whole time serieEmissions estimates provided by the operator are
based on the IPCC default EF, so the values provided and the estimates in the Italian emissions inventory
are, basically, the result of the same methodology.

More specifically,N.O emissions from adipic acid production (category 2B3) have been estimated using the
default IPCC emission factor equal to 0.30 kgpHNkg adipic acid produced, from 1990 to 2003.

Since 2004 the operator has started to study how to introduce an abatertemt sjthough emission
estimates provided by the operator have still been based on the IPCC default emission facta (0.30
N20/kg adipic acid produced), the operating hours of the abatement system and the abatement rates have also
been included in thestimation proces3.he abatement system is generally run together with the adipic acid
production process. In 2004, theO\Ncatalytic decomposition abatement technology has been tested so that
the value of emission factor has been reduced taking intaaictee efficiency and the time, one month,

that the technology operated.

From the end of 2005 the abatement technology is fully operational; the average emission factor in 2006 is
equal to 0.05 kg pO/kg adipic acid produced and the abatement systerbdwtoperating continuously for

9 months; since 2007 the average emission factor has been 0.0®Kg Mdipic acid produced and the
operating time of the abatement system has been 11 months.

Technical improvements in operating the production processtladabatement system have allowed
achieving significant reduction inJ® emissions since 2009 (Radici Chimica, 2013): in 2010 the average
emission factor was 0.018 kg®Vkg adipic acid produced while in 202013 the average EF is around

0.005 kg NO/kg adipic acid produced with the abatement rate exceeding 98%.



In 2015 the average EF is around 098¢ N.O/kg adipic acid while in 2@Lis 0.0021 kg N,O/kg adipic
acid.

Thus, both for the period 19905 and from 2006 up to 2011 the estimates are prdvédcording to the

IPCC Good Practice Guidance (default EF has been used when no abatement system was operational;
abatement rates have been considered in estimating emission values sinc@ #0@erator reports also

under EPER/EPRTR both adipic acigroduction and the XD emissions related to this production; adipic
production and BD emissions have been also reported by the operator to the national competent authority
for the ETS (the facility was included in the ETS system in 2013) together vditioad! information such

as abatement rates and operating times. Since 2011 the implementation of a new monitoring system has
enabled also the reporting of bettprality emissions data in terms of nitrogen and nitrous oxides emissions.

Based on informizon from the national PRTR and ETS, EFs are calculated for the plant, the resulting value
is checked and verified by the formula included in the following box (based on the IPCC default EFs for
adipic acid production, abatement rate and operating tirtteeaibatement technology at the facility) the
formula he average emission factor is calculated subtracting from the default3P (@ N.O/kg adipic

acid produced) the default EF multiplied by the abatement technology rate anddpethagng time factor
parameters and resulting EF values are indicated for the years from 2005.to 2011

The EFs submitted for the adipic acid production in the CRF and the EFs calculated for the plant in the
following box are practically the sanadong those years.

N>O emission factors submitted vs calculations based on efficiency and utilization details

Parameter/Year 2005 2006 2007 2008 2009 2010 2011
EFp (IPCC default) 0.3 0.3 0.3 0.3 0.3 0.3 0.3
A 0.925 0.9212 0.965 0.986 0.986 0.986 0.986
T 0.14 0.8825 0.93 0.91 0.91 0.952 0.999
EFs (average EF) 0.26 0.056 0.031 0.031 0.031 0.019 0.005

Values resulting according to the following formula
(1-A*T)*EFp = EFs
Where:
A= Abatement rate provided by the operator
EFp= NO EmissionFactor for Adipic Acid production (kg #D /kg adipic acid prod)
T = operating time of the abatement system/ operating time of the adipic acid production line
EFs = NO actually released Emission Factor submitted (K@ Mleased/kg adipic acid prod)

CO, emissions from this source have been estimated according to the information communicated by the
operator.

Up tothe previous year submissiaihe estimatesvere calculated followinghe Tier 2 approach, since the
present submission and followingetERT recommendatiorduring the 2019 in country reviewlier 2 is
implemented up to 2012 estimates while Tier 3 is reported for the estimates related to the last part of the
timeseries (from 2013 onwards), because AD and &fissions reported by the operatortie framework

of the national ETS have been usktkasurements of plant specific information under the national ETS are
not available for the period 192D12, so Tier 3 cannot be implemented for the whole timeseuiete
consistency of the timeserigsnot affectedbecause there is only one operator for the national production of
adipic acid in Italy.

Ammonia

Ammonia production data are published in the international industrial statistical yearbooks (UN, several
years), national statistical yearbookSTAT, several yearfk]) and from 2002 they have been checked with
information reported in the national EPERPRTR registry. More in detailbbf 19901999 the amount of
ammonia produced was published onYédareb@iNséverhlndu st
years) while for the years 2000 and 2001 production indexes published by ISTAT were apiploed2002

national production of ammonia in Italy has been collected at facility |&ed. number of ammonia
facilities in Italy is knownalong the whole timeseries so it is possible to make sure that the national
emissions estimation from this source is consistent to the sum of emissions from the ammonia facilities.

Since 2009 only one facility has been producing ammonia in ltalyegaiting data to the national PRTR.
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Recovered Cohas been investigated with the cooperation of the operators and the resulting information has
been used to revise the whole £#nission time series and the emission factors. The analysis has allowed
undestanding that C®emissions recovered from ammonia production are used to produce urea and
technical gases. According to 2006 IPCC Guidelines the 1@€overed for technical gases should be
accounted for emission and included in the estimate while thardoucing urea should be reported in the
relevant consumption categories. In particular, for the years-280D, CQ emission factor has been
calculated on the basis of information reported by the production plants for 2002 and 2003 in the framework
of the national EPERAPRTR registry and considering also the amounts of @0overed since the
beginning of the recovery operatiol®0, reported to the national EPERARTRregistry has been used for

the previous yeamsnder the assumption, verified withet operator, that no change in technology at facilities
have occurred along the period (YARA, 2003)nce 2002, the average emission factors result from data
reported by the plants in the national EPERETR and calculatetdking in account the gas comsed for

the reforming process; the plant supplies recovered C{detailed data allowing thgroper application of

the IPCC methodology.

Because of pduction of Urea and Ammonia are separate processes, when they are carried out in the same
facility the CO; EF for Ammonia production, according to the IPCC 2006 Slhased on the amount of

CO; released from the production of ammonia, the amount of rf€&vered and sold as technical gas and

the amount of ammonia produced. The recovery of CO2 fed to Urea production, instead, has to be subtracted
in the calculation of the EF. The resulting £EF could vary according to the decision of the operators in
terms of increase/decrease of £O@covered to be sold as technigas or fed to Urea productiofror
examplein 20132015 the amounts of G@ed to Urea production and the amount of @@ technical gas
decreased, consequently the overall amount of r€l@ased fsm ammonia production increasedoreover

the fluctuation of ammonia manufactured in the same years has to be considered: production of ammonia
increased from in 2014 then it fell in 2015 while in 2016 the amount produced was close to 2013 level

The following box shows the time series for the averageddission factor.

Ammonia production, time series for the average EP (t CO/t ammonia production)

AMMONIA 1990

PRODUCTION 2001 2002 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018
EF (t CO2/t ammonia

production) 1.30 1.34 132 127 118 108 116 1.17 125 1.14 1.09 1.11

Following the ERT recommendation of ti2019in country review Italy has started to investigate the
differences between apparent consumption of urea and the final uses of urea at national level.

Apparent consumption can be calculated starting from the production, import and export of urea at national
level, accordig to the equation P4E=apparent consumption (where: P is production; | means imports and E
are the exports). The total amount of urea manufactured is supplied by the operator, while the amounts
referring to import and exports can be obtained from thematinstitute of statistics dataset regarding the
statistics about the foreign commercial exchange (COEWEB, ISTAT, several years).

The operator of the facility producing ammonia and urea has provided us with the final markets of urea in
Italy and an estnation of those market shares in 2017: SCR engines (7.6%); NOx abatement systems
(2. 8%) ; | ndunsgtlruye & Aa nnddlufisid rgyu 465 L %) and fertilizer
The indicated final uses can be divided into emissive sources (SCR engines; N@xeabatestems and
Fertilizers) and non emissive sources (indugtne and industno glue). The emissive sources already
included in the national inventory are the same as those indicated by YARA, so as far as urea uses are
concerned, the completenesstbé inventory is verified. Further investigations and discussion with the
operator are needed concerning the market shares of the individual final uses.

Natural gas is used as feedstock in the ammonia production plants and the amount of fuel useddsrinclud

the energy balance under the energy final consumption sector (see Annex 5), therefouble counting

does not occur.

Nitric acid

With regard to nitric acid production (2B2), production figures at national level are published in the national
statistical yearbooks (ISTAT, several yepal, while at plant level they have been collected from industry
(Norsk Hydro, several years; YARAgveral years; Radici Chimica, several years). The number of nitric
acid facilities in Italy is known along the whole timeseries so it is possible to make sure that the national
emissions estimation from this source is consistent to the sum of emigsionthé nitric acid facilities. In
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1990 there were seven production plants in Italy; three of them closed between 1992 and 1995, and another
one closed in 2004, one more closedown in 2008 has left two plants still operating.

The NO average emission faxs are calculated from 1990 on the basis of the emission factors provided by
the existing production plants in the national EPERFETR registry, applied for the whole time series, and
default IPCC emission factors for low and medium pressure plantsugtti to the plants, now closed,

where it was not possible to collect detailed information. Thu®, &missions are estimated at plant level

also considering the operating unit level, if necessary. Activity data have been collected at plant level for the
whole time seriedJnit specific default IPCC EFs have been used for plants closed in the nineties because it
was not possible to collect more detailed informatieor. the other plants, data supplied in the framework of

the EPER/EPRTR registry have beerdidor the years 1992000 EFs at unit level have been calculated as

an average of 2062004 data provided by operators in the EPER/EPRTR register. For the yeai202@01
EPRTR data were used to calculate the national EF; in the present submissiorDi®ronvards the

activity data and the emissions reported under ETS have been used thus moving from a Tier 2 approach to a
Tier 3 approach as requested by the ERTing the last ircountry review Tier 3 cannot be implemented

along the whole timeseriesl@ec s e t he nitric acid facilities ente
enough information available to support a Tier 3 for years before AWE3implementation of different

Tiers along the timeseries does not affect the consistency of thestiesebecause thewse only two

operators for the national production of nitric acid in Italy both reporting the same AD under the national
EPRTR and ETS registers.

Nitric acid production, time series for the averaggONEF (kgNO/t nitric acid productim)

NITRIC ACID
NTRICACID, 1990 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
EF(kgNOMg o /g 708 220 294 121 132 111 086 040 031 039 049 042
nitric acid)

Relevam reductions in NO emissions have been observed sir2@8. Specifically, in 2008 the
implementation of catalystX) abatement technology in one of the major production plants (i.e. in one unit
of that plant) has led to a significant decrease in totdD Mmissions from nitric acid production,
consequently a relevant reduction in the IEF can be observe(Y&RA, several years): the implied
emission factofor 2008 is in fact 2.29 kg XD/Mg nitric acid production (the abatement rate in one plant
was 82% e far); in 2010 the implied emission factor is 1.21 kMg nitric acid production and in 2018 it

is 0.2 kg N.O/Mg nitric acid; the relevant decrease is due to the installation of the abatement technology in
the other unit of the same producifagility (YARA, several yeajsand to the technical improvements
implemented in 2011 as far as monitoringeaiissions is concerned at the second nitric acid facility (Radici
Chimica, 2013).Sampling circumstances at the facility may affect the reportgd &mission values:
sampling in times very close to catalyst exhaustion generally leads to highecddcentation in the
process flue gases, this seems to have occurrecd@ehissions in 2011 according to the operator (Radici
Chimica,several yeals

Caprolactame
N.O emissions from caprolactame have been estimated on the basis of information supplieshlyypihat

present in Italy, production activity data published by ISTAT (ISTAT, several yaarand production and
emission data reported in the national EPERRITR registryFor the years 2002 and 2003 activity data and
emissions were reported byetloperators to the national EPER register. For 22811 no facility level
specific information was available for the inventory team, only the amount of caprolactame manufactured in
Italy was known. Based on the 2002 emission factor and after discussiotheitechnical expert at the
facility an emission factor equal 3 kg NO/Mg caprolactame productiomas assumed for 199D01.

The plant closed in 2003.

Carbon Black

CO, and CH emissions from carbon black production process have ésenated with a Tier 2 approach

and plant specific data. Plant specific information (AD and emissions) has been supplied by the Italian
production facilities in the framework of the national EPERMETR registry and the European emissions
trading schemdptal AD and total emissions allow for calculating the EFs values to be used in the estimation
process.
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In 1996 a change in the production technology in the existing plants caused a reductian NM&C,
NOx, SQ and PMg emissions. As for CHemissions,in the present submissid®006 IPCC Guidelines
default value for Cklemission facto(manufacturing process with thermal treatment) has been apptied
this category and considered for the years since 1996 due to the performance of adgiitip@al
procedures (specifically, the results of the technical review in the framewoActiofe 19(1) of the
European RegulatioNo 525/2013. The following box include the values of the implied emission factor for
CO; (t COy/t carbon black production) fre 2005 to 2018.

Carbon black production, time series for the average EP (t COy/t carbon black production)

CARBON BLACK
SARBON U 2005 2006 2007 2008 2009 2010 2012 2013 2014 2015 2016 2017 2018
EFb(lta(C:SjtcarbO“ 256 257 251 259 249 248 245 246 232 224 225 235 224

Ethylene, Ethylene oxide, Propylene, Styrene

Ethylene, ethylene oxide, propylene and styrene productions belong to the organic chemical processes,
which are source of methane emissions.

For ethylene activity data have been provided by the Italian producers, specifically: feRA®EObY the

sectoral industrial association (Unione Petrolifera, several years) and since 2002 by the manufacturing
companies (Syndial, several years; PolimenidpdVersalis several years). For ethilene oxide activity data

have been provided by the manufacturing company for the whole timeseries (Enichem, several years); this
producti on stopped i n 2001. Propyl ene ndustriblu c t i ©
Commodity Statistics Year book 0-1994pd\ce 1996 datarhavé begne a r ¢
provided by the manufacturing companies (Enichem, several years; Syndial, several years; Polimeri
EuropdVersalis several years). Regardingy&ne, for the years 1990994, UN international statistics have

been used (UN, several years). From 1995 the amount of styrene is supplied every year to the inventory team
by the Italian producer at plant level (Enichem, several years; Polimeri Bdergalis several years).

For ethylene and propylene production, {&thission factor is calculated, for the whole time series, on the
basis of the EPRTR data submitted by the plants. In the framework of-B&TR registry, facilities
manufacturing ethylenailtaly reported activity data and emissions following thRRETR classification. In
particular, for these plants, Gldmissions, for these productions, were below the reporting threshold (which

for methane is set to 100 t/year). Assuming that emissiopadf plants were equal to the maximum value
(threshold), 100 t/year, the emission factor resulted in 0.085 kg/t; this value has been used along the whole
timeseries.

For Styrene Chemissions, no specific information concerning the years-199d was avible, so the
EMEP/CORINAIR default emission factor (EMEP/EEA, 2007) has been applied (0.025 kg/t equal to 10% of
total VOC emissions). Based on the information included in the Environmental Reports by the Italian
producer (Enichem, several years), andficmed by the operators, Glemissions did not occur from 1995.
Methane emission factor for ethylene oxide production used for the whole timeserie2(D390s equal to

6.841 kg/t as supplied by the air and waste management association (APEM, 1992).

Titanium dioxide

Titanium dioxide (TiQ) is one of the most widely used white pigments with the main application in paint
manufacture and in other relevant sectors of the manufcaturing industry (e.g. plastic industry). Two main
production routes are avdild e : the chloride rout e, which has bo
the sulphate process, whose emissions are only related to the combustion of fuels. The sulphati process
facts, involves the use of sulphuric acid to treat the raw materidl @tain the final product (Ti€)
according to the following chemical reactions:

FeTiO; + 2H,S0, — FeSO, + Ti0.SO, + 2H,0
TlDSO;‘_ - 3H30 — TIGlH]G - H:SO;‘
T10:H-0 + heat — T10, + H,O

In Italy there is only one facility where titanium dioxide production occurs. Emissions are estimated
according to thdier 2 approachandplant $ecific data are used to develop the estimates. The plant operator
supplies the amount of Ti@roduced and #hemissions levels, so the average EF can be calculated and used
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for the inventory purposedictivity data and emissions are provided by the framework ofEfARTR
register The data are supplieth compliance with the methodologies indicated in the EPStRdance
Document (and to the national PRTR guidance).

The facility concerneds also in the scope @he environmental permitting procestsie competent authorities

set a control and monitoring plan (stating which parameters and how to ntbaitdy the operators have to
comply with the plan and the information resulting from the data collection for the plan are also used for the
reporting to EPRTR. IPCC methodgles are referenced within thaiidance documents as part of the
methodologies to measurel@alate/estimate the information to the EPRTiormation related only to the

boiler activity is reported to the EETS.

Additional information concerning the type of production route implemented at the facility has been required

in order to make sure &ny double counting occurs in @6stimation process. If only the sulphate process is

in place at the facility, in the next submission the timeseries for Q@er 2B6 will be replaced by the
notation key HANAO in the CRFO6thelcaadet dt hpC@®ud pha
emissions from fuels combustion in titatium dioxide production by sulphate process occur but they have to
be accounted for under the AEnergyo sector.

Calcium carbide

CO; emissions from calcium carbide production process @se have been estimated on the basis of the
activity data provided by the sole Italian producer/retdlZXRBITALIA SPA, 2019). Activity data relating

to the manufacture of calcium carbide are referred to the years from 1990 to 1995 when the production
stopped; activity data concerning the use of calcium carbide have been provided for the whole timeseries too.
The default IPCC C@®emission factors (IPCC, 2006) have been used to estimate the emissions from
manufacture and use along the whole timeseries.

Soda ash

CO; emissions from soda ash production have been estimated on account of information available about the
Solvay process (Solvay, 2003), which is the technology applied for the production of soda ash in Italy,
whereas those from soda ash usdrarieided in glass production.

Soda ash production has been carried out at one facility in Italy; the facility is included in the scope of the
national EPER/PRTR so the information concerning activity data and emissions of this facility has been
made availble for the years from 2002 up to now. For 2901 the amount of soda ash produced was
published on the UN fAlndustri al Commodity Statist
The CO; emission factor for those years is based on the estimation proces€Gd@emissions inventory

of Spain andon the information that Solvay has made available to the Spanish inventory team for a plant
with the same technology as the Italian one. Since 2002 the emission factor is based on the data reported
yearly by the Italiaroperator under the national EPER/PRTR and under ETS (preliminary data for years
20052009 and official data since 2013).

Fluorochemical production

For both source categorigBy-pr oduct emi ssionsod6 and AFugitive em
used based on plardevel data. The communication is supplied annually by the only national producer, and
includes productions, emissions, import and export data for each gas (Solvay, several years). In particular,
the operator of the only producing facilltas been reporting GEmissions to the national PRTR register for

four years since 2007. GFemissionsrepresent additional by product emissions together with HFC23
emissions (those being well referenced instead). The operator supplied all the relrardtion for a

better understanding of the activities taking place at the site of Spinetta Marengo and to help the inventory
team to allocate GFemissions from HCFC22 production properly. The industrial site of Spinetta Merengo
hosts not only Solvay butlso other Companies and is in the scope of EPRTR, IPPC permitting procedure
and Seveso European Legislation. At the facility the monitoring system has 27 devices to perform gas
chromatography analysis and about 540 monitoring points at the site. Thengeswnitoring data flow,

which regard other pollutants, is sent via web to the regional agency for the environmental protection (ARPA
Piemonte).

In particular the operator explained that HCFC22 production has been carried out in Spinetta Marengo since
650s and up to 1990 part of HCFC22 was probably a
all the HCFC22 produced has been the input for the TiEeMafluoroethylene monomer) production process

(by pyrolisis of HCFC22 at 600 °C), the TFM has been then used to produce TFE (tetrafluoroethiAgne, C
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and PTFE (polytetrafluoroethylene), HFP (hexafluoropropylene) and the other different fluoropolghers a
fluoroelastomers. All the fluorinated flue gases from the different production lines are collected and treated
in a centralized abatement unit (thermal oxidation system), specifically designed for the Spinetta Marengo
plant, working at a temperature d00 °C with a residence time of the gases minor of 2 seconds. The
abatement unit is run continuously and allows reducikggé$-emissions not depending on the operating level

of the main production process. In the treated flue gasesGEll present (6% of Ck released to air pass
through the abatement system untreated for thermodynamic reasons; 35%refe@$ed to air is formed
during the reactions occurring in the abatement unit). Estimations,araiBsions released to air have been
then reportd to the national PRTR since 2007. The operator has provided the time series for the activity data
from 2002 to 2010 (HCFC22 and TFM), since the activity data for the years before 2002 are not retrievable
(the property of the facility has changed over ylears before 2002 and the administrative systems and
softwares have also been changed many times); in order to complete the activity data time series for the
period 19962001 a linear increasing production level was assumed from 1990 to T®2atio rehting

TFM production to HCF+C22 production in 2002 has been taken also over the years 2001 back to 1990 to
estimate the TFM productions. £€&mission factor for 2007 was set constant in order to estimate the CF
time series over the years from 1990 to @00F; emissions time series have been then included in the
estimates under the CRF category 2.B.9.a.Xdi@®yuct emissions from production of HCFC22).

In order to provide detailed information on the methodology applied for this cate@Bryemissions
estimation from HCFC22 can be summarised as follows:

1) For the years 2002010 byproduct Ck emissions from HCFC22 production has been supplied by
the operator (through the national PRTR). Based on data reported to the national PRTR since 2007
ard the activity data concerning HCFC production, the TFM/HCFC22 ratio along the timeseries, the
EF for byproduct Ck emission has been calculated.

2) CF4 EF (by-product emissions from HCFC22 production) for 2007 has been set as default value for
the period 190-2006 in order to estimate fpyroduct Ck emissions consistently along the whole
time series.

3) Activity data for the facilities are available for the years 28020, so the missing activity data were
estimated based on the HCFC22 production capacittheffacility in 1990 and 2002 HCFC22
production figure assuming a linear increasing production lewvblthin the years. The
TFM/HCFC22 ratio for 2002 was assumed as a default ratio to estimate TFM production
consistently from 1990 and 2002.

4) By product CEk emissions were estimated by applying the EF derived in point 2) to the TFM
production levels along the years 198102

HFC23 is a by product of the HCFC22 production process, the HFC23/HCFC22 rate is about 3%. The
abatement system, as previously mentigratidws for treating all the fluorinated flue gases, vented gases
originated in the processes at the facilty before being released to air. Since 1989 the abatement system has
allowed to reduce HFC23 released to air, up to 1996 HFC23 emissions had batedCatip. In 1996 the
abatement system was improved with a second operating unit, since 1996 the abatement rate has been
99.99% thus reducing drastically HFC23 emissions close to zero. The operator communicated that for a
HCFC22 production of 30,000 tondFC23 theorical residual emissions are less than 100 kg; a monitoring
analysis has measured about 10 kg of F3Gn one year (Spinetta Marengo, 2011).

C.Fs and HFC143a emissions are released from the productiogFef{@hd also CFC115) and HFC134a,
regectively. Fluorochemical were produced in one plant (Porto Marghera) and progressively stopped in the
last years. More in detailssE (and also CFC115) production stopped in 1998 while HFC134a production
stopped in 2007. Data production and emissionréigthave been provided by the company (Solvay Fluor,
several years).

Production of HFE125, HFG134a, HFC227ea and SHead to fugitive emissions of the same gases. In
particular, production of HFQ27ea only occurred in 1999. Emissions figures have besmunicated by

the operatorfolvay Fluor, several years).

4.3.3 Uncertainty and timeseries consistency

The uncertainty in BO emissions from adipic and nitric acid and caprolactame production and.in CO
emissions from ammonia and for other chemical prodocis estimated by 10.4%, for each activity, as
combination of uncertainties related to activity data (3%) and emission factors (10%).

Uncertainty level for activity data is an expert judgement, taking into account the basic source of
information, while tle uncertainty level for emission factors is equal to the level reported in the IPCC Good
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Practice Guidance (IPCC, 2000) for the adipic and nitric aeld &missions and for G@missions from
other industrial processes.

The uncertainty in fgas emissions from fluorocarbons production is estimated to b2%60n annual
emissions, 5% and 50% concerning respectively activity data and emission factors.

In Tables 4.4 and 4.5, the production of chemical industry, includingkeprsources, and emissitnends

are reportedAn overview of the emissions per compound from fluorochemical production is given for the
19902018 period.

In general, total emission trends for all the chemical productions have been affediadtusions in
productionsalong thetimeseries (and by reductions in productiangr the years 2062009 except for
adipic acid and titanium dioxide activity data), whenever abatement technologies (e.g. nitric acid since 2008)
or closures of plants cannot be regarded to as the species#or the decreasing emissions2@i2an
increase irmmmonia and soda aphoductiors determined an increase in £€nissions estimates compared

to previous year.

Table 4.4 Production of chemical industry, 1990 2018 (Gg)

ACTIVITY DATA 199C 199t 200C 200t 201C 201t 201€ 2017 201¢
(Go)
2B.1- Ammonia 1,45¢ 592 414 607 505 39€ 564 587 611
2B.2- Nitric acid 1,037 588 55€ 572 417 39C 426 437 447
2B.3- Adipic acid 49 64 71 75 85 82 83 87 86
2B.4- Caprolactame 12C 12C 111 - - - - - -
2B.5- Calcium carbide production 12 7 7 7 6 4 4 4 4
2B.6- Titanium dioxide 58 69 72 60 70 60 61 68 63
2B.7- Soda ash production and use 61C 1,07C 1,00C 915 620 88C 916 93t 90¢
2B.8b- Ethylene 146€ 1,807 1,771 1,721 1,551 1187 125z 1191 126¢
2B.8d- Ethylene oxide 61 54 13 - - - - - -
2B.8f- Carbon black 184 208 221 214 205 205 212 22C 228
2B.8g- Styrene 36E 484 613 520 524 547 512 47¢ 545
2B.8g.i- Propylene 774 6923 69C 1,037 880 63C 643 61€ 658
2B.91 HCFC 22 production. 20 23 26 27 21 26 24 25 32

Table 4.5 CQ, CH4 and N2O emissions from chemical industry, 1990° 2018 (Gg) and HFCs, PFCs per
compound 1990 2018 (Gg CQ eq.)

EMISSIONS 199( 199t 200( 200¢ 201C¢ 201¢ 201¢ 2017 201¢
CO2(Gg)

Ammonia 1,891.5! 769.6( 537.9: 802.2¢ 639.7. 495 .5 642.7: 64241 678.7¢
Calcium carbide 26.2¢ 14.2¢ 7.7C 8.01 6.6% 4.5¢ 4.57 4.7C 4.8¢
Carbon black 422.0¢ 477 .4¢ 508.8: 548.2: 510.3¢ 462.3¢ 496.9¢ 49476 542.0¢
Titanium dioxide 52.8( 48.11 64.7( 62.01 72.3¢ 36.3: 35.6( 3824 37.3(
Adipic acid 1.3¢ 1.72 1.9¢ 1.5 1.7€ 1.82 1.8¢ 1.93 1.9z

Soda ash production and use 183.0C 321.0( 300.0¢ 275.0C 203.3: 255.3t 281.7¢ 29120 346.0f

CHa(Gg)

Carbon black 1.8¢ 2.0¢ 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ethylene 0.12 0.1¢ 0.1¢ 0.1¢ 0.1z 0.1cC 0.1cC 0.1c 0.11
Propylene 0.07 0.0¢ 0.0¢ 0.0¢ 0.07 0.0t 0.06 0.0t 0.0¢
Styrene 0.01 - - - - - - -

Ethylene oxide 0.4z 0.37 0.0¢ - - - - -

N20 (Gg)

Nitric acid 6.7: 4.22 4.0¢ 5.44 0.51 0.1z 0.17 0.21 0.1¢
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EMISSIONS 199( 199t 200( 200t 201C 201t 201¢ 2017 201¢

Adipic acid 1477 19.0¢  21.4;  19.5¢ 1.5¢ 0.37 0.22 0.25 0.21
Caprolactame 0.04 0.04 0.0z

Gg COz eq.

HFC 23 4440C  4440C 125 1.30 101 1.26 118 1.23 155
HFC 143a 00C 2682 447 4.92 0.00 0.00 0.00 0.00 0.00
CF4 88292 99262 99147 154742 130064 155190 1,49278 119238 151126
PFC C2+C3 (C2F6) 488C  488C 0.0C 0.00 0.00 0.00 0.00 0.00 0.00
lﬁfg'sion':gas by produt ;57575 151224  9971¢ 155364 1,30165 155316 149396 119361 1,51281
HFC 125 00C  350C 3.5 4.20 0.00 0.00 0.00 0.00 0.00
HFC 134a 00C  429C 171€ 1387 0.00 0.00 0.00 0.00 0.00
HFC 227ea 0.0C 0.0C 0.0C 0.00 0.00 0.00 0.00 0.00 0.00
Sk 1140C  1140C 0.0C 0.00 0.00 0.00 0.00 0.00 0.00

Total F-gas fugitive emissions ~ 1140C  1919C 20.6€ 18.07 0.00 0.00 0.00 0.00 0.00

Total F-gas emissions from 4 yaq25 170414 101785 157171 130165 155316 149396 119361 151281
florochemical production

HFC23 emissions from HCFC22 hbaden drastically reduced since 1996 due to the installation of a second
thermal oxidation system in the facility located in Spinetta Marengo (the only facility currently producing
HCFC22 in Italy). Productions and emissions from 1990 to 1995 are cornstampglied by industry; from

1996, untreated leaks have been collected and sent to the thermal oxidation system, thus allowing reduction
of emissions under 100 kg (E.F. 3.3 g of HFC23/t of HCFC22). l§yfproduct emissions in HCFC22
production process haween fully investigated, information supplied by the operator has allowed estimating
emissions for the whole time series.

This information about productions and emissions is yearly directly updated by the producer, and it is also
reported in the framewkirof the national PRTR register, confirming that the technology is fully operating.

PFC (GFs) by-product emissions and Skigitive emissions were constant from 1990 to 1995 (4 t/\{CiB
emissions; 5 t/y for SFemissions) and from 1996 to 1998 (1 t/y foF€emissions; 2 t/y for SFemissions)

and have eventually reduced to zero since 1999 due to the stop of the CFC115 production in one facility and
the upgrade of the thermal oxidation system mentioned ababe iother facility. Besides, $Broduction

has stopped since th& df January 2005.

Regarding fugitive emissions, emissions of HFC125 and HFC134a have been cut in 1999 thanks to a
rationalisation in the new production facility located in Porto Mamghethereas HFC143 released as by
products from the production of HFC134a has been recovered and commercialised. The relevant productions
in Italy which originate these fugitive emissions stopped in the first quarter of 2008.

4.3.4 Sourcespecific QA/QC and véfication

Emissions from adipic acid, nitric acid, ammonia and other chemical industry production have been checked
with the relevant process operators and with data reported to the national BFFERRE egistry. Emissions

and activity data for adipic ai nitric acid and ammonia productions have dsen checked against the
relevant information reported by operator to the national competent authority for the ETS, the resulting
consistency of both emissions and activity data for those sectors is theneudtthis controlln addition to

this, in the present submission activity data for Nitric Acid and Adipic Acid from ETS have been used to
update the timeseries from 2013 onwards in order to support the application of Tier 3 an€C®O
emissions egmates Additional QA/QC was performed on the inventory of &d CH emissions from the
production of carbon black (Aether Itd, 2013) thus leading to the improvements of the emissions estimate in
2014 submissiorCH4 emissions from carbon black manufagtgrhave been revised in thast submissions,

from 1996 onwards, as an outcome of the technical expert review performed at EU level in the framework of
the internal EU inventory review process.

As requested by the ERinvestigations concerning the finakes of urea in Italy and the amount of urea
used in the inventory against the apparent consumption are ongoing.



Emissions from fluorochemical production have been checked with data reported to the national EPER/E
PRTR registry. ClFemissions have been thaccounted for along the whole time series for category 2B9

4.3.5 Sourcespecific recalculations

Negligible recalculations occurrédr the productios of Nitric acid and Adipic acid becausé the updating

of activity datafor the years from 2018nwards (ETS activity data have been used to support the application

of T3 to CO2 and N20 emissions estimate from those sources). In the case of Calcium carbide minor
recalculation occurred for 2017 because of the update of the activity data communycétedniational
operator

2013 2014 2015 2016 2017
COo2
Calcium carbide - - - - 0.03
Adipic acid - 0.00 - - -
N20
Nitric acid 0.00 0.01 -0.00 0.00 -0.00
Adipic acid - - -0.00 - -

4.3.6 Sourcespecific plannedmprovements

A detailed balance of the natural gas reported in the energy balance, as no energy fuel consumption, and the
fuel used for the production processes in the petrochemical sector is planned.

Further investigations about final market shares e&un Italy are planned in order to check the amount of

urea used in the inventory against the apparent consumption in Italy.

4.4  Metal production (2C)

4.4.1 Source category description

The subsector metal production comprises five sources: iron and teduction, ferroalloys production,
aluminium production, magnesium foundries and zinc/lead production;e@@sions from iron and steel
production are key sources at trend assessment with the Tierl for 2018 with and without LULUCF; PFC
emissions from alminium production are key sources only at trend assessment, whereas in the base year
PFC emissions were key sources also at level assessment excluding LULUCF.

In 2018, the share of COemissions from metal production accounts for 0.5% of the nationdlGQa
emissions, and110% of the total C&from industrial processes.

The share of CHemissions is, in 2@l equal to 0.09% of the national total £emissions while pD
emissions do not occur.

The share of fgas emissions from metal production out @ tiational total fgas levels was2.5% inthe
baseyear and has decreasedt66% in the year 208

Iron and steel

The main processes involved in iron and steel production are those related to sinter and blast furnace plants,
to basic oxygen and electric furnaces.

The sintering process is a greatment step in the production of iron where fine particles of metslavee
agglomerated. Agglomeration of the fine particles is necessary to increase the passageway for the gases
during the blast furnace process and to improve physical features of the blast furnace burden. Coke and a
mixture of sinter, lump ore and fluxeseaintroduced into the blast furnace. In the furnace the iron ore is
increasingly reduced and liquid iron and slag are collected at the bottom of the furnace, from where they are
tapped. The combustion of coke provides both the carbon monoxide (CO) feethel reduction of iron

oxide into iron and the additional heat needed to melt the iron and impurities.
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The resulting material, pig iron (and also scrap), is transformed into steel in subsequent furnaces which may
be a basic oxygen furnace (BOF) or élecarc furnace (EAF).

Oxygen steelmaking allows the oxidation of undesirable impurities contained in the metallic feedstock by
blowing pure oxygen. The main elements thus converted into oxides are carbon, silicon, manganese,
phosphorus and sulphur.

In an electric arc furnace steel is produced from polluted scrap. The scrap is mainly produced by cars
shredding and does not have a constant quality, but the recent stringent legislation and the adoption of BAT
(Best Available Techniques) in scrap managemiémivaan input with better product characteristics.

The iron and steel cycle is closed by rolling mills with production of long products, flat products and pipes.

In 1990, there were six integrated iron and steel plants in Italy. In 2014, there werkrealpftthe above
mentioned plants, one of which lacking sintering facilities and another one not equipped with a BOF. Since
2015 there are only two plants because the plant without sinter production has been closed. In 2018, oxygen
steel production repreats aboul8.4% of the total production and the arc furnace steel the remaiep
(FEDERACCIAI, several years).

Currently, long products represent abd@¥% of steel production in Italy, flat products abd@®% and pipes

the remainingl2%. In 208 long production has been equal 8.4 Tg with an increase o#.1% over the
previous yeambut still below 25.8%6 compared to 2008; flat production has been equallid Tg with a
decreasef 1.6% on the previous yeand of 20.26 compared to 2008 levellost of the flat production

derives from one only integrated iron and steel plant, while in steel plants equipped with electric ovens,
almost all located in the northern regions, long products are progueddminantly(e.g. carbon steel,
stainless steels) arsg@amless pipes (only one plant) (FEDERACCIAI, several years).

CO; emissions from steel production refer to carbonates used in basic oxygen furnaces and crude iron,
carbonatescoalsand electrodes in electric arc furnaces..@@issions from pig iron prattion refer to
carbonates used in sinter and pig iron productior: €flssions from iron and steel production due to the

fuel consumption in combustion processes are estimated and reported in the energy sector (1A2a) to avoid
double counting.

CH, emissims from steel production refer to blast furnace charging, basic oxygen furnace, electric furnaces
and rolling mills. CH emissions from coke production are fugitive emissions during solid fuel
transformation and have been reported under 1B1b category @Hilemissions from the combustion of

fuels are allocated in the energy sector.

Ferroalloys
Ferroalloy is the term used to describe concentrated alloys of iron and one or more metals such as silicon,

manganese, chromium, molybdenum, vanadiumtangsten. Usually alloy formation occurs in electric arc
furnaces (EAF) and CQemissions occur during oxidation of carbon still present in coke and because of
consumption of the graphite electrodes.

In early nineties there were 13 plants producing varidnds of ferroalloys: FeCr, FeMn, FeSi, SiMn; Si

metal and other particular alloys, but since 2001 the production has been carried on only in one plant
(ISPESL, 2005). Théast remaining plant in Italy produces mainly femanganese and silicananganese

alloys but in 2015 the facility did not work.

Aluminium
From primary aluminium production G@nd PFCs (CFand GFs) are emitted. PFCs are formed during a
phenomenon known as the O6anode effectd, when al um

In 1990 primary aluminium puction in Italy was carried out in 5 sites where different technologies were
implemented:

Fusina: Point Fed Prebake and Side Work Prebake (up to 1995);
Portovesme: Point Fed Prebake and Side Work Prebake (up to 1990);
Bolzano: Vertical Stu&oderberg;

Fusina 2 and Porto Marghera: Side Work Prebake.

= =4 =8 =9

Since then the implemented technology has been upgraded from Side Work Prebake to Point Fed Prebake;
while three old plants stopped the operations in 1991 (Bolzano) and in 1992 (Fusina 2 aibRyvara).
Since 2000 Alcoa has replaced ENIRISORSE in operating the plants.
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Up to 2010, two primary aluminium production plants, which use a prebake technology with point feeding,
characterised by low emissions, have operated. Only one plant, loc&eddonesme, was operating until
2012 (99.5 kt of primary aluminium). In 1990, primary aluminium production was 232 R@18the plant

did not produce primary aluminiunThe plant is stopped but not dismantled. If economic conditions will
occur, the prirary aluminium production could start again.

Magnesium foundries

In the magnesium foundries, &B used as a cover gas to prevent oxidation of molten magnesium. In Italy
there is only one plant, located in therth, which started its activity in Septemid©95.

Since the end of 2007, Skas been replaced by HFC125, due to the enforcement of fluorinated gases
regulations (EC, 2008;E, 2014) which, however, allofor the use of Sfin annual amounts less than 1

Mg. HFC125 emissions also occured and, ih@ahey were equal to 605 kg. Since 2011 HFC125 has been
replaced by HFC134%(801kg of emissionsn 2018).

Zinc production
Since 1998, in Italy there is just an integrated plant for the zinc and lead production which cover the entire

production of zinc and of primary lead. In 2013, this plant began to submit data in the framework of ETS
reporting data subdivided in combustion and process emissions; consecueantiyey has been started to
investigate time series for process emissi@ssilting in CQ emissions from 1990 to 2018. g@missions

are referred both to zinc and lead production.

4.4.2 Methodological issues

CO; and CH emissions from the sector have been estimated on the basis of activity data published in the
national statistial yearbooks (ISTAT, several yeddl), data reportedn the framework of the national
EPER/EPRTR registry and the European Emissions Trading Schemd, supplied by industry
(FEDERACCIAI, several years; ALCOA, several years). Emission factors repartédei EMEP/EEA
Guidebook (EMEP/EEA, 2009), in sectoral studies (APAT, 2003; CTN/ACE, 2000) or supplied directly by
industry (FEDERACCIAI, 2004; ALCOA, 2004; ltalghisa, 2011) have been used.

Iron and steel

CO; emissions from iron and steel production rdfethe carbonates used in sinter plants, in blast furnaces
and in steel making plants to remove impurities; they are also related to the steel and pig iron scraps,
carbonates;oalsand graphite electrodes consumed in electric arc furnaces.

Basic informaibn for this sector derives from different sources in the period-2998.

Activity data are supplied by official statistics published in the national statistics yearbook (ISTAT, several
years[a]) and by the sectoral industrial association (FEDERACCiAVeral years).

For the integrated plants, emission and production data have been communicated by the two largest plants
for the years 1992995 in the framework of the CORINAIR emission inventory, distinguished by sinter,
blast furnace and BOF, and mpmbustion and processes emissions. From 2000, ébd@issions and
production data have been supplied by all the plants in the framework of the ETS scheme, for the years
20002004 disaggregated for sinter, blast furnace and BOF plants, from 2005 spedafyiagates and fuels
consumption and related G@missions. For 2062018 data have also been supplied by all the integrated

iron and steel plants in the framework of the European ERPR/ER registry not distinguished for
combustion and processes. Qualmtinformation and documentation available on the plants allowed
reconstructing their history including closures or modifications of part of the plants; additional qualitative
information regarding the plants collected and checked for other environnssoes or directly asked to the

plant permitted to individuate the main driving of the emission trends for pig iron and steel productions.
Finally, since 201y nati onal experts have also been invol ve
andcomt r ol plano for the | argest i ntegr adlosidgothérant i
terms of comparison and verification

Time series of carbonates usedasic oxygen furnaces have been reconstructed on the basis of the above
mentioned information resulting in no emissions in the last years. Inciabionates have been substituted

by autoproduced lime avoiding G@missions. Indeeds regards the largdsalian producer of pig iron and

steel, lime production has increased significantly from 2000 to 2008 by about 250,000 over 410,000 tonnes
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and the amount introduced in basic oxygen furnaces was, in 2004, about 480/889 (ILVA, 2006)In

2009 lime prduction, for the same plant, is equal to 216,000 tonnes but also steel production has sharply
decreasedbecause of the economic recessionthe following years lime production increased again up to
390,000 but in the last years it decreabedause thelgnt went into receveirshifemissions from lime
production in steel making industries are reported in 1.A.2 Manufacturing Industries and Construction
categoryand in 2.A Mineral production respectively for the combustion and processes emissions

Concernimg the electric arc furnaces, additional information on the consumption of scraps, pig iron, graphite
and electrodes and their average carbon content has been supplied together with the steel production by
industry for a typical plant in 2004 (FEDERACCIAP04) and checked with other sectoral study (APAT,
2003). On the basis of these figures an average emission factor has been calculated and applied for the period
1990- 2003.Since 2004, the same schemetasprevious period has been followed but usirtg Bacoming

from ETS and related to the amounts of pig iron, metallurgical coke, graphite, anthracite, dolomite,
limestone and electrodes foB Blants in2018. The availability of data for each plant has allowed also the
application, for a first attemptf the Tier 3 methodology (IPCC, 2006) that demonstrtedsoundness of
estimates.

On account of the amount of carbonates estimated in sinter plants, average emission factor was equal in 1990
to 0.15t COyt pig iron production, while in 2018 it reduceéd 0.08t CQOy/t pig iron production.The
reduction is driven by the increase in the use of lime instead of carbonates in sinter and blast furnaces in the
Italian plants.Emissions are reported under pig iron because thegraitted as C®in the blast furnaces
producing pig iron.

COzaverage emission factor in basic oxygen furnaces results in 1990 equal to ©@#Ssteel production,

while from 2003 is null.

CO; avelmge emission factor in electric arc furnaces, equal to 0t036»/t steel production, habeen
calculated on the basis tife Tier 2of the 2006 IPCC Guidelines(IPCC, 20®) taking into account the pig

iron and graphite electrodes used in the furnacetl@dmount of carbon stored in the final product. The
same emission factor has been used for the p&€6a- 2003. Since 2004 ETS data have been used, in this
way it has been possible to evaluate the contribute of anthracite and metallurgical cokengraduc
emission factor equal ®BQ t COy/t of steel in 208. The amount of carbon stored in steel produgéth

EAF has been considered and subtracted from the cdréance (see Annex 3mplied emission factors

for steel production reduced from 0.058Q.042 t CO/t steel productionfrom 1990 to 20&, due to the
reduction in thévasic oxygen furnaces.

CO; emissions due to the consumption of coke, coal or other reducing agents used in the iron and steel
industry have been accounted for as fuel consumption and reported in the energy sector, including fuel
consumption of derived gases; in Annex 3, the enargycarbon balance in the iron and steel sector, with
detailed explanation, is reported.

During the last in country review, ltaly reported on the results of a survey which found that there is no
accurate information by which to disaggregate the emissietvgeen energy and process. Coke is the only
irreplaceable material in the blast furnace as it has several roles:

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

1 the combustion of coke generates thethmeeded to melt the iron ore;

1 coke mechanically supports the charge allowing the crossing of the reducing gas;

1 coke allows the process of carburation of liquid iron by lowering its melting point.

These are intrinsic properties of the coke and can naseparated one from the other, all the coke when
burning simultaneously produces energy in the form of heat and CO as a reducing agent.

As any arbitrary disaggregation would not reflect the real situation, the ERT agreed that leaving the total
emissions fom the use of coke in the iron and steel industry in the energy sector is appréjitimtzely,

carbon plays thelual role of fuel and reductant ards very important not to doubleount the carbon from

the consumption of coke or other reducing agéinthis is already accounted for as fuelconsumption in the
energy sector. For this reasgna balance is made between the coal used for coke production and the
guantities of derived fuels used in various sectors. The iron and steel sector gets ting cpsaifiiities of

energy and carbon after subtraction of what is used for electricity generation, non energy purposes and other
industrialsectors (see Annex 3).
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The amount of carbon stored in steel produced in integrated plants has been consideredaatetisintn

the carbon balance (see Annex 3). The amount of carbon contained in steel has been estimated on the basis
of EN standard and, from 2005, with emission trading data. Carbon stored is equal to 48,511 tonnes of CO

in 1990 and equal t®3,436 Mg in 2018.

CH, emissions from steel production have been estimated on the basis of emission factors derived from the
specific IPPC BREF Report (IPPC, 2001 availablatgd://eippcb.jrc.es sectoral study (APAT, 2003) and

the EMEP/CORINAIR Guidebook (EMEP/CORINAIR, 2007) and refer to blast furnace, basic oxygen
furnace, electric furnaces and rolling mills.

Ferroalloys
CO; emissions from ferroalloys have been estimated on the basis of activity data published in the national

statistical yearbooks (ISTAT, several yepl until 2001. Time series of ferroalloys activity data have been
reconstructed from 2002 on the basis tatistical information (ISTAT, 2003), personal communication
(Italghisa, 2011) and on the basis of production data communicateBRIR register and to ETS from the
only plant of ferroalloys in Italy. The comparison betweeRRETR and ETS data revealeahee differences:
further investigation led to a direct contact with the plant and to rectify the incorrect activity data.

The average emission factor has been calculated accordimglRCC Guidelines (IPCC, 2006) taking into
consideration the differeypes of ferroalloys produced. The splitting up of national production in different
types of ferroalloys was obtained from U.S. Geological Survey until 2001 (USGS, several years). Since 2002
only one plant of ferroalloys is located in Italy and differgtes of production are reconstructenl the

basis of information listed above. This information is reported in the following box.

Splitting up of ferroalloys national production and IPCC 2006 emission factors

1990 1995 2000 2005 2010 2011 2012 2013 2014 20152018| IPCC 2006 EF

Ferroalloy (%) kgt

FeCr 0.30 0.26 - - - - - - - - 1,300
FeMn 0.24 0.10 0.28 0.50 0.40 0.60 0.36 0.29 0.61 - 1,500
FeSi 0.02 - - - - - - - - - 4,800
SiMn 0.32 0.53 0.62 0.50 0.60 0.40 0.64 0.71 0.39 - 1,400
Si-Metal 0.06 0.05 0.03 - - - - - - - 5,000
Other 0.07 0.06 0.07 - - - - - - - 5,000

Implied emission factor for ferroalloys has been reduced from 1.90 to 1.46/t ©€@oalloys production,

from 1990 to 2014 as a consequence of the sharp reduction in ferroalloys production, which is characterized
by high emission factors (femsilicon and silion-metal alloys). The simultaneous reduction of total
production (from about 200 kt to 16 kt) has resulted in &0issions decreasing from 395 Gg in 1990 to 24

Gg in 2014 Since2015 the plant did not work.

Primary aluminium production

PFC emissions from aluminium production have been estimated using both Tier 1 and-TieC@
methodologies.

The Tier 1 has been used to calculate PFC emissions from 1990 to 1999, while Tier 2 has been used since
2000; the use of different methods aldhg period is due to the lack of detailed data for the years previous

to 2000.

Although a number of attempts have been tried over the last years by the inventory team to retrieve the 1990
1999 historical operating data, it is not possible to retrievéntoemation: Alcoa can not provide operating

data for the period from 1990 to 1999 as the plants were managed by a different company not operating
anymore. Thus the decision to use both tiers, which was supported by previous review processes, confirming
the transparency, accuracy and conservativeness of this approach.

PFC emissions, specifically @land GFs, havebeen calculated on the basis of information provided by
national statistics (ENIRISORSE, several years; ASSOMET, several years) and thel naiioaay
aluminium producer (ALCOA, several years), with reference to the documents drawn up by the International
Aluminium Institute (IAl, 2003; IAlI 2006) and the IPCC Guidelines (IPCC, 2006).
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Tier 1 method has been used to calculate PFC emissionglreldbe entire period 1991999. The emission
factors for Ck and GFs were provided by the main national producer (ALCOA, 2004) based on the IAI
document (lAl, 2003).

The Tier 1 method used by ALCOA is based on the IAl methodology, which collected effiectedata

from 1990 up to 2000, accounting also for reductions in specific emission for all technology categories
(specific factors for Point Fed Prebake cells have been considered to estimate emissions).

In 1990 at the five production sites the foliog technologies were implemented:

Fusina: Point Fed Prebake (16% of the cells) and Side Work Prebake (84% of the cells);
Portovesme: Point Fed Prebake (84% of the cells) and Side Work Prebake (16% of the cells);
Bolzano: Vertical Stud Soderberg (100%toé cells)

Fusina 2 and Porto Marghera: Side Work Prebake (100% of the cells).

= =4 -4 =9

The EFs for PFCs were then calculated by ALCOA as weighted arithmetic mean values of EFs for the
different technologies (lAl, 2003), the weights representing the implemeiwtawtegies.

In the following tables (Tables 4.6, 4.7) the emission factors and the default parameters used are reported;
site specific values are confidential but they have been supplied to the inventory team and taken into account
in theestimation process.

Table 4.6 Historical default Tetrafluoromethane (CR) emission values by reduction technology type (IAl, 2003)

Technology specific emissions (kg GF t Al)

1990- 1993 1994- 1997 19987 1999
Point Fed Prebake 0.3 0.1 0.08
Side Work Prebake 1.4 1.4 1.4
Vertical Stud Sgderberg 0.6 0.5 0.4

Table 4.7 Multiplier factor for calculation of Hexafluoroethane (CzFs) by technology type (l1Al, 2003)

Technology multiplier factor

Center Work Prebake 0.17
Point FedPrebake 0.17
Side Work Prebake 0.24
Vertical Stud Sgderberg 0.06

PFC emissions for the period from the year 2000 are estimated by the IPCC Tier 2 method, based on default
technology specific slope factors and facility specific anode effeéctites. Sitespecific values (CFand

C.Fs emissions) and default coefficients (slope coefficients far @l GFs) were provided by the main
national producer (ALCOA, several years). Moreover, from 2005 certificated emission values and
parameters, including anode effects, have been communicated un@&arE@ALCOA, 2010).

In Table 4.8 slope coefficients used fors@Rd GFs are reported. ALCOA uses these values suggested by
International Aluminium Institute (IAl, 2006), in accordancethe coefficients reported in the IPCC 2006
Guidelines (IPCC, 2006).

Table 4.8 CR and CzFs Slope Coefficients (IAl, 2006)

CF4 CZFG
Type of Cell Slope Factor (kg PFC/HAI/AE-minutes/cell day)
Center Work Prebake 0.143 0.0173

Anode Effectéminutes/cell day)

2000 2005 2006 2007 2008 2009 2010 2011 2012
Primary Aluminium Plant 0.96 0.87 0.74 1.00 0.55 0.81 0.60 0.53 0.31

CO; emissions from aluminium production have been also estimated on the basis of activity data provided by
industrial association (ENIRISORSE, several years; ASSOMET, several years) and default emission factor
reported by industry (ALCOA, 2004) and by the (PGuidelines (IPCC, 1997) which refer to the prebaked
anode process.
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Emission factor has been assumed equal to 1.55/ @mary aluminum production for the years 1990

2001, on the basis of data provided by the producer for 2002; this value is alstecdmngth the emission

factors contained in the IPCC Guidelines and in the Aluminium Sector Greenhouse Gas Protocol. Since 2002
the emission factor has been calculated on account of information from the relevant plant supplied to the
national EPER/EPRTRegistry (emissions and productions). Therefore, thanks to the availability of this
additional information, C@emission estimations have been carried out by the operator since 2002 according
to the criteria defined by the International Aluminium Instit(#sl) and are given by the following three
components:

Electrolysis Emissions from Prebake Anode
Pitch Volatile Matter Oxidation from Pitch Coking
Bake Furnace Packing Material

O¢ O¢ O«

This detailed information is not available for previous yéag902001) so the Tier 2 approach can not be
extended to those years and Tier 1 has to be used. Although a number of attempts have been tried for the last
years by the inventory team to retrieve the same information related te20020 those data cannbe

retrieved. Thereforethe Tierl+Tier2 approach allows ensuring the quality of the estimates and also the
consistency of the C&missions time series depending on the quality of the available information.

In the following tables (Tables 4.9, 4.10) thimission factors and the default parameters used are reported;
site specific values are confidential but they have been supplied to the inventory team.

Table 4.9 Coefficients used for estimation of C® from aluminium production process with the Tier 2
methodology by plant

Baked Anode Properties

Sulphur Ash Impurities
Weight % Weight % Weight %
Portovesme Ssv* Ssv Dv**=0.4
Fusina DV=1.6 Ssv DV =0.4

*  site specific value
** default value

Table 4.10 Coefficients used forestimation of CQO; from aluminium production process with the Tier 2
methodology by plant

Pitch content in Hydroge_n Packing coke Sulphur Ash content
content in Recovered tar . content of of packing
green anodes . consumption -
pitch packing coke coke
Weight % Weight % kg/t BAP t Pcc/ t BAP Weight % Weight %
Portovesme SSv* Ssv DV* =0 DV =0.05 DV =3 DV =5
Fusina Ssv DV =4.45 DV=0 DV =0.05 DV =3 DV =5

*  site specific value
** default value

Magnesium Production

For Sk used in magnesium foundries, according to the IPCC Guidelines (IPCC, 2006), emissions are
estimated from consumption data made available by the com@dilpH Industries Italiaseveral years),
assuming that all SFused is emitted. In 2007, Skhas beerused partially, replaced in November by
HFC125, due to the enforcement of fluorinagEes regulation (EC, 2006). This regulation allows for the
use of Skin annual amounts less than 850 kg starting from 1 January 2008; for this, I8B&saas still
reported together with HFC 125 emissions for the years 2008, 2009 while for 2010 only HFC125 was
reported. Since 2011 HFC134a waplaced HFC125.

Zinc production
Until the 2016 submission, emissions from lead and zinc production have been reported Dl in

because of the lack of information about process emissions. Since 2013, ETS data contain info about the sole
integrated plant in Italy but, as it is an integrated plant, it is not possible to distinguish zinc from lead
emissions, so in CRF tables [E reported for category 2.C.5 Lead production and: €@issions are
reported in 2.C.6 Zinc production.

154



Starting from ETS activity and GCGemissions data for the period 2003017, it has been possible to
reconstruct the time series on the basis of @iffesources as this plant already submitted its data to INES/E
PRTR register since 2002 (but without the distinction between combustion and process)tla@dbasis of
activity dataand info on the technological evolutigrovided by industrial associati (ENIRISORSE,
several yearsASSOMET, several years). In the period 199018 activity data and G@missions show a
decreasing trend, in particular emissions decrease from 500 Mg in 1990 to 245 Mg in 2018 and the IEF
change from 1.56 to 1.44 kg@®Iig of Pb and Zn.

4.4.3 Uncertainty and timeseries consistency

The combined uncertainty in PFC emissions from primary aluminium production is estimated to be about
20% in annual emissions, 3% and 20% concerning respectively activity data and emission factors; th
uncertainty for HFC emissions from magnesium foundries is estimated to be about 20%, 3% for activity data
and 20% for emission factor§he uncertainty in emissions froimon and steel, ferroalloys and zinc
productionis estimated to be 10.4%.

In Table 411 emission trends of GOCH, and Fgases from metal production are reported. The decreasing

of CO; emissions from iron and steel sector is driven by the use of lime instead of limestone and dolomite to
remove impurities in pig iron and stemhd by the production levethile CQ, emissions from aluminium
zincand ferroalloys are drivemainly by the poduction levels.

In Table 4.12the emission trend of-Gases per compound from metal production is given. PFC emissions
from aluminium production decreased because of the closure of three old plants in 1991 and 1992 and the
update of technology for the twplants still operatinglhe decreasing of SEonsumption in the magnesium
foundry from 2003 is due to the abandonment of recycling plant and the optimisation of mixing parameters.

Table 4.11 CQ, CH4 and F-gas emissions from metal production, 1990 2018 (Gg)

EMISSIONS 199( 199t 200( 200t 201¢ 201t 201¢ 2017 201¢
€02 (Gg)

Iron and steel 3,124 2,897 1,28( 1,65¢€ 1,34: 1,327 1,47: 1,40¢ 1,43¢
Aluminium production 35¢ 27€ 29t 29¢ 25C - - - -
Ferroalloys 39t 23C 22¢ 89 77 - - - -
Zinc production 50C 50C 49¢ 37t 164 23¢€ 237 267 24t
CHa(Gg)

Pig iron 2.1 2.1C 2.0z 2.0¢€ 1.5¢ 0.91 1.0¢ 0.91 0.87
Steel 0.5¢ 0.6C 0.6( 0.67 0.6: 0.62 0.64 0.6¢ 0.71
PFC (Gg CCzeq.)

Aluminium production 1,97¢ 35C 231 21z 9¢ - - - -
SFs (Gg)

Magnesium foundries 0.007: 0.003t 0.000° - - - -
HEC125- (Gg)

Magnesiunmfoundries 0.000¢ - - = =
HFC134a- (Gg)

Magnesium foundries 0.007: 0.007: 0.007: 0.006¢

Table 4.12 Fgas emissions per compound from metgdroduction in Gg COz equivalent, 1990 2018

COMPOUND 199C 199t 200C 200t 201¢ 201t 201¢ 2017 201¢
Gg COz eq.

CF: (PFG14) 1,465.¢ 268.1 192.4 176.¢ 82.7 - - - -
CzFs (PFG16) 509.< 81.8 38.4 35.3 16. - - - -

Total PFC emissions from
aluminium production
SFs emissions from magnesiul

1,975.: 349.¢ 230.€ 212.1 99.2 = - = =

- 164.2 80.8 - - - - -

foundries - 16.7
HFC-125 emissions from . ) ) ) i
magnesium foundries - - - 2.1

HFC—lSé_la emissions from ) ) 10.2 10.2 10. 9.7
magnesium foundries - - -



COMPOUND 199C 199t 200C 200t 201¢ 201t 201¢ 2017 201¢
Gg COz eq.

Total Fgas emissions from
metal production

1,975.1 349.¢ 395.C 292.¢ 118.( 10.2 10.4 10.2 9.7

In response to th010 review process (UNFCCC, 201@ more robust Tier 1 comparison has been
evaluated in order to strengthen the conservativeness of combined Tier 1 and Tier 2 approaches.

In particular, as suggested by previous review processes, several comparisoasalyaed, using Tier 1

and Tier 2 approach, and under Tier 1 approach using different emission factors available from the following
references (IAl, 2003; 1Al, 2006; IPCC 2000):

1. 2003 International Aluminium Institute document, supplied by ALCOA to cakedmissions from
1990 to 1999 and actually used by the Party;

2. the updated 2006 International Aluminium Institute document, which agree with new 2006 IPCC
Guidelines;

3. 2000 IPCC Good Practice Guidance.

In Tables 4.13 and 4.14 ¢&nd GFs default emission factors (Tier 1) and slope coefficient data (Tier 2) by
technology are reported, distinguished for different reference sources.

Table 4.13 Default CR and C2Fs Emission Factors

CF4 (kg/t) CaFe (kglt)
.Fr"a”t IAl 2003 IAl 2006 GPG 2000 GL 2006 IAl 2003 IAI 2006 GPG 2000 GL 2006
echnology

CwWPB 0.4 0.4 0.31 0.4 0.17 0.04 0.04 0.04
PFPB 0.3* - - - 0.17* - - -
SWPB 1.4 1.6 1.7 1.6 0.24 0.4 0.17 0.4
VSS 0.6 0.8 0.61 0.8 0.06 0.04 0.061 0.04
HSS 0.7 0.4 0.6 0.4 0.09 0.03 0.06 0.03

*This value refer to period 19901993 (see Table 4.6)

Table 4.14 Default CRr and CzFs Slope Coefficients

CF4 (kg PFC / t Al / AE minutes/cell day) C2Fs (kg PFC / t Al / AE minutes/cell day)
Plant 1Al 2003 IAl 2006 GPG 2000 GL 2006 IAl 2003 1Al 2006 GPG 2000 GL 2006
Technology
CWPB 0.14 0.143 0.14 0.143 0.018 0.0173 0.018 0.0173
PFPB - - - - - - - -
SWPB 0.29 0.272 0.29 0.272 0.029 0.0685 0.029 0.0685
VSS 0.067 0.092 0.068 0.092 0.003 0.0049 0.003 0.0049
HSS 0.18 0.099 0.18 0.099 0.018 0.0084 0.018 0.0084

Worthy of remark is that, lacking specific plant data, 1Al 2003 is the only document including emission
factors for Point Fed Prebake technology, which is the technology implemented at the only remaining
production site since 1998oreover, as reported ithis document, 1Al proposed lowest accuracy default
method departs from the IPCC default method. In the IPCC default metisotyle specific emission value

is specified for each of four reduction technology categories: Center Work Prebake, Side Vake Pre
Vertical Stud Sgderberg and Horizontal Stud Sgderberg. The IPCC expert working panel mostly based these
default factors on 1990 average IAl anode effect data and the average technology specific slope factors. 1Al
survey data collected since the puaation of the original IPCC default values shows substantial reductions
over the period 1990 to 2000 in specific emissions in all technology categories. In additas been

shown that among the overall category of Center Work Prebake cells, the oueennoint Fed Prebake

cells have made progress at a faster rate than for the older bar broken Center Work Prebake cells. Thus the
original category has been broken into two sepayates

This is one of the most important reasons that convinced ItalggdAl 2003 default emission factors over

the period 199999, as indicated also by ALCOA, instead of IPCC Guidelines (IPCC, 2006) default
emission factors. As reported in a recent publication supplied by ECOFYS (ECOFYS, 2009), currently all
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newaluminium plants are designed according to Point Fed Prebake technology and the first improvement in
the primary aluminium industry advancement is to replace current technologies with PFPB. Other
technologies, Vertical Stud Sgderberg, Center Work Prebake and\®idePrebake are expected to be
gradually replaced by PFPB. Only 20% of the existing plants had not yet been upgraded to PFPB in EU27.
Moreover, the mean implied emission factor value fon G¥er the period 2000012 is 0.12 (kgt),
comprised between Ozhd 0.1 kg/t indicated in 1Al 2003 for PFPB technology (see Table 4.6).

Figures 4.2 and 4.3 report the comparison in €Rissions time series following Tier 1 and Tier 1 + Tier 2:

in each diagram the emissions time series out of different source for EFs are compared.
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Figure 4.3 CR emissions (Tier 1+Tier 2)

As for consistency, the Tier 1 + Tier 2 approach in estimating emissions is more reliable in producing the
time series because it allows to use site specific data provided by the operator from 2000 onwards (and the
use of the bst available data is a good practice). Moreover, emission factor values reported in the IPCC
Good Practice Guidance or in the 2006 1Al document (mean implied emission factor is 0.12 kg/t) lead to
higher values for the emissions time series than thosela&@dwut of emission factor values in 2003 IAl
document (0.08 kg/t supplied by ALCOA and used by the Party), which means that national estimates can be
considered conservative for the period. So for 1990 the use of EFs from 1Al 2003, red line, reShlts in
emission levels lower than those estimated by using the other EF references. This comparison was already




done during the compilation of the 2006 submission and the Initial Report, which resulted in the
establishment of the assigned amount.

Tierl (19901999) and Tier 2 (206R2012) time series are also better linked using 1Al 2003 EFs (see Figure
4.3) because of the minor gap from 1999 to 2000 gmeenean implied emission factor value for,@Fer

the period 2002012 is 0.12 (kg/t), commed between 0.3 and 0.1 kg/t indicated in IAl 2003 for PFPB
technology (see Table 4.6).

For this reason, the use of the combined Tierl+Tier2 approach, in this case, is conservative.

4.4.4 Sourcespecific QA/QC and verification

Emissions from the sector areethked with the relevant process operators. In this framework, primary
aluminium production supplied by national statistics (ENIRISORSE, several years; ASSOMET, several
years) and the only national producer ALCOA (ALCOA, several years), in addition wihrefadrted in a
site-specific study (Sotacarbo, 2004), have been checked. Moreover, emissions from magnesium foundries
are annually compared with those reported in the national EPERIIR registry while for the iron and steel
sector emissions reportedtime national EPERAPRTR registry and for the Emissions Trading Scheme are
compared and checke@missions from primary aluminium production have been also checked with data
reported under EAETS.

4.4.5 Sourcespecific recalculations

No recalculations occurge

4.4.6 Sourcespecific planned improvements

Further improvements about zinc/lead production have been planned.

4.5 Non-energy products from fuels and solvent use (2D)

45.1 Source category description

The subsector comprises the following sourcégbricant use, paraffin wax, and other categories which
include the use of urea, asphalt roofing and paving with asphalt and solvent usemi€§lons from this
category is a key source at level assessment with Approach 2 without and with LULUCF aswfat tr
assessment with Approach 2 only with LULUCF considering the uncert&niy@90 it was a key category
at level assessment.

Lubricant use

Lubricants are mostly used in industrial and transportation applications. Lubricants are produced either at
refineries through separation from crude oil or at petrochemical facilities. Under this camg@sions
originated by lubricant use in industry and white lubricants and lubricants used for insulating purposes have
been considered, G@nd NMVOC emissionsdve been estimated for the whole tigeries. Emissions

from lubricant use in vehicles have been acted for in the Energy Sector.

Paraffin wax

Paraffin waxes are separated from crude oil during the production of light (distll@@)ating oils.

Paraffin waxes are categorised by oil content and the amount of refinement. AbtQ¥66f the total

amount of paraffin waxes produced in the EU area is used to manufacture candles. Nowdays about 95% of
candles are paraffin wax candl@p are stearic candles and the remaining 2% is made of beeswax. Slack
oils could enter the manufacturing process thus potentially resulting into the emissions of SOx and PAH.

15€&



Use ofurea

Ureacan be used in Selective Catalyst Reduction (SCR) systensutmerblOx emissions from combustion.

SCR systems are generally applied to engines (vehicles) and also to industrial combustion (e.g. Power
Plants).

CO; emissions originated by the usewtain SCR systems have been estimated and reported in this sub
secta.

Asphalt roofing and road paving with asphalt

In Italy 14 facilities have been producing bitumen roofing membranes and about 87 facilities operate in the
production and laying of asphalt mix products for road paving. SITEB, the Italian asphalt and road
association is the relevant source of information for these two source categories. NMVOC emissions have
been estimated for these two source categories along the whole time series.

Solvent use

The use of solvents manufactured using fossil fuels as fekdstan lead to evaporative emissions of
various NMVOC and C@emissions, after oxidation of NMVOC in the atmosphere.

Methodologies for estimating NMVOC emissions can be found inEM&P/EEA air pollutant emission
inventory guidebook (EMEP/EEA, 20Q9\Iso some indications on the subcategories to include in the
6sol vent usebd6 category are reported in the 2006
solvent use in paint application, degreasing and dry cleaning, manufacture and proctssiagical
products, other solvent use, such as printing industry, glues application, use of domestic products.

4.5.2 Methodological issues

Lubricant use

The use of lubricants in industrial engines is primarily for their lubrigagproperties and associated
emissions are therefore considered aseambustion emissions to be reported in the IPPU Sector.

NMVOC and CQ emissions are reported for this category.

CO; emissions for the whole timeseries are calculated based on a djpgrdach considering the average
Lower Heating Value (LHV) of lubricants, the average ODU factor and the average carbon content of
lubricants (Equation 5.2 IPCC Guidelines 2006):

COZ EmISSIOn$ LC k:CLubricantmDULubricantA44 /12
where

LC= lubricant consumption
CCubrican= carbon content
ODUuprican= OXidation factor
44/12= mass ratio C{C

Statistics related to the total amount of lubricants consumed in ltaly are officially provided by MSE every
year in the petrochemical bulletin (MSE, several year9 it no details concerning different kind of
lubricants are available thus allowing ugdyofor a Tier 1 approach; LHV, Carbon Content and ODU factors
used are the default values included in the IPCC 2006 Guidelines are Taleemctivity data for this
subcategory is the total consumption of lubricants minus the amount of lubricants ussitiokeZengines
(which is derived from reversing COPERT equation to estimatee@ksions in &troke engines).

Emissions from the use of lubricants kst2oke engines have been accounted for in the Energy Sector.
NMVOC emissions for the whole timeseriésive been estimated too, based on the total lubricants
consumption and a NMVOC EF= 28 kg NMVOC/tons of lubricant (EMEP/EEA, 20IBg whole
timeseries for NMVVOC emissions has been revised in the present submission as a consequence of the review
of the ativity data time series.

Paraffin wax

In ltaly paraffin waxes are mostly used in the manufacture of candles, although a number of different
applications (e.g. food production and many others) could have paraffin waxes as an input. Emissions from
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the use of waxes derive primarily when the waxes or derivativearaffins are combusted during use (e.g.,
candles).No other use of paraffin wax in products implying wax combustion during the product use is
known in Italy.In order to estimate CGemissions for the whole timeseries it has been assumed that 65% of
totalamount & paraffin wax is destined to the manufacture of candieaccount of information provided by

the industrial association (Assocandele, 20IR)tal paraffin wax consumption is includéd "Bollettino
Petrolifero” provided by the NSE and publicly available on the EBE website at the follwoing link:
http://dgsaie.mise.gov.it/dgerm/bollettino.agkefault values for carbon content of paraffin wax asl as

ODU factor and LHV have been assumed (20BC Guidelines) and applied to the activity data according
to a Tier 1 approachs inEquation 5.4f the2006 IPCC Guidelines:

CO, Emissionss PW ACCyax ZODUwaxAd4 112

where:

CO2Emissions = C@emissions from waxes, tonne €0

PW = total waxconsumption, TJ

CCwax= carbon content of paraffin wax (default), tonne C/TJ (= kg C/GJ)
ODUwax= ODU factor for paraffin wax, fraction

44/12 = mass ratio of CLC

Use ofurea

Emissions of CQ@originated by the use afreain SCR systems in engines andweo plants have been
estimated and reported in this ssdxctor.

Concerning vehicles, SCR systems were introduced in Italy in 2006 sce@@sions related to SCR
systems can be traced back in the timeseries up to 2006. The amoregdasfd CQ emitted usingireacan
be estimated by COPERWhich is the model used by Italy to estimate emissions for road tranBport
further detailssee paragraph 3.5.3 in the energy chapter.

Concerningpower plants, the amount of urea used in SCR systems é&rs feported bgperatorainder the
Italian ETS together with C&&missionsincel997.

Asphalt roofing and road paving

NMVOC emissions from the manufacturing of asphalt roofing materials have been estimated based on the
total surface of bitumen roofingembranes (Federchimica, several years; Siteb, several years) and default
emission factors (EMEP/CORINAIR, 2007; EMEP/EEA, 2009).

NMVOC emissions from road paving operations have been estimated based on the amount of asphalt mix
produced for each year (ISTAseveral yearfal; Siteb, several years) and the emission factors also derived
from data supplied by Siteb (EPA, 2000; Siteb, several years).

Solvent use

Emissions of NMVOC from solvent use have been estimated according to the methodology repbged in t
EMEPEEA guidebook, applying both national and international emission factors (Vetrella, 1994,
EMEP/CORINAIR, 2007, EMEP/EEA, 2013). Country specific emission factors provided by several
accredited sources have been used extensively, together witinodatidne national EPER/EPRTR Registry;

in particular, for paint application (Offred®., several years; FIAT, several yedl3), solvent use in dry
cleaning (ENEA/USLRMA, 1995), solvent use in textile finishing and in the tanning induStEE3HNE,

1998; Regione Toscana, 2001; Regione Campania, 2005; GIADA 2006). Basic information from industry on
percentage reduction of solvent content in paints and other products has been applied tBHAMEP/
emission factors in order to evaluate the reidndn emissions during the considered period.

Emissions from domestic solvent use have been calculated using a detailed methodology, based on VOC
content per type of consumer product.

As regards household and car care products, information on VOC cantkattivity data has been supplied

by the Sectoral Association of the Italian Federation of the Chemical Industry (Assocasa, several years) and
by the Italian Association of Aerosol Producers (AlA, several yggrand[b]). As regards cosmetics and
toiletries, basic data have been supplied by the Italian Association of Aerosol Producers too (AlA, several
years[a] and[b]) and by the national Institute of Statistics and industrial associations (ISTAT, several years
[a], [b], [c] and [d]; UNIPRO, severafear3; emission factors time series have been reconstructed on the
basis of the information provided by the European Commission (EC, 2002).
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The conversion of NMVOC emissions into €@missions has been carried out considethmycarbon
contentvalue. In the previous submission carbon content wasgset to 85% as indicated by the European
Environmental Agency for the CORINAIR project (EEA, 199&$ a result of théechnical reviewin the
framework ofArticle 19(1) ofthe European Regulatiodo 525/2013it was recommended to use a fossil
carbon content equal to 65% as indicated ir20@6 IPCC Guidelines (chapter 5.5.4)

4.5.3 Uncertainty and timeseries consistency
The combined unctinty in CQ emissions from non energy products from fuels and solvent use is
estimated equal to 586 due to an uncertainty of 30% and 50% in activity data and emission factors,
respectively.
IN2018,CO:deri ve mainly from t he s ufdrt6® of thg sectoyal emi®siohse r 6 ,
specifically, emissions from the use of solvent sh#&o. The second source séctoralemissions is the use
of lubricants contributingo 23% of the total.
Table4.15shows CQemission trend from 1990 to 281

Table 4.15Trend in CO2 emissions from the non energy products fronfluels and solvent useategay (Gg)

GAS/SUBSOURCE 1990 1995 2000 2005 2010 2015 2016 2017 2018

2D. Non-energy

products from 1,72z 1,567 1,43¢€ 1,35z 1,128 971 980 1,048 1,097
fuels. Other

2D1. Lubricant use 362 31¢ 32t 28¢ 216 212 227 224 233
55'392' PRIFENLE) B 19 20 21 14 13 15 12 13 11
2D.3. Other 1,341 1,22¢ 1,09C 1,05€ 89¢ 745 740 811 853
2D3a. Urea

(emissions _ : . R - 25 44 49 48 58
abatement in

engines)

2D3b. Urea

(emissions - - 2.3¢ 2.3t 1171 7.34 7.04 7.50 9.31
abatement in powe

plants)

2D3c. Road paving - - - - - - - - -
2D3d. Aspha ) ) ) ) ) ) ) ) )
roofing

2D3e. Solvent 1,341 1,22¢ 1,087 1,05 862 694 684 755 78&
Paintapplication 59t 55k 497 471 34E 286 288 337 33E
Degreasing and dry

cleaning 13€ 82 64 56 49 43 42 41 40
Chemical products 17C 18¢ 18z 131 121 109 110 127 118
Other 441 404 347 397 35C 258 247 252 29E

The decrease observed in emission levels from 192018 about36%, is to be attributed to the reduction

in emissions from solvent use, mainly for the reduction in paint applicadippljcation of glue and
adhesives and domestic solvent use; specyicdifie reduction of emissions from paint application for
domestic use, which drop by about 44% from 1980due to the implementation of Italian Legislative
Decree 161/2006. Other European directives applies to the solvent use category, which repeeseits t
source of NMVOC emissions at national level (34.4%tthe total NMVOC); for istance, the European
Directives (EC, 1999; EC, 2004) regarding NMVOC emission reduction in paint application entered into
force, in lItaly, in January 2004 and in March @0@stablishing a reduction of the solvent content in
products.
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4.5.4 Sourcespecific QA/QC and verification

For the solvent use category, different QA/QC and verification activities are carried out. Data production and
consumption time series for some activities (paint application in constructions and buildings, polyester
processing, polyurethane processing,rptaeutical products, paints manufacturing, glues manufacturing,
textile finishing, leather tanning, fat edible and non edible oil extraction, application of glues and adhesives)
are checked with data acquired by the National Statistics Institute (ISER@ral yeargal, [b] and[c]), the

Sectoral Association of the Italian Federation of the Chemical Industry (AVISA, several years) and the Food
and Agriculture Organization of the United Nations (FAO, several years). For specific categories, emission
factas and emissions are also shared with the relevant industrial associations; this is particularly the case of
paint application for wood, some chemical processes and anaesthesia and aerosol cans.

In the framework of the MeditAIRaneo projel$PRA commis®ned to Techne Consulting S.r.l. a survey to
collect national information on emission factors in the solvent sector. The results, published in the report
fiRassegna dei fattori di emissione nazionali ed internazionali relativamente al settore éolve0iiNE,

2004), have been used to verify and validate the emission estimates. ISPRA commissioned to Techne
Consulting S.r.l. another survey to compare emission factors with the last update published in the
EMEP/EEA guidebook (EMEP/EEA, 2009). The resultsraep or Fatdt oni idi emi ssi one
solventt ( TECHNE, 2008) and emissiorefactors fermpolyurstteade andgolystyrethea t e
foam processing activities.

In addition, for paint application, data communicated from the indssinethe framework of the EU
Directive 2004/42, implemented by the Italian Legislative Decree 161/2006, on the limitation of emissions of
volatile organic compounds due to the use of organic solvents in certain paints and varnishes and vehicle
refinishing products have been used as a verification of emission estimates. These data refer to the
composition of the total amount of paints and varnishes (water and solvent contents) in different
subcategories for interior and exterior use and the total amounbdigis used for vehicle refinishing and

they are available from the year 2007.

Additional verifications of the emissions from the sector occurred in 2012, on account of the bilateral
independent review between Italy and Spain and the revision of natistimlates and projections in the
context of theNational emission ceilingBirective for the EU Member Stateendthe Gothenburg Protocol

of theConvention on Londrange Transboundary Air Pollution (CLRTAP).

4.5.5 Sourcespecific recalculations

Significant ecalculation occurred along the whole timeseries fos €fissions from Lubricant use (2.D.1)
due to the use of updated activity data timeseries and also in 2.D.3.

As for CQ emissions from lubricants use, recalculations occurred along the whole tirmedagido the
update of the data resulting from COPERT model, as shown in the following box:

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
2D1-
Lubricants
CO2 -0.1% -0.1% 13% 23% 1.6% 13% 1.1% 08% 0.8% 0.8% 05% 05% 0.6% 0.8%
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
2D1-
Lubricants
CO2 08% 09% 1.4% 1.4% 16% 2.0% 20% 23% 21% 21% 0.6% -0.5% -0.3% 1.0%

Significantrecalculations for C®emissions occurred from the use of urea in engines (years from 2006 to
2017) due to the update of the data resulting from COPERT model.

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

2D.3.a UREA inSCR
systems (vehicles) 93% 47% 34% 28% 23% 17% 9% 15% 8% 5% 5% 9%
CO2
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Minor recalculations occurred along all the years of the time series in 2.D.3 solvent use (about 1%) mainly
due to the update of emission factors in metal degreasing in chemicalimodupdates of activity data in
paint manufacturing and chemical products

Significant recalculations for GGemissions occurred from the use of urea in engines (years from 2006 to
2017) due to the update of the data resulting from COPERT model.

GAS/SUBSOURCE 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
CO2

2D.3.a UREA in SCR system

(vehicles) -95% -58% -45% -39% -34% -28% -20% -24% -18% -14% -14% -20%

Minor recalculations occurred alomdj the years of thdime series in 2.D.3 solvent ugabout 1%)mainly
due to the update of emission factorametal degreasino chemicaland minor updates of activity data in
paint manufacturingnd chemical products

4.5.6 Sourcespecific planned improvements

No further improvements are planned.

4.6  Electronics Industry Emissions (2E)

4.6.1 Source category description

Fluorocarbons emissions from this ssdgxtor are from semiconductoanufacturing industry (2.E.1).

Actually in Italy, there are three national plants of semiconductor manufacturing, owned by two company,
ST Microelectronics (in the past purchased for a couple of years by Numonyx) and LFoundry (ex Micron
Technology): in paicular, ST Microelectronic is active from 1995, while LFoundry from 1998.

The semiconductor manufacturing companies supply yearly consumption and emission data for each plant
(ST Microelectronics, several years; Micron, several years; Numonyx, several y&oundry, several

years.

F-gas emissions from semiconductor manufacturing are estimated using the Tier 2a methodology of the new
2006 IPCC Guidelines (IPCC, 2006).

Fluorinated compounds emissions froeahtransfer fluidsire also estimated. From 2@lthe industry has

started to communicatine consumption of the substances usedénvice equipments and consequently
emissions have been estimated equabttsumptions (ST Microelectroniseveral yeard Foundry,several

yeary. For the previous yearsndustry has communicated that no data is available and explained that
consumptions othese substances are of course linked to the production but not dependent on it (i.e. if
production of semiconductor occur, the use of these service equipments batuhe refrigerant
consumption is random). Because of previous considerations, emissions have been estimated constant for the
whole time series.

As concern photovoltaic (PV) manufacturing, actually in Italy there is no production of PV cells, but only
asembly. Before 2011, PV cells production occurred but no fluorinated compounds have been used for the
process (Lux, 2015; Solsonica, 2015).

Finally, no thinfilm-transistor flat panel display (TFFPD) production occurs in Italy (Linde Gas, 2015).

The shae of Fgas emissions from thedectronics industrin the national total of fgasesaccountdor 1.3%

in 2018.

4.6.2 Methodological issues

F-gas emissions from semiconductor manufacturing are estimated using the Tier 2a methodology of the 2006
IPCC Guidelines (IPCC, 2006)As reported in the Guidelines, total emissions are equal teuire of
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emissions from the gas FGsed in the production process plus the emissibitg-product calculated with
equation 6.3/6.4/6.5/6.6

Companies involved in themiconductor manufacturing provide yearly data on consumption and emissions
(ST Microelectronics, several years; Micron, several years; Numonyx, several years; LFoundry, several
years), calculated on the basis of the following equation, accepted by theé Sémniconductor Council
(WSC). The formulayathers thePCC Guidelinesquationgcombining equations 6.2/6.3/6.4/6.5/6.6 of the
Guideline$ andincludes both direct and Byroduct emissions

EmISSIOHS fOI‘ PFG_- PFCk(l‘h)[(l‘C|)(1'A|)* GWP| + Bi*GWRbyproductT(l‘A(byproduc))]
where:

= fraction of gasremaining in container (heel)
PFC =  purchases of gas kgs

kgs = mass of gagpurchased

GWR = 100 yr global warming potential of gas

C= average utilization factor of ggaverage for all etch and CVD processesEFL
EF = average emission factor of géaverage for all etch and CVD processes)

Bi = mass of Ckcreated per unit mass BFGC transformed

A= fraction of PFG destroyed by abatemeniag*V,

By product formation
Acrs= fraction of PFG converted to Cland destroyed by abatementce4*Va

a;= average destruction efficiency of abatement; foolgas

Acra= average destruction efficiency abatement topfor CF,

Va= fraction of gasthat is fed into the abatement tools

Acra= fraction of PFG converted to Clrand destroyed by abatemendces*Va

aj = average destruction efficiency of abatement; foolgas

acra= averageadestruction efficiency of abatement tdokr CF,

Acore=  fraction of PFG that is converted to £ and destroyed by abatemenasrétVa
aczre=  average destruction efficiency of abatement; foolCsFs

Acsrs=  fraction of PFC that is converted to 4£s and destroyed by abatemensrstVa
acsrs=  average destruction efficiency of abatement; foolCsFs

Va= fraction of gasthat is fed into the abatement tools

Emissions are calculated for the followifigorinated gases: HFC 23, HFC 32, HFC 134#&,:CCFs, CsFs,

C4Fs, Sk and NR. From 2012, according wittWorld Semiconductor Council (WSC), data on £k CsFs,

CsFs are gathered.

From 2000, emissions are calculated considering the contribution of @nateystems.

ST Microelectronics provided emissions for each gas,(ClFs, HFC 23, GFg, CsFs, CiFs, SF and NFE) for

the year 1995 and from 2001 onwards. For the years-2008 the company was not able to provide
detailed data but onhaggregated total emissions confirming that they occurred for all the gases and
emissions of each gas have been estimated proportionally taking in account their distribution in 1995 and
2001. Moreover, on the basis of the 2001 emission factors (emissigcogsismption gas consumption

data have been extrapolated for the missing years.

For what concern Heat Transfer Fluids, during the manufacture of semiconductor devices, HTFs serve as
coolants in chillers, removing excess heat during many manufactprowesses. During semiconductor
device testing, containers of HTFs are cooled or heated to a desired temperature into which the devices are
immersed to test their integrity. In addition, when testing the function of devices, HTFs are used to remove
the he&athe devices generate while being tested. HTFs are also used to attach semiconductor devices to
circuit boards via solder, which may be melted by the vapor of an HTF heated to its boiling point. HTFs may
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also serve to cool semiconductor devices and ofleeices or systems that generate high heat during
operation (EPA, 2006%5emiconductor industrstarted to collect data and communicated from the year 2017
the annual recharge of these coolants. Emissions have been estimated in terms of tonnegquotelt of
unspecified mix of HFCs and PFCST Microelectronicseveral yeard_Foundry,several years)

4.6.3 Uncertainty and timeseries consistency
The combined uncertainty in-dlas emissions fodPFC, HFC, SFand NE emissions from semiconductor
manufactuing, included heat transfer fluidss estimated to be about 20.6% in annual emissions, 5% and
20% concerning respectively activity data and emission factors

In Table 4.16 emissions from semiconductor manufacturing are reported.

Table 4.16Fluorocarbon emissions from semiconductor industry 19907 2018 (kt CC;z eq.)

GAS 199C 199t 200C 200t 201C 201F 201¢€ 2017 201¢
HFC 23 NO 6.1 8.7 7.2 10.7 9.4 8.6 8.9 6.8
HFC 32 NO 0.00C 0.00C 0.00C 0.00C 0.114 0.05¢ 0.077 0.077
HFC 134a NO 0.00c¢ 0.057 0.00c 0.00c¢ 0.00c¢ 0.00c¢ 0.00c¢ 0.00c¢
CFs NO 65.2 131.€ 84.¢ 66.5 95.C 82.€ 82.€ 102.¢
CoFs NO 17.1 1211 81.2 27.5 21.4 23.2 21.C 28.2
CsFs NO 8.6 11.€ 4.3 0.0 0.2 0.3 0.4 0.2
CaFs NO 10.C 1.5 10.C 26.5 19.8 14.7 17.4 15.C
Sks NO 14.¢ 61.¢ 57.2 30.€ 47.2 52.7 66.C 50.1
NFs NO 76.€ 13.2 334 20.2 28.4 34.C 23.t 221

Unspecified mix of HFCs and
PFCs from Heat Transfer Fluids

F-gas emissions (kt C@eq.) NO 2216 373 3011 205 2446 2392 2427 246

NO 23.C 23.C 23.C 23.C 23.C 23.C 23.C 20.€

4.6.4 Sourcespecific QA/QC and verification
This source category is covered by the general QA/QC procedures. Where information is available,
emissions from production and consumption of fluorinated gases have been checked with data reported to the
national EPER/EPRTR registry.

4.6.5 Sourcespecific recalculations
No recalculation has occurred, except for the Heat Transfer Fluids activity, were a correction for 2017 in
Agrate plant has been made

4.6.6 Sourcespecific planned improvements

No further impreements are planned.
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4.7 Emissions of fluorinated substitutes for ozone depleting substances (2F)

4.7.1 Source category description

The subsector Emissions of fluorinated substitutes for ozone depleting substances consists of the following
subapplications:

2.F.17 Emissions from Refrigeration and Air Conditioning
2.F.2i Emissions from Foam blowing Agents

2.F.31 Emissions from Fire Protection

2.F.47 Emissions from Aerosols

For category 2.F.5. Solvents, at the monthate is no evidence that these emissions aockaly although
further work is on going to verify it.

Collected data, according to Article 19 of Regulation EU 517/2014, have been analyzed. Omgnpagryc

has declaredor the past yeara smallquantityof HFC preparatioplaced on Community market for the first

time for the years 2008, 2009, 2010, 2011 and Z0i3olventsapplicationsThe Companyent us detaatl

data on sales in Italy but they explaindat these sales are towards 'Chemistry’ sesstdhe substances
declared are HFQ34a, R507 and R410A, not usually used as solvent$aly is checkingfor the
correctnesof these data with theompany.The Companyis not able to explain if those data referred
effectively to 6Solventdé or it was more probabl e
industry. By the waya preliminary emissions estimation has been done and resld&sinf10,000 tons of

CO; equivalent, much more below 0.05% of the national total GHG emissionikey have been reported as

NO.

HFC emissions from Refrigeration amgt conditioning and from Firextinguishersare keycategoris at
level and trend assessment, both using TemdL. Tier 2, with and without LULUCF, in 281

HFC emissions fronfFoamblowing agents is a key categaylevel and trencassessmentsing Approach 2
without LULUCF and at trend assessment, using both Tier 1 and Tier 2 with LULUCF.

The share of fgas enssions of fluorinated substitutes for ozone depleting substances in the national total of
F-gases is i88.4% in 2038.
4.7.2 Methodological issues

The methods used to calculatey&s emissions of fluorinated substitutes for ozone depleting substances are
preented in the following box:

Subsources of Fgas emissions and calculation methods
Source category Sub-application Calculation method
Refrigeration and air conditioning

equipment (2F1) IPCC Tier 2a

Foamblowing (2F2) IPCC Tier 2a
Fluorinated Substitutes for ODS (2F)

Fire extinguishers (2F3) IPCC Tier 2a

Aerosols/metered dose inhalers (2F4) | IPCC Tier 2a

Total emissions have been calculated as the suMarfufacturingemissions,Use emissions Containers
emissions (only folStationary Air ConditioningpndDisposal emissiondsor t he r ®Rpoo v émnyo «
simple approachiRecovery =a maé unt remaining in produddismsalat d ¢
e mi s shaobeen assumed.
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The Legislative Decree.r151/05 hasmplemented in Italy the EU Directive on Waste from Electric and
Electronic Equipments. According to this Decree when equipments are disposed of it is by law required to
recover the remaining-§as and either reuse or destruct it, bgalSes data are navailable at the moment;
although the number of authorized centres for the treatment of WEEE is known, there are many small
authorized centres which do not have to report about their activities.

Because of lack of data, for trmubcategories Foam blowing and Fire extinguishers, emissions from

di sposal are included into the emissions during t
implies that the fgas charged into the equipments is emitted completely duheglifetime of the
equipments. So at decommissioning there is rga$-charge left and no emissions or recovery do occur.

IPCC Tier 2a implies the availability of either number of applications/equipments using the individual gas or
the amounts of the gaused in the different sectors. Based on the availability of the amount of individual gas
produced in Italy and the sectoral uses of the gas we carry out the estimation of emissions according to IPCC
Tier 2a.The estimates are based on single gas consumspdata supplied by the only national refrigerants
producer (Solvay, several years) and by industxcept for Domestic Refrigeration and Stationary Air
Conditioning suksector, whereemissions have beeralculatedon the basis of appliances produced an
placedon the market The methodology applied, although is not a balance of chemical sales, uses specific
emission factors for each consumption type.

Due to the methodology used to estimate emissions, based on the consumptiongzdes iR the diffent
categories, where relevant, the estimated consumption include also the amount of fluid contained in the
imported products. As an example, the amount-ga$es used in the air conditioning devices mounted on
vehicles manufactured abroad and importedtaty is part of the information we use in the estimation
process. UNRAE, which is the Association of foreign car makers, provide us every year with the amount of
F-gaseaused in the imported vehicles.

In 2016 and 2017, ISPRA signed two agreements WwehMinistry of the Environment, Land and St a

survey, at a national level, about HFCs alternative substances with low GWP, natural refrigerants and
alternative technologies made in It§l$PRA [a], 2018. In the meanwhile, ahistoric global climateleal

was reached in Kigali, Rwandat the TwentyEighth Meeting of the Parties to the Montreal Protocol on
Substances that Deplete the Ozone Layer (MOP28). The so called Kigali Amendment which amends the
1987 Montreal Protocol aims to phamg Hydrofluoocarbons (HFCs)y the late 2040s.

In this framework ISPRA is in contact with air conditioning and refrigeration national assogciatiajts
import/export Fgas companies, and the major experts of the sector, as well as companies, in order to better
undestand the market evolution in terms of HFCs substitutes. Data are collecting, both regarding HFCs and
substitutes, but at present they are not enough to make a balance of chemical sales dod dewra
approach to cross check emission estimates.

4.7.2.1 Emissions from Stationary Air Conditioning sector (2.Ff)

Since theNational Inventory Submissions 20{NIR, 2018),the estimates afmissiondrom the Stationary

air conditioning sectorare no longer based on the consumption data of refrigerantdesujyyl Solvay
(Solvay, several yearsbut on data of air conditioning equipments production and sales, provided by
Assoclima.

ASSOCLIMA the Italian Association of Air Coditioning Systems Manufacturers collects an annual
statistical survey of thétalian cmpanies in the secttaking into account the productiand sales datay

type of equipments and capacity. The Associasiopplied datan production and salésom 195to 2018
(Assoclima [a], several yegrtogether withdata on the average refrigetaharge of each type of appliances
(Assoclima [b], several yegtdData interpolation has been done in those cases where data was not available
for confidential reasonsthis affected some cases for which the companies that declareptbéurction

and/or sales were less than Bata on production include the appliances manufactured and sold in Italy plus
the appliances manufactured in Italy and sold in the foreign market (EU and external EU); data on sales
include appliances manufacturadd sold in Italy plus appliances imported from abroad and sold inAsly.
Assoclima represents most of the industry but, for some kind of appliances, not theni@@fticative

factors have been provided by the Association in order to cover theftdba air conditioning companies,
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including those that are not associafBlde multiplicative factors have been used for each type of equipment
andare constant for all the years of the time sgiasoclima [b], several years).
Production datdave ber used to estimate emissions from manufacturing while sales data have been used

for estimatingoperatingemissions.
In Table 4.17%he type of appliance, the capacity, the average charge and the multiplicative factor used for the

estimationarereported.

Table 4.17Type of air conditioning equipments, average refrigerant charge andhultiplicative factor

: Average T
Type of . Capacity Multiplicative
condensation PE el e (kW) C?ﬁ;?e factor
Monoblock airconditioner without i 06 1
outdoor unit (double duct) '
. Room air Monoblockportable air conditionaup to _

Air cooled conditioner 3 kW (single duct) <=3 0.5 1
Portable air conditioner with remo <=4 08 1
condenseup to 4 kKW (split type) B '

MONO-SPLIT | Outdoor condensing units connected td <=7 1.1 1.13

Air cooled | airconditioning | indoor unit (wall floor installation

units cassette, ducted false ceiling) >7 3.9 113
MULTI-SPLIT | Outdoor condensing units connected
Air cooled | air conditioning | indoor units  (wall floor installation 16 1.13
units cassette, ducted false ceiling)
Mini VRF(onIyui)i(ttSe)rnal condensing <16 a1 1

Air cooled VRF

VRF (only external condensing units) >=16 8.9 1

Air or water | F@ckaged, roof| - Vertical or horizontalndoor Packaged 3.4 1.2

Cooled top

ductableor not) Roof top 20.7 1.2

Air or water o o <=17 3,6 1

Precision air conditioning

Cooled >17 9.2 1
to 17 2.2 1.15

from 18 to 50 5.7 11
from 51 to 100 14.3 1.08
from 101 to 200 295 1.05

Air Cooled Chiller Only cooling or heat pump from 201 to 350 46.7 105
from 351 to500 619 1.05
from 501 to 700 895 1.05
from 701 t0900 1371 1.05

from 901 1543 1

to 17 0.9 12

from 18 to50 17 11
from 51 t0100 45 1.08
from 101 to 200 9.8 1.05
WaterCooled Chiller Only cooling or heat pump from 201 to 350 175 1.05
from 351 to 500 404 1.05
from 501 to 700 701 1.05
from 701 to 900 889 1.02

from 901 1273 1
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Several factors affected the performance of sales and production data during the considered period
Economicrecessionyith a negative peak in 2011 for the production data, tax incentives and new electricity
chargesare some of these factoracentiveshave concerned, in examptae replacement afinter heatings
systems with systems equipped with high energy efficidreatpumps (Ehpa, 2014)he promotion of the
production of thermal energy fronrenewable sources and energy efficiency meaqfoeexample Conto
Termico and Ecobonuspood performance of heat pump systems has been recorded for several years

With regard to the general trend, products and components for air conditioning syke2@d5has been

the year inwhich a recovery of the sector occurrater a period of economic crysis. Referring to the last
Assoclima survey, 2018 the positive sign irthe air conditioning sectarontinued,mainly due to heat
pumpsystemsand the thermakenewable Assoclima,2019.

In 2018 e national production of air conditioning equipments registerbdi% compared to 2017 and is
composed for almost 90% of mainly heat pump chillers, air treatment units and fan coil units.

In particular way a significant increase in split heat pumgalels for powers up to 17 kW (+ 46% in value)
occuredand the entire heat pump sector up to 17 kW have grown by + 23%. As a result, the Italian market in
the range up to 17 kW is today almost 90% dominated by heat pump systems.

The direct expansion showedioubledigit growth in all the productwith +12% in quantity for monosplits,

for which the best performances are recorded in the power segment above 7 kW, mainly used in the
commercial light sectorand with + 13% in quantity for multisplits. A growtls also registeredof VRF
systems (+18% in quantity) and for the-e@ioled refrigeration units, which represent 55% of national
production andirethe type of machine with the highest growth rates in the hydronic machines sector (+ 13%
in value and +15% in quantity).The small appliances up to 17 kW (affected by the increasing introduction

of the heat pump system in residential heating / air conditioning) represent around 40% ottodedir
chillers. For the machines over 50 kW, a growth in heahpsystems is registerlly representing around

50% of the total. The watarooled refrigeration unitshoweda stopping,by recording decreases both in
value €3%) and in quantity-f%) (Assoclima 2019.

The air conditioning sector has beemolved for years in the design of air conditioning systems with ever
better energy performance in order to achieve the minimum enwatal and energy performance
requirements required by the Ecodesign regulation. Regarding the portable air conditionersnaith re
condenser, the production st oppedinimum effi@nty3limits b e c a L
required by the ErPD regulatior{&ssoclima [b], several yearsin the following Table 4.18, data on
manufactured and sold equipments in the Statjoagirconditioning sector are reported. Unlike finevious

year, all the tables report the 1996 instead 1995 as the first year, because the introduction of HFC air
conditioning systems stad in1996.

Table 4.18 Number of manufactured and sold equipmestin the Stationary air conditioning sector, 1996018
STATIONARY AIR

CONDITIONING 19% 2000 2005 2010 2015 2016 2017 2018
Production (units)

Room air conditioner 309,318 244,769 165,152 34,938 10,566 12,797 12,234 26,015
Monosplit 206,555 509,064 57,775 22,249 128 100 90 90
Multisplit 17,000 41,310 16,439 3,850 0 0 0 0
condensing unis) o o o 1o o 0 0
Ef‘ﬁg‘:‘)ged’ rooftop (ductabl 5 905 1 987 2,813 1658 1,696 1635 1,684 1,541
Precision aicconditioning 9,927 24,635 13,619 2,237 5,388 6,544 5,612 5,203
Air cooled chiller 25,868 41,731 50,204 60,046 32,953 32,787 34,297 35,559
Water cooled chiller 2,481 4,380 5,132 5064 5,239 4,809 4,529 3,856
Sales (unitg

Room airconditioner 112,212 101,860 111,540 143,632 72,552 86,098 92,984 128,564
Monosplit 307,730 774,830 958,028 805,744 655,955 1,044,498 958,657 1,047,893
Multisplit 30,000 114,920 288,960 248,777 196,616 313,628 273,447 302,725
VRF (only external 0 0 8202 18116 15131 18426 19,812 23,303

condensing units)
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STATIONARY AIR

S ONDITIONING 19% 2000 2005 2010 2015 2016 2017 2018
E?gggged’ roof top (ductabl 5 554 356 3,451 1,538 1,050 1,402 1,433 1,212
Precision air conditioning 4,233 11,458 3,515 791 550 1,121 1,083 765
Air cooled chiller 19,410 28,300 30,680 24,280 29,430 33,002 39,495 47,848
Water cooled chiller 1,459 2,640 2,425 1,926 1,737 1,518 1,449 1,304

HFC refrigerants used in the Stationary air conditioning sector

Air conditioning appliances started to use HFC, as substitutes of HGRBe second half of the 1990s
(Assoclima [b], several yegrsand the replacemeprocess was completed by 20@8th the elimination of

HCFCs innew equipments

In the last yearswith the introduction of new refrigerants (natural refrigerants, HFO or HFC with a lower
GWP) in substitution of the HFC, due to thegy&s Regulation and market dynamics, teecpntage of sales

and production of HFC equipmeritas chang# For portable aiconditioners, the replacement of HFCs with

HCs started earlier than the other machines thanks to the low charge involved that allow the use of
flammable refrigerants. According to expert judgment, propane has started to be used after 2005, and in 2010
the 50% of theportable roomair conditioner are with HQ90, this percentageised to 90% in 2018
(Assoclimalb], several yeads

In the followingTable4.19the percentage share of HFC equipmentshertdtal of saleand production per
year (198-2018) is reported.

Table 419 Percentage share of HFC equipments manufactured and sold over the yedrsthe Stationary air
conditioning sector

Stationary air conditioning
Percentage of sales and production of HFC equipments over the years

Type of equipment 19% 2000 2005 2010 2015 2016 2017 2018
All equipments expt

monobloc portable room &
conditioner <= 3kW and

: 0.01 0.05 0.95 1 1 1 1 1
portable room air
conditionerwith remote
condenser <= 4 kW
Monobloc portable room a 01 05 1 05 0.3 02 0.1 01

conditioner <= 3kW
Portable room air

conditionerwith remote 0.1 0.5 1 0.5 0.3 0.2 0.1 0.1

condenser <4 kW

R-410A, HFCG134a, and RIO7C are the main refrigerants used in the air conditioning sector.

Amongthese onesR-410A iscurrentlythe dominantHFC followed by HFG134a. R410A ismainly used

for small air conditioning systems, while HFC34a is a good régcement for larger equipmentir
intermediate power machines botrdROA and HFEL34a can be useR-407Cwasusedfor different years

in the pastas a substitute for B2, instead ofR-410A because this refrigeramtilows to usethe same
componerd of a R22 systenbut, due tothermodynamic problems, it has been progressively substituted by
R-410A For this reasqrthe useof R-407Cstarted to decrease since 20Athongthe newrefrigerantswith

lower GWR the R32 isreceiving the most terest. Because of its flammable nature (A2L class), at present
it is mainly used for split equipments in the residential sector. Infact, as the sectoral experts communicated
(Assoclima [b], several yearsin the last 3 years,-B2 mono e multi splits ha appared in the Italian
market, with a growing percentage ant frercentage will increase in the ngeiars ale by including other
types of machines.

In the following Tables4.20, 4.21, 4.22, 4.2the percentage of HFC conditioning equipments, b typ
refrigerant is reported. The percentage vahesge been supplied by Assoclima ambwa deep changing in
the mix of efrigerants used over the yeairstially the portable air conditionerssedmainly R-134a due to
the lower operating pressurbat then they mainly passed te4R0A. Regarding the 07C, chillers with
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rotary compressors also initially usehis gas while those with screw compressors (and centrifugal)
switcheddirectly to R-134A. Some indoor'packages” (a#o-air ducted and also watair ducted still use
R-407C becauset is not conveniento redesign the appliances. High capacity water chillers (from 351 kW)
mainly use HFCLl34a; they are losing market shaRegarding R32, mono e multisjtl have started using
this refrigerantas a replacement for tie410A, in 2016 with a growing percentage that reached 40% in
2018(Assoclima[b], several years).

For the estimationthe percentage composition by type of refrigerant of the salesiglatpal to the
percentage distributioof the productiondata

Table 4.20 Percentage of R10A equipments by type of air conditioners, 1992018

Percentage oR-410equipments by type of air conditioners over the years

Type of equipment C‘E‘f\f\‘l‘;'w 19% | 2000 | 2005 | 2010 | 2015| 2016 | 2017 | 2018
Monoblock air  conditiong
without outdoor unit (ductabl 084 | 0.20 | 040 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
duct)
Room air Monoblock portable aif
- conditionerup to 3 kW (singl§ <=3 0.00 | 0.00 | 0.20 | 0.80 | 1.00 | 1.00 | 2.00 | 1.00
conditioner
duct)
Portable air conditioner wit
remote condenser up to 4 Kk <=4 0.00 | 0.00 | 0.20 | 1.00 - - - -
(split type)
Outdoor condensing _un| <=7 | 082 | 010 | 0.60 | 1.00 | 1.00 | 0.90 | 0.80 | 0.60
oNoseT Ennecd o mor i
ducted false ceiling) >7 0.82 0.10 0.60 0.99 1.00 0.90 0.80 0.60
Outdoor  condensing  uni
MULTISPLIT | Connected to indoor units (w: 0.82 | 0.10 | 0.60 | 1.00 | 1.00 | 0.90 | 0.80 | 0.60
floor installation, cassett
ducted false ceiling)
VRF Mini VRF <=16 0.80 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
(only external
condensing |\/pp >16 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
units)
Packaged, rog Verﬂca' d‘” horizontal indoor 0.00 | 0.00 | 0.00 | 0.00 | 0.50 | 0.50 | 0.50 | 0.50
top (ductable | PAckage
or not) Roof top 0.20 0.80 0.90 0.90 0.90 0.90
<=17 0.50 0.50 0.80 1.00 1.00 1.00 1.00
Precision air conditioning
>17 0.50 0.50 0.80 1.00 1.00 1.00 1.00
Only cooling 17 0.90 0.50 0.80 1.00 1.00 1.00 1.00 1.00
<=
Heat pump 0.90 0.50 0.80 1.00 1.00 1.00 1.00 1.00
Only cooling 18-50 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00
Heat pump 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00
Only cooling 51-100 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00
Heat pump 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00
Only cooling 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00
Air cooled |, 101-200
chiller eat pump 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00
Only cooling 201- 350 0.00 0.00 0.00 0.86 0.86 0.86 0.86 0.86
Heat pump 0.00 0.00 0.00 0.90 0.90 0.90 0.90 0.90
Only cooling 351- 500 0.00 0.00 0.00 0.80 0.80 0.80 0.80 0.80
Heat pump 0.00 0.00 0.00 0.95 0.70 0.70 0.70 0.70
Only cooling 501- 700 0.00 0.00 0.00 0.10 0.30 0.30 0.30 0.30
Heat pump 0.00 0.00 0.00 0.10 0.10 0.10 0.10 0.10
Only cooling 701-900( 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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