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PREFACE

The Institute for the Environment (Instituto do Ambiente)/ Ministry for the Environment, Spatial
Planning and Regional Development (Ministério do Ambiente, do Ordenamento do Territério e
do Desenvolvimento Regional), in accordance to its attributions as national entity responsible
for the overall coordination of the Portuguese inventory of air pollutants emissions, has
prepared the National Inventory of Greenhouse Gas (GHGs) Emissions and Sinks to comply
with international commitments under the United Nations Framework Convention on Climate
Change (UNFCCC) and the European Commission.

The Conference of Parties to the UNFCCC and the Council Decision 280/2004/EC, concerning
a mechanism for monitoring Community greenhouse gas emissions and for implementing the
Kyoto Protocol, define that each Party should provide each year an update of its inventory of
emissions and removals of Greenhouse Gases (GHG) not controlled by the Montreal Protocol,
taking into account the UNFCCC Reporting Guidelines on Annual Inventories. This includes a
report on annual emissions estimates (CRF tables), accompanied by a National Inventory
Report (NIR), describing the input data, methodologies, background information and
explanation on the whole process of inventory preparation.

This 2006 NIR report refers to the 2006 Portuguese Submission on GHG data (CRF tables).

This report goes beyond the UNFCCC scope, however, including also emissions estimates for
pollutants covered by the UNECE Convention on Long-Range Transboundary Air Pollution
(CLRTAP), to temporarily fulfil the requirements of CLRTAP reporting obligations, that require
that Parties should also submit an informative inventory report. In the future a specific and
independent report shall be produced to CLRTAP, however this goal was still not possible to
achieve this year.

Ministry for Environment, Spatial Planning and Regional Development



TABLE OF CONTENTS

o 5 - Tor - RSSO SSRS 4
TabIE OF CONTENTS. ...t r et r et r et r e 5
EXECUTIVE SUMMARY ..ottt me et an e b e bt e s b e n s e e sb e e nreenreeneannas i
Chapter: 1 - INTRODUGCTION ..ottt e b e bbbt st b et sbesbe e eneennennas 7
1.1 Background information on greenhouse gas inventories and climate change ...........cc.ccoevevevveviennn 7
Global Warming and Climate Change...........coeiiiiiiiiieiere et 7
Climate Change iN POMTUGAL...........couiiiiiiiiicit s 7

The Convention, the Kyoto Protocol and national commitments..........ccocveveveievenence s 8
History of National INVENTOTIES .........ccveieiiiiiie et e et e s beaneenaesnens 9
Greenhouse gas eMISSIONS INVENTOTIES ........ceiuiiiieeieierierie sttt se bbbt sn e 10
Global Warming POLENTIALS..........cceriiiiiieiree et eere 11

1.2 Institutional arrangements for iNVeNtory preparation..........ccccoevereriesesiessese e 11
Institutional arrangemeNnts iN PIACE........ccviiiiiic e sr e e 11

1.3 INVENLOrY Preparation PrOCESS. .......coiiiiiieieiiisie sttt sttt st sttt e bt sbe st neenee e nas 13
RESPONSADITITY ..ot 13
Calculation, data archiving and documentation SYStEM.........ccccuvveveriererierese e 14

1.4 General overview of methodologies and data SOUICeSs USE...........cccvveeeeieeiieiesese e 15
1.5 Brief description 0Of KeY SOUICE CAtEGOIIES. .......ccueiuiriiriirieeiieieie ettt sttt bbb 18
1.6 Information 0N QA/JQC ......cuiiieieieee sttt ettt e b re e nae e ns 19
1.7 General uncertainty @SSESSMENT ........cuevirieierirerieereeeesteree st e testesresre s e e e e seebesaesresresreareeseenseneeneenees 20
1.8 OVErview Of the COMPIEIENESS. .......coviiiiiiie et et sre b e be e enae e e eas 22
1.9 FULUIE JEVEIOPIMENTS ...ttt sttt bbbttt bbbt bttt e st e sb et e sbe b e et e bt ene e e eas 23
Chapter: 2 TRENDS IN PORTUGUESE GHG EMISSIONS .......cccootiiiiiiienetcenee e 24
2.1 Trends Of TOtal EMISSIONS ..ot 24
B B (1010 3 o) VA C - USRS 26

2.3 TIENAS DY SECOLOT ...ttt bbbt bt e e e e b sb e b e e b e be et e neene e e eneas 29



2.4 Indirect GHG and SOy BIMISSIONS .......cvevieriiiirieiiree s creeeeres s eresste s st s sbe s st e s sbessbesssbessrbessabesssbessaressaras 32

Chapter: 3 ENergy (CREF SECTON 1) ....ccoiiiiiiieieieeisie ettt et 33
3L OVBIVIBW ...ttt bbb bbb bbb bR bRt b bbbt r et 33
3.1.A Fuel Combustion Activities (CRF SECION LA).......ccoiiiiirieireriee sttt 34
3.1.B Fugitive Emissions from Fuels (CRF SECIOr 1B) ........cccooeveiiiinisesieeesesesee e e neenee e 36
A O (=10 [o] VAo U (oL PRSPPI 37
3.2.A Energy INAUSEIES (CRIF LAL) ..ottt et n 37
1.1.A.1 Public Electricity and Heat Production (CRF LALA) .......ccccecvirerineniinenese e 37
1.1.A.2 Petroleum Refining (CRF LALD) .....coivoieieece ettt e nne 51
1.1.A.3 3.2.A.3 Other Energy Industries (CRF LALC) ....ccccevveiieieeiieiese s ste e e e eee e e sre e snens 56
3.2.B Manufacturing Industries and Construction (CRF 1A2).......cccooeriiiiiieniieiieeeeee e 60
3.2.C TranSPOrt (CRF LA3) ...ttt bbbt bbbttt bt 119
K7 O R =TT o B I T4 ] o105 v LA o] o PSS 119
B.2.C. 2 RAIIWAYS.....coviuiieiiitiiet sttt bbbt 148
B2 C 3 AVIALION .ttt bt h b bbbttt bbb bt b e e e e e 151
3.2.C.4 Water Borne NAVIGATION ........ccoiiiiriiiciriiieiiee et 166
3.2.C.5 Other MODIIE SOUICES .....oviveiiiireiiisreeere s 172
BL2.C.0 ANNEXES ...ttt 180
3.2.D Other SECIOrS (CRF LAZ) ...ttt ettt sb et bbbt s s 187
3.2.E Fugitive Emissions from Fossil FUelS (CRF 1B) .......cccccooiiiiiiiiiiiieese e 198
1.1.A.4 Fugitive Emissions from Solid FUels (CRF 1B1) .....cccccovvivviviviiceiece e 198
1.1.A.5 Fugitive Emissions from Oil Production and Refining (CRF 1B2a) ..........ccccceevevveviennne 200
1.1.A.6 Fugitive Emissions from Natural Gas (CRF 1B2b) ........cccccooviviiiiiicie e 215
1.1.A.7 Other Fugitive Emissions (Geothermal Electricity Production) (CRF 1B2d) ................. 218

BB RECAICUIALIONS ...ttt bttt b ettt sb et eb e et b e b e 219
3.4 FUIhEr IMPIOVEMENTS ....c.viiiitisiecie ettt e e st e st te s aeeseene e s e e se e testestesneaneereaneeneeneens 220
3.5 REfErENCE APPIOACH ...ttt e b e teeneera e b e aens 221

RSN AN O A=Y AV 1<,V AR 221



TSI = 1Y 1=t d oo o] [0 YOS 221

3.5.C Actual Carbon DioXide EMISSIONS........ccoiiiriiiinieiisiees e 224
3.5.D Results. Comparison of Reference Approach and Sectoral Approach..........c.ccocvvevieienennnn 224
BB FEEASIOCK. ... ettt bbb bbb bbbt bbb et eb e 224
Chapter: 4 : INDUSTRIAL PROCESSES (CRF SECLOF 2) ....ccuiiiiiiiieriesienie e 226
4.1 OVEIVIBW. ...ttt stttk bbb e bt bR b £ R b bbb bbbt bt n et e b 226
4.2 RECAICUIALIONS ...ttt b et b bbb 228
4.3 CAEYOIY SOUICES. ....ceueeueereireste sttt sttt et ar bbbt b e e b e bRt s bbbt e st e e e s e b e nn e e n b anen bt e neeneas 229
4.3.A Mineral INAUSEIY (CRF 2A) ....oooce ettt st ne e aens 229
4.3.A.1 Cement Production (CRF 2AL1) .....cccociiiiiie sttt sttt s sne s 229
4.3.A.2 Lime Production (CRF 2A2) ..ottt et s 232
4.3.A.3 Limestone, Dolomite and Carbonate Use (CRF 2A3) ..o 236
4.3.A.4 Road Paving with Asphalt (CRF 2AB8) .......ccccviiiiiiieieieee e e s e anes 238
4.3.A.5 Glass Production (CRF 2A7) ... e et ree ettt steste e s enaesne e snesrennas 244
4.3.B Chemical INAUSY (CRE 2B) ..........oiveeeeeeeeeeeeeeseeeeseeeeseesesssseeesseess s esseeesse s ssse s 247
4.3.B.1 Ammonia Production (CRF 2BL) ........ccccciriiiiriiiiisiescnieiee st 247
4.3.B.2 NItFHC ACIH (CRF 2B2).......ocveeeeeeeeeeeeeeeeeeeeeeeeeseeeeee s s sees s ee s ee e e s eeseon 250
4.3.B.3 Non GHG emissions from Inorganic Chemistry and Fertilizer Industry .........cc.cccovevenie. 252
4.3.B.4 Organic ChemiCal INAUSEIY ........ccuoiiiiiiiiieiieie e 257
4.3.C Metal Production (CRF 2C) .......coiiiiiiiieiiee ettt bbb 262
4.3.C.1 Iron and Steel Production (CRF 2C1) ......cccviiviiiieieieeriese e e et sneenees 262
4.3.C.2 Ferroalloys Production (CRF 2C2) .......cciiiiiiiie e eeseee e sne s 267
4.3.C.3 Aluminium Production (CRF 2C3)......cccccieiiiiiisie e seeie et sre e et s re e s 268
4.3.D Other Production (CRF 2D)......cciiiiiie ettt st 268
4.3.D.1 Wood Chiphoard ProdUCLION ...........ccuoiiiiiiieisie et 268
4.3.D.2 FOOO AN0 BEVEIAQES. .. ..evveveieriesieiieeseeeesiestestestesseaseeeesses e stestesseaseesesnsesseseessessessessesnsesens 269
4.3.D.3 Paper Pulp ProdUCTION........c.coiiiiiiecieiese st re e ne e sr e reneas 272

4.3.E Consumption of Halocarbons and Sulphur Hexafluoride (CRF 2F) .........cociiiiiiiicicicn 273



I @ Y=Y V1Y 273

4.3.E.2 General MethodoIOgY........cccoviiiiiiiiieie st sre e 274
4.3.E.3 RECAICUIALION......cuiiciiieeicie st 275
4.3.E.4 FUIther IMPrOVEIMENT ......ocuiiiiiitirieieite ettt sttt et 275
G R R [0 10 4 (-] (3 - - W 275
N N Sl B o] 1o ol =y T T=T =L o] O 277
4.3.E.7 Commercial REfrIgEIatioN..........cuoiiiiiiiiiieie e 280
4.3.E.8 Transport REFrIgEration ..........o.eiuiiiiiiiiiiie e 285
4.3.E.9 Domestic Stationary Air CONAILIONING.......cccoiiviiirieireieiee e 288
4.3.E.10 Industrial Stationary Air Conditioning.........ccccceveiiiiiinieie e 291
4.3.E.11 Mobile Air CONAItIONING ......ccoiiiiiieieiiie et s sb e 294
4.3.E.12 FOAM BIOWING .....iiiiiitiiiiiitiiec ettt bbbttt 297
4.3.E.13 Metered D0SE INNAIETS .......oveiiiiiiiee s 300
4.3.E.14 FIre PrOtECHION ...eueivettieeiecsiet ettt 301
4.3.E.15 EIECtriC EQUIPMENT ..ottt et 302
Chapter: 5 : Solvent and Other Product Use (CRF 3) .....cccoi i 306
5.1 OVEIVIBW. ...ttt R ettt 306
5.2 RECAICUIALIONS ...tttk b et 307
RN -1 (=T [0 VT T (o] £ T OSSP U PO PTURTURTUUURPRTN 308
5.3.A Paint Application (CRF 3A) ..ottt st 308
5.3.B Degreasing and dry cleaning (CRF 3B) ......ccccoviiiiiieiesieeieeie st sneens 315
5.3.C Chemical products, manufacture and processing (CRF 3C) .....cccovvivevierievcnieniennsese e 317
5.3.D Other use of solvents and related activitiesS (CRF 3D)......ccccccviiiieiineiicieccce e 323
5.3.D.1 OVEIVIBW ...ttt ettt e bbbttt b e b s bt bt e bt e me e e e b et sbe et e e beene et e ane e 323
B.3.D.2 PIINTING 1.ttt b bbbt bbbttt bbb 323
5.3.D.3 Edible and non edible 0il EXIraCtion ...........cocoeiriiiinii s 327
5.3.D.4 GIUES AN AUNESIVES......c.civiiiiiiieiiiiieieisie ettt 330

5.3.D.5 W00 PrESEIVALION.......uceiiitiiieicttie ettt e e ettt e s ettt e e s st e e e s st e e s sbb e e e s sabee e s sabaeessbeseesssbanessrbenas 332



5.3.D.6 Perfumes and COSMELICS USE........ccuiiiriiiiriiiiieiiee st stes st stes st saessrae s srae s sate s sraessree e 333

5.3.D.7 Waxes and polishing ProdUCTS ..........ccvieiieieiiicie et sre s 334
5.3.D.8 S08PS aNU DELEIGENES. .....cuiitiitiiieetieiieie ettt b ettt e b et sbesbe s e 335
5.3.D.9 Uses of Solvents from DIOMASS .........ccoeiiiiiiiiieeese e 336
5.3.D.10 Other uses of synthetic solvents from fossil fuels...........cccocvvovvieiciencni i, 337
Chapter: 6 : AGriCUITUIe (CRF 4) ..o e 339
8.1 OVEIVIBW ...tttk b et b et b e bbb bbb b e e Rt ekt e R e bt e Rt e ekt eb e e e bt e b e bt e b e b e nnes 339
6.2 RECAICUIALIONS ...ttt b ettt sb et eb e et sb e eb e 341
LI I Lo TN ot or L =T o] 1SS 344
6.3.A CH4 Emissions from Enteric Fermentation in Domestic Livestock (CRF 4A)..........ccccccu.... 344
6.3.B CH4 Emissions from Manure Management (CRF 4B)........cccociiiiiriiiiiiiniie e 364
6.3.C CH4 Emissions from Rice Cultivation (CRF 4C)........cccooeiiiiiiniiineiee e 372
6.3.D N20 Emissions from Manure Management (CRF 4B) ........ccccvovviiieerieienese e seseanens 374
6.3.E Direct N20 Emissions from Agricultural Soil (CRF 4D1) ......c.cccocvviviieiiiicie e 382
6.3.F Indirect N20 Emissions from Agriculture (CRF 4D2) .......cccooiiiiiiiiiiiiee e 402
6.3.G Field Burning of Agriculture Residues (CRF 4F)........cocociiiiiiiniecee e 407
6.3.H NH3 Emissions from Volatilization of Fertilizers ...........ccueorniiniiinnicseenes 412
Chapter: 7 Land-use, LAND-USE Change and Forestry (LULUCF) (CRF 5).......cccccocvvvniininnncnn. 419
7L OVBIVIBW.....ceieetete ettt b et b et h e b e bbb e bbbt e Rt ekt e R ekt e b e e e bt en e e bt ab e b e nnes 419
7.2 SOUFCE CALEYOTTIES ...veteteieteete ettt ettt ettt ettt bbbt se st eb e sb e bt e b s e e bt e bt ne e bt ebene et e ebenn et e abe e ebennes 420
A N o €15y I T o I (O ) SR 420
7.2.A.1 Forest Land remaining Forest Land (FF)........cccooe i 420
7.2.A.2 Land Converted to FOrest Land (LF) ......ccooviviieiiiccic e 434
7.2.B Cropland (CRF 5 B).........iveeeeeeeeeeeeeeseeoeseeeeseesseeeseee s ees e esse s es s ess s 434
7.2.C Grassland (CRF 5 C) ..ottt bbbttt 434
7.2.D Wetlands (CRF 5 D) ...ocuviiiiiiiieieiiese sttt ettt sna e aesaesbesaesnesneenaenenneanens 434
7.2.E Settlements (CRF 5 E) ...coiiiiiie ettt sttt sttt st sa bt sbesre e eneas 434

7.2.F Other Land (CRF 5 F) ..o 435



P R I 14 1o IO T O 1 V=1 1 o o 435

T.2.G. 1 OVEIVIBW ..ottt ettt ettt bbbttt e b et n et e s et ne b e 435
7.2.G.2 MENOUOIOQY ... eeieeiieeeie ettt bbbt bbb e b bbb ne b e ne e 436
7.2.G.3 Emission FActors and PArameters ..........cooeurereirerieisiesiees e 439
7.2.G.4 ACHVILY DALA.......coviiieiiesice ettt a b et st e sre s e enaeneneneeneens 444

7.3 RECAICUIALIONS ...t bbbttt b et 454
7.4 UNCErTAINTY ANAIYSES ...ttt bttt b et b e b e bt e b e e e et e sbesbesbeabeeneas 455
7.5 FUPNET IMPIOVEMENTS ...ttt bbbttt bt 458
Chapter: 8 WaSEE (CRF B) ......coiiiiiaiiieie ittt ettt st bbbttt e e b e b e bt e benbe b eneenes 459
8.1 OVEIVIBW. ....eeeeteett ettt bbb bt bbb et E bt E bR bbbt n et r e 459
8.2 SOUICE CABGOIIES ...ttt ettt sttt be et et s b e bbbt e st et e b e sb e be s bt eb e e b e eneeneene e benbesbenbeaneaneas 462
8.2.A Solid Waste Disposal on Land (CRF 6 A)......cooiiiiiiiiiicee e 462
8.2.A.1 CH4 emissions from Solid Waste Disposal Sites (SWDS).......cccovevvervvereiiennsesesennenn, 462
8.2.A.2 COVNM emissions from Solid Waste Disposal Sites (SWDS) .......ccccecevevivinieieareennnn, 470
8.2.A.3 NH3 emissions from Solid Waste Disposal Sites (SWDS) .......ccccooeieriiiieninenesieee 470
8.2.A.4 NH3 emissions from Compost ProdUCLION ...........cccoeriiirieinininseseee e 470
8.2.B Wastewater Handling (CRF 6 B) .......cccvviviiiiiieiice sttt 471
8.2.B.1 DOMESLIC WASIEWALET ...ttt 471
8.2.B.2 INAUSEITAl WESTEWALET ........covivieiiiitiiieieteeeest ettt 480
8.2.C Waste INCINEration (CRF B C) ......coiiiiiiiiiii ettt sttt sne s 489
8.2.C.1 CO2Z BIMISSIONS ....evverrerireereenes ettt n et n et n s 489
8.2.C.2 NON-CO2 BIMISSIONS .....vverreiereareiesreree et n et sr e enene s 491
8.2.D OhEr (CREF B D) .....oveoeeeeeeeeeeeeeeeeeeeeeeeeeseeseeeeeeessees e ee s es s es e esseee e es e es s ee s es e ee s ee s ens e s 493
8.2.D.1 CO2Z BIMISSIONS .....c.viietieeiietisteeet sttt ettt ekttt b bbbt b bbb 493
8.2.D.2 NON-CO2 EMISSIONS......cutueiiirtiieiirteieiisteieieste ettt sttt bbbt bbbt 494

8.3 UNCEIrTAINtY ASSESSMENT......c.uiiiiiteiieeteeeeieriestestestestesreeseeseesee e seestestesresseenseseessenseseessessesseeseaneanseseens 495
8.4 RECAICUIALIONS ...t bbbt 497

8.5 FUIhEr IMPIOVEMENTS .......oouiiiiiiiii ettt bbbttt e e bbb bbb e e e enee e 498



8.6 Annex WASTE: Background Data TabIES .......c..ccciuerereiiieie st 500

Chapter: 9 NMVOC Biogenic EMISSIONS ........ccouiiriiiiiriiisinieise et 505
0.1 OVBIVIBW ...tttk ettt h et b e bbb £ e bbbt e bbb e e Rt e bt e h e ekt e b e ekt e n e bt ar e enennes 505
0.2 MEENOTOIOY ...ttt bbb bbb bbb 505
9.3 EMISSION FACIOTS ......ciiteiieirecrs et 506
LB Y ox (V71 Y D L - PSRRI 510
9.5 RECAICUIALIONS ...ttt sb et r e sr e e eneenes 514
9.6 FUINET IMPIOVEMENTS .....iviitiitieciiite ettt bbbttt bbbttt bbb 514

Chapter: 10 Recalculations and iMpProvVEMENTS ...........occiiiiiiere i e 515
10.1 Implications for emMISSIONS IEVEIS .........ccccvcieiiic et 515
10.2 Implications fOr @MiSSIONS trENGAS .........ciuiieiieieie e e 519
10.3 FULUFE IMPFOVEIMENTS ...ttt ettt sttt et b e bbb e bt ab e e et e ebe et e abe e b 520

LLIST OF ACTONYIMIS ...ttt e bbb bbb et e st eb e b e s bt b e e bt bt eb £ e e et e nbesaenbesbe et e ane e 521

BIDIIOGIAPRNY ..ot bbb bbb et benas 526

ANNEX A: Key Category ANAIYSIS......civiiviieieriiresiestesesesteseetesee s este e s e stesresseseeseeseesseseessessessessessenns 537
AL INEFOAUCTION. ...ttt b bbbttt bbbt b ettt b bbb bbb 537
A. 2 Methodology for key source identification: Portuguese inVeNtory .........cccccevevevieveniesesnsiennennns 537
A.3 Presentation Of FESUILS ... 539

Annex B: Uncertainty Analysis Methodology .......ccccveiviieieiiiiiesise e 574
B.L INEFOTUCTION. ...ttt bbb bbbttt b et b et et b et e 574
2 TN V1= 1 ToTo fo] [T )Y UL PSP 574

SRR 1o (00 R I L 576



Portuguese National Inventory Report Executive Summary

EXECUTIVE SUMMARY

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

As a Party to the United Nations Framework Convention on Climate Change (UNFCCC),
Portugal is requested to provide each year an update of its inventory of emissions and removals
of greenhouse gas not controlled by the Montreal Protocol, taking into account the adopted
Reporting Guidelines on Annual Inventories (FCCC/SBSTA/2004/8).

The UNFCCC Guidelines require that Parties prepare a National Inventory Report (NIR) as one
part of their annual submissions. The NIR should contain detailed and complete information
related to methodologies, emission factors, activity data, and should give explanations
concerning any recalculations of historical inventories, in order to ensure transparency and
enable the inventory review.

This report was prepared in order to comply with the international commitments under the
UNFCCC and the European Commission (EC). It presents a description of the methods,
assumptions and background data used in the preparation of the 2006 national inventory
submission of GHG. The Revised (1996) IPCC Guidelines for National Greenhouse Gas
Inventories (IPCC,1997) and the Good Practice Guidance and Uncertainty Management in
National Greenhouse Gas Inventories (IPCC,2000) have been applied as far as possible.

The report presents estimates for the 6 gaseous air pollutants included in Annex A to the Kyoto
Protocol: carbon dioxide (CO,), methane (CH,), nitrous oxide (N,O), hydrofluorocarbons (HFC),
perfluorocarbons (PFC) and sulphur hexafluoride (SFg), as well as estimates for indirect GHGs,
including carbon monoxide (CO), nitrogen oxides (NOy), and non-methane volatile organic
compounds (NMVOC). Data are also reported for sulphur oxides (SO,). The period covered is
1990-2004.

The report is structured generally in accordance with the adopted UNFCCC Reporting
Guidelines on Annual Inventories (FCCC/SBSTA/2004/8).

Furthermore, the report includes information on pollutants covered by the UNECE Convention
on Long-Range Transboundary Air Pollution (CLRTAP), which will serve in the future the
reporting requirements under LRTAP Convention. The pollutants covered are: ammonia (NH3),
Particulate Matter (PM, PM10, PM2.5 and PM1.0) and heavy metals. The NIR covers also
biogenic NMVOC emissions resulting from vegetation foliage, which emissions are also not
included in UNFCCC emission reporting.

The inventory covers the whole Portuguese territory, i.e., mainland Portugal and the two
Autonomous regions of Madeira and Azores Islands. Includes also emissions from air traffic and
navigation bunkers realized between all national areas.

Changes in methodology, source coverage or scope of the data were reflected in the estimation
of the emissions for all years in the period from 1990 to 2004, i.e., the inventory is internally
consistent.

The report is structured according to the following source sectors: energy production and
transformation, combustion in industry, domestic, agriculture, fisheries, institutional and
commerce sectors, transportation (road, rail, maritime and air), industrial production and
industrial and non industrial use of solvents, waste production (urban, industrial and hospitals
solid wastes, and domestic and industrial waste water treatment), agriculture and animal
husbandry emissions, as well as emissions and sinks from forestry.

MAOTDR INSTITUTO DO AMBIENTE



Portuguese National Inventory Report Executive Summary

ES.2 Summary of national emissions and removal related trends

In 2004, total Portuguese GHG emissions without land-use, land-use change and forestry
(LULUCF) were estimated about 84.4 Mton CO2eq., representing an increase of 41%
compared to 1990 levels. Under the EU burden-sharing agreement, Portugal is bind to limit its
emissions to +27 per cent compared to the 1990 level. Comparing the 1990-2004 growth with
the linear target path from 1990 to 2010, Portuguese GHG emissions were, in 2004, 21.8 per
cent above this target path (Figure ES. 1).

Figure ES. 1 — GHG emissions (without LUCF)
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Despite the positive effect in emissions levels of some measures, such as the introduction of
natural gas (1997), the new combined cycle thermoelectric unit of natural gas (1999), the
progressive installation of co-generation units, the amelioration of energetic and technologic
efficiency of industrial processes, and the improvement of fuels quality, the overall trend of
Portuguese emissions is still growing, even if in recent years, at a more moderate rate.

The principal source of GHGs in Portugal is associated with the energy sector and is primarily
related to fossil fuel combustion. The largest gas emitted is CO, which represented in 2004 77.9
per cent of total GHGs emissions in global warming potential (GWP) weighted emissions. The
majority of these emissions are generated in energy-related activities, which are responsible for
approximately 90 per cent of total CO, emissions in the same year.

Energy-related CO, emissions are dependent on the type of fuel and its carbon intensity. In
average, during the period in consideration, 84 per cent of the primary enegy consumed was
produced from fossil fuel combustion (coal, oil and natural gas); the percentage of renewable
energy represents the remaining part, i.e. 16 per cent in average.

Figure ES. 2 illustrates the growth of GHG in the period 1990-2004. CO, is the gas having
registered the biggest increase (51.5%). Portugal has chosen 1995 as the base year for
fluorinated gases. However, F-gases are excluded from the figure as they represent a small
fraction of the emissions total (in 2004: 0.4%).
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Figure ES. 2— Increase of emissions by gas over the 1990-2004 period

CO2 51.5
N20 12.3
CH4 9.2

The overall trend for direct GHG emissions in the 1990-2004 period are presented in Table ES.
1.

Table ES. 1 — GHG emissions and removals in Portugal by gas: 1990-2004

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
GHGs EMISSIONS

CO, equivalent (Gg)

Net CO, emissions/removals 47015 47668 49727 47760 47849 51330 47093 50 174 54217 61420 59820 61311 64 974 72 200 63 %1
CO, emissions (without LUCF) 43 366 45181 49326 47925 49 138 53131 50 258 53543 58234 64894 63762 65018 69 250 64 600 65717
CH, 1379 1733 11557 1579 12087 122520 12530 276 13292 13507 12457 12330 12663 13 105 12365
N,O 5377 5412 5374 5282 5554 5706 6003 6003 5755 6 174 6 154 6 169 6291 5784 6033
HFCs JA,NE,NO VA,NE,NONA NE,NO 1 2 10 19 33 53 92 139 172 214.30 30125 357.73
PFCs JA,NE,NO VA,NENNONANENONANENOWVANENO NANO NANO NANO NANO NANO NANO NANO NANO NANO NANO
SFs 2 2 2 3 3 3 3 3 3 4 5 5 457 457 3.44

Total (with net CO, emis./removals) | 63 772 | 64 815 66 661 64 624 65495 69 569 65647 68 930 73 321 81198 | 78 57579 986 84147 91395 81900

Total (without CO, from LULUCF) |60 123 |62 328 |66 260 64 790 66 784 | 71370 68 812 72 299 | 77 337| 84 671 82 517 83 693 88423 83795 84476

Total (without LULUCF) 59 953 62 061 66 175 64 739 66 755 71184 68 747 72 275 | 77215 84 605 82 371 83 596 88285 83187 84355

NE - not Estimated; NO - not occurring

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

According to the UNFCCC Reporting Guidelines, emissions estimates are grouped into six large
sectors: Energy, Industrial Processes, Solvent use, Agriculture, Land-Use Change and Forestry,
and Waste. Figure ES. 3 and

Figure ES. 4 present direct GHG emissions by sector for 1990 and 2004, respectively.
Emissions have risen for all sectors.

Throughout this report, the reference to “total emissions” is meant to refer to “total emissions
without LULUCF on a carbon equivalent basis”.
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Figure ES. 3 — GHG emissions in Portugal by sector: 1990
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Figure ES. 4 — GHG emissions in Portugal by sector: 2004
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Using this aggregated division, Energy was by far the most important sector, accounting for
72.0% of total emissions in 2004, and showing an increase of 51.2% over the 1990-2004
period. Energy industries and transport are the two most important sources representing
respectively 25.3% and 23.8% of total emissions. This reflects the country heavy dependence
on fossil fuels for electricity generation (which continues to grow following the continued
increase of electricity demand) and transport sources. Transportation sources, which are largely
dominated by road traffic, are one of the sectors that are rising faster. In the period 1990-2004
these emissions increased 99.4%, due to the steady growth of vehicle fleets and road travel, in
association with the increase in family income and the strong investment in road infrastructure
of the country, that was done in the 90s decade. Indirectly the increase in road traffic activity
also augmented the emissions from fossil fuel storage, handling and distribution.

Agriculture was the second most significant source of GHGs emissions (9.8% of total
emissions). Waste and Industrial processes represented, respectively, 9.4% and 8.4% of
Portuguese emissions in 2004, recording an increase of approximately 53.5% (industrial
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processes) and 12.5% (waste). Solvent use represents less than 1% of total emissions, and is
mainly related to NMVOC emissions1.

Estimates of emissions and sinks from land use change and forestry category, show that this
category was a net emitter in 1990 (3.8 Mt CO2 eq.) and a carbon sink in 2004 (-2.5 Mt CO2
eq.): The situation was temporarily inverted in 2003, when this source appeared as a net emitter
(8.2 Mt CO2 eq.), and which was due to the exceptional occurrences and extention, in that year,
of forest fires.

Table ES. 2 presents the overall sectoral trend for direct GHG emissions in the 1990-2004
period.

Table ES. 2 — GHG emissions and removals in Portugal by sector: 1990-2004

GHGs SOURCE AND SINK 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
CATEGORIES CO, equivalent (Gg)

1. Energy 40169 41968 46328 44944 45548 48913 46348 49010 53357 60647 59 189 60440 64 441 60011 60 752
2. Industrial Processes 4626 4600 4370 4224 5031 5782 5536 6220 6465 6 170 6042 6 551 6957 6901 7100
3. Solvent and Other Product Use 220 234 243 236 253 256 275 285 290 285 290 304 3R 318 320
4. Agriculture 7878 7993 7855 7745 7985 8059 8360 8238 821 8324 8577 841 8473 7866 8240
5. Land-Use Change and Forestry” 3818 2753 486 -115 -1260 -1616 -3 100 -3345 -3894 -3407 -3 796 -3610 -4 138 8209 -2 455
6. Waste 7061 7266 7379 7592 7938 8 174 8228 8522 8884 9 179 8274 7888 8102 8091 7944
7. Other NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

ES.4 Information on indirect GHG and SO, emissions

Several gases do not have a direct influence in climate change but affect the formation or
destruction of other GHG. CO, NO,, and NMVOCs are precursor substances for ozone which is
a GHG. SO, produce aerosols, which are extremely small particles or liquid droplets that can
also affect the absorptive characteristics of the atmosphere.

Table ES. 3- Indirect GHG and SO, emissions: 1990-2004

Gas 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
emissions (Gg)
cO 952 1009 982 939 898 942 881 835 861 814 831 763 766 927 733
NOx 245 260 277 266 265 276 268 266 277 287 285 286 294 276 271
NMVOC 279 286 293 285 292 297 298 300 303 294 292 294 297 309 297
SO2 317 308 370 316 296 332 271 292 341 342 306 294 294 201 204

In 2004, SO, and CO emissions have decreased from 1990 levels: -35.7% and —23%,
respectively. The other gases, NMVOC and NOx emissions have increased, respectively, 6.4%;
and 10.5% (Table ES. 3).

Energy is the major responsible sector for emissions of NO,, SO, and CO. Its contribution for
NMVOC emissions is also significant, together with Solvent use and Industrial processes.

Within energy, transportation is responsible for the greatest share of CO, NO,, and NMVOC
emissions, respectively 45.5%, 40.1% and 18.3% of 2004 totals. Despite the fast growing trends
of the transport sector (mainly road) since the 90s, the introduction of new petrol-engine
passenger cars with catalysts converters and stricter regulations on diesel vehicles emissions,
limited the growth of these emissions or even its decrease. NO, emissions from transport
presented a 11.7% increase over the 1990-2004 period; CO and NMVOC recorded significant
reductions, respectively, —34.6% and —27.3%.

! These are converted into ultimate carbon dioxide after being emitted to atmosphere.
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SO, emissions are mainly generated in the energy industry sector (60.5% of total emissions in
2004) and combustion in manufacturing industries (21.4% of total emissions in 2004), which are
major consumers of fossil fuels. Oil and coal represent the biggest share of the fuel mix used in
thermal electrical production in the country, and they are in majority imported. However the
emissions variation in the period 1990-2004 shows a decrease in SO, emissions in both sub-
categories: energy industries —38.6% and manufacturing industries —46.1%. These tendencies
reflect the introduction of new stricter laws regulating the residual fuel oil (Decree-Law 281/2000
of 10th November). The introduction of natural gas and its increasing use, since 1997, is also
another positive factor that has contributed to control of SOx emissions.
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CHAPTER: 1 - INTRODUCTION

1.1 Background information on greenhouse gas inventories
and climate change

Global Warming and Climate Change

Although key greenhouse gases - CO,, CH,, N,O, Ozone — occur naturally in the atmosphere,
human activities have increased the atmospheric concentrations of greenhouse gases since the
pre-industrial era. Other substances which are exclusively produced by industrial activities are
also greenhouse gases: stratospheric ozone depleting substances (CFCs, HCFCs and halons
which are covered by the Montreal Protocol), and some other fluorine-containing halogenated
substances — HFCs, PFCs and SF6. There are also several gases that do not have a direct
effect in global warming but affect the formation or destruction of other GHG. CO, NO,, and
NMVOCs are precursor substances for ozone which is a GHG. SO, produce aerosols, which
are extremely small particles or liquid droplets that can also affect the absorptive characteristics
of the atmosphere.

Land-use and Land-use change, particularly deforestation, is another factor that contributes to
the phenomenon of global warming and climate change as it changes carbon stocks and carbon
sequestration and consequentely the CO, fluxes from and to the atmosphere.

According to the IPCC, the average surface temperature of the earth has risen by about 0.6-
0.7°C in the past 100 years and will rise by another 1.4-5.8°C in the next 100 years, depending
on the emission scenario.

An increase in global temperatures can result in a cascade of environmental effects, including
the rise of sea level and changes in the amount and pattern of precipitation. These changes
may increase the frequency and intensity of extreme weather events, such as floods, droughts,
heat waves, hurricanes, and tornados. Other consequences include higher or lower agricultural
yields, glacial retreat, reduced summer stream flows, species extinctions and increases in the
ranges of disease vectors.

Climate Change in Portugal

The mean temperature has risen in all regions of Portugal since the 1970s, at a rate of
approximately 0.45 °C/decade. The time-series analysis of the mean annual temperature since
1931 shows that 1997 was the warmest of the last 75 years and that 5 of the 10 warmest years
occurred in the 1990s (1997, 1995, 1996, 1990 and 1998).

An analysis of temperature indices indicates that the increase of the mean temperature was
accompanied by a change in the frequency of very hot days and a decrease in the frequency of
very cold ones.

The heat wave duration index has also been rising. Heat waves are defined when, in a period of
at least 6 consecutive days, the daily maximum temperature is 5 °C higher than the daily mean
value of the reference period (1961-1990). Although they can occur at any time of the year, heat
waves have a more significant impact in the summer months. Heat waves were more frequent
in the 1990s. The heat waves of 1981, 1991, 2003 and, more recently, the two registered in
June 2005 were of particular significance due to their duration and spatial extension.

The last 2 decades of the 20" century were particularly dry in mainland Portugal as opposed to
the average values registered between 1961 and 1990. In fact, only in 6 of the last 20 years of
the past century was the annual precipitation higher than the average. In 2001 and 2002,
however, the annual precipitation values were higher than the average observed in the

MAOTDR INSTITUTO DO AMBIENTE



Portuguese National Inventory Report Introduction

reference period. The driest of the past 75 years was 2005, and 2004 was the second driest on
record.

The seasonal trend in the mean precipitation values recorded since 1931 shows a systematic
and statistically significant reduction in precipitation in the spring over the last three decades of
the 20th century, with slight increases during the other seasons. In 2000 and 2001, spring
precipitation rose to values not observed since the late 1960s.

Annual variability of winter precipitation increased over the last 30 years, with the occurrence of
both drier and rainier winters. The winter of 2000/2001 was particularly rainy (the third most
rainy of the last 30 years), and winter of 2001/2002 was the fifth driest of the last 3 decades.
The winter of 2004/2005 was the driest winter observed in the last 75 years.

All models from the different scenarios forecast a significant increase in the mean temperature
for all regions of Portugal until the end of the 21st century. In the mainland, summer maximum
temperature increases are estimated to vary between 3 °C and 7 °C in coastal and interior
areas, respectively, accompanied by a strong increment in the frequency and intensity of heat
waves.

With regard to precipitation, future climatic uncertainty is considerably stronger. Nevertheless,
most models project a reduction in total precipitation in all regions, with more intense periods of
rain in shorter time frames in the winter.

The Convention, the Kyoto Protocol and national commitments

The United Nations Framework Convention on Climate Change (UNFCCC) appeared as an
answer of the international community to the emerging evidences of climate change and was
adopted and was opened for signature in Rio de Janeiro in 1992.

Portugal has ratified the United Nations Framework Convention on Climate Change (UNFCCC)
on May 31, 1994. The ultimate objective of the Convention is the “stabilisation of greenhouse
gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic
interference with the climate system.”

The Kyoto Protocol, adopted some years later in 1997, represents a deepening in the
commitments inscribed in the Convention. The Protocol introduced legally binding commitments
for developed countries to reduce their collective emissions of greenhouse gases by at least 5%
by the period 2008-12 (first commitement period of the Protocol), below their 1990 level.

Portugal signed and ratified the Kyoto Protocol on April 29, 1998, and 31 May, 2002,
respectively. The EU as a whole agreed to a -8% reduction. Under the EU burden-sharing
agreement Portugal is commited to limiting its emissions to +27% compared to the 1990 level in
the first commitment period.

The KP entered into force on 16 February 2005, after Russia’s ratification in November 2004
which fulfilled the requirement that at least 55 Parties to the Convention, including developed
countries accounting for at least 55% of that group’s CO, emissions in 1990.

Detailed rules for the implementation of the Protocol were set out at the 7" Conference of the
Parties (in Marrakech) and are described in the Marrakech Accords adopted in 2001. At the first
Conference of the Parties serving as the Meeting of the Parties to the Protocol (COP/MOP) held
in Canada (December 2005) the rules for the implementation of the Protocol agreed at COP7
were adopted.

At present, international negotiations are focused on future commitments for the period after
2012.
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History of national inventories

Air emission inventories in Portugal were only initiated in the late ninety-eighties/ early nineties
when the first estimates of NO,, SO, and VOC emissions from combustion where made under
the development of the National Energetic Plan (PEN - Plano Energético Nacional), and
emissions from combustion and industrial processes were made under OECD inventory and
under CORINAIR85 program. A major breakthrough occurred during the CORINAIR90 inventory
realized during 1992 and 1993 by General-Directorate of Environment (DGA, renamed now |A).
This inventory exercise, aiming also EMEP and OECD/IPCC, extended the range of the
pollutants (SO,, NO,, NMVOC, CH,, CO, CO,, N,O and NH3) and emission sources covered,
including not only combustion activities but also storage and distribution of fossil duels,
production processes, use of solvents, agriculture, urban and industrial wastes and nature
(forest fires and NMVOC from forest). Information received under the Large Combustion Plant
(LCP) directive was also much helpful to improve inventory quality and the individualization of
Large Point Sources, as well as statistical information received from the National Statistical
Institute (INE) allowing the full coverage of activity data for most emission sources. The
CORINAIR90 Default Emission Factors Handbook (second edition), updating the first edition
from CORINAIR85 was used extensively in the development of the current inventory and it was
also a key point in the amelioration of the inventory.

The fulfilment of international compromises under conventions UNFCCC and CLRTAP, together
with the publication of the IPCC Draft Guidelines for National Greenhouse Gas Inventories
(IPPC, 1995) and latter of the Revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories (IPCC, 1997), has result in substantial improvement of the methodologies that are
used in the inventory, particularly for agriculture and wastes, and that were included at first time
in the First National Communication in 1994. The inventory that resulted from CORINAIR90
(CEC,1992) and subsequent modifications from IPCC methodology still structures the present
day methodology in what concerns activity data and methodology. Under the evaluation of the
first communication the inventory was subjected to a review made by an international team. The
second and third communications was also reviewed by international experts. These exercises
had an important role in problem detection and contribute to overall improvement.

Since its first compilation, the Portuguese inventory has been continuously amended mainly
from the use of more detailed methodologies, better access to underlying data allowing the
development of the comprehensiveness of the inventory, and better database storage and
calculation structure. Changes in methodology, source coverage or scope of the data were
reflected in the estimation of the emissions for the different years considered (1990-2004), i.e.,
the inventory is internally consistent. Some major studies have contributed to the improvement
of the inventory:

- Study of VOC emissions in Portugal, in 1995. This study made in collaboration with
FCT (Faculdade de Ciéncias e Tecnologia) led to an important improvement in emission
estimates from solvent sector, which is still used as basic information source for this
sector;

- Study of Emission and Control of GHG in Portugal (Seixas et al, 2000). This project
aimed the first development of projections toward 2010 and the identification of control
measures to accomplish the Kyoto Protocol. This also led to improvements in the
inventory: extension of the inventory including for the first time also carbon dioxide sinks
(forest); a fist attempt to estimate solid waste methane emissions from urban solid
wastes using a Tier2 approach and, in general terms, a better insight into additional
parameters used in the inventory methodologies, and that has resulted from interaction
with several institutional agents: General Directorate of Energy, Ministry of Agriculture;
and the inter-ministerial transport group;

- Study (Pereira et al,2002) for the quantification of carbon sinks in Portugal, made
under the development of PNAC and PTEN national programmes;
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- Revision of the Energy Balances with comparison of information collected at IA (LCP
Directive) and Statistical Information received at DGGE: Energy Balances. The 1990s —
DGE (2003);

-PNAC 2004 (National Plan for Climate Change) approved by Ministers Council and
published recently in the National Official Journal (OJ n° 179, 31 July 2004, | Série B/
Resolugéo do Conselho de Ministros n° 119/2004);

- PNAC 2006 (National Plan for Climate Change) approved by Ministers Council and
published in the National Official Journal (OJ n° 162, 23 August 2006, | Série B/
Resolugéo do Conselho de Ministros n° 104/2006)

- Sectorial Studies and Proposal for a PTEN (National Plan on Emission Ceilings);

- PNALE (National Plan for Allocation of Emissions) 2005-2007 or Portuguese PNALE |,
adopted by Ministers Council (Resolugdo do Conselho de Ministros n.o 53/2005) and
published in the National Official Journal (OJ n° 44, 3 March 2005, | Série B/;

- Bilateral meetings (IA/UE) for the determination of the Baseline Scenario under the
CAFE program (1A,2004);

- Methodological Development Programme (PDM) under the implementation of the
National Inventory System;

- UNFCCC reviews, in particular the in-depth review (September/October 2004), and
the centralised review (October 2005).

Greenhouse gas emissions inventories

Parties to the Convention (Article 4(1)(a)) “shall develop, periodically update, publish and make
available to the COP,...., national inventories of anthropogenic emissions by sources and
removals by sinks of all greenhouse gases not controlled by the Montreal Protocol, using
comparable methodologies...”.

Portugal, as a Party to the Convention, is required to produce and regularly update National
Greenhouse Gas Inventories. Furthermore Parties shall submit a National Inventory Report
(NIR) containing detailed and complete information on their inventories, in order to ensure the
transparency of the inventory.

The inventory covers the 6 gaseous air pollutants included in Annex A to the Kyoto Protocol:
carbon dioxide (CO,), methane (CH,), nitrous oxide (N,O), hydrofluorocarbons (HFC),
perfluorocarbons (PFCs) and sulphur hexafluoride (SFe), as well as estimates for indirect
GHGs, including carbon monoxide (CO), nitrogen oxides (NO,), and non-methane volatile
organic compounds (NMVOC). Data are also reported for sulphur oxides (SO).

Furthermore the National Inventory includes, under the UNECE/CLRTAP Convention, emission
estimates of ammonia (NH;), Particulate Matter and Heavy Metals. Emissions are estimated for
each civil year from 1990 to 2004.

As a general rule the inventory covers emissions realized in the whole Portuguese territory, i.e.,
mainland Portugal and the two autonomous regions of Madeira and Azores Islands. The only
exception to this rule, which results in an inconsistency, refers to data for the two Portuguese
islands in what concerns Land Use Change and Forestry (IPCC category 5) which have not
been compiled; therefore this category refers only to mainland Portugal. Emissions from air
traffic and navigation realized between places in territorial Portugal, including movements
between mainland and islands, are also include in national emission total.
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The economic sectors covered are the following: energy production and transformation,
combustion in industry, domestic, agriculture, fisheries, institutional and commerce sectors,
transportation (road, rail, maritime and air), industrial production and industrial and non
industrial use of solvents, waste production (urban, industrial and hospitals solid wastes, and
domestic and industrial waste water treatment), agriculture, animal husbandry emissions, as
well as emissions and removals from forestry and land use change.

Global warming potentials

A Global Warming Potential (GWP) is defined as the cumulative radiative forcing over a
specified time horizon resulting from the emission of a unit mass of gas relative to some
reference gas (IPCC, 1997). The reference gas used is CO,. The mass emission of each gas
multiplied by its GWP gives the equivalent emission of the gas as carbon dioxide (CO,
equivalents — CO2 Eq.). The parties to the UNFCCC have agreed to use GWPs based on a
100-year time horizon (Table 1.1)

Table 1.1 — Global Warming Potentials (100-year time horizon)

GHG GWP
Co2 1
CH4 21
N20 310
HFC
HFC-23 11700
HFC-32 650
HFC-41 150
HFC-43-10mee 1300
HFC-125 2800
HFC-134 1,000
HFC-134° 1300
HFC-152° 140
HFC-143 300
HFC-143° 3800
HFC-227ea 2900
HFC-236fa 6 300
HFC-245ca 560
PFC
CF4 6 500
C2F6 9200
SF6 | 23900

1.2 Institutional arrangements for inventory preparation

Institutional arrangements in place

In order to comply with the commitments at the international and EC levels, respectively, the
Article 5(1) of the Kyoto Protocol and Decision 280/2004/EC of the European Parliament and of
the Council, a National Inventory System of Emissions by Sources and Removals by Sinks of
Air Pollutants - (SNIERPA) was created. This system contains a set of legal, institutional and
procedural arrangements that aim at ensuring the accurate estimation of emissions by sources
and removals by sinks of air pollutants, as well as the communication and archiving of all
relevant information.

The principal objective of the system is to prepare in a timely fashion the inventory of air
pollutants (INERPA), in accordance with the directives defined at international and EC levels, in
order to make easier and more cost-effective the tasks of inventory planning, implementation
and management.
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The system was established through Council of Ministers Resolution 68/2005, of 17 March,
which defines the entities relevant for its implementation, based on the principle of institutional
cooperation. This clear allocation of responsibilities is essential to ensure the inventory takes
place within the defined deadlines.

For the sake of efficiency, the Portuguese national system, has been broadened to include a
wider group of air pollutants than just GHG not covered by the Montreal Protocol, allowing for
improvements in information quality, as well as an optimisation of human and material
resources applied to the preparation of the inventory.

Three bodies are established with differentiated responsibilities. These are:

- The Responsible Body appointed is the Institute for the Environment (lA), being
responsible for: overall coordination and updating of the National Inventory of Emissions
by Sources and Removals by Sinks of Air Pollutants (INERPA); the inventory’s
approval, after consulting the Focal Points and the involved entities; and its submission
to EC and international bodies to which Portugal is associated, in the several
communication and information formats, thus ensuring compliance with the adopted
requirements and directives;

The sectoral Focal Points work with IA in the preparation of INERPA, and are
responsible for fostering intra and inter-sectoral cooperation to ensure a more efficient
use of resources; and

The involved entities are public or private bodies which generate or hold information
which is relevant to the INERPA, and which actions are subordinate to the Focal Points
or directly to the Responsible Body.

Table 1.2 lists the main focal points and involved entities, by sector of activity.
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Table 1.2 — Bodies that contribute information relevant to the preparation of the INIERPA
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1.3 Inventory Preparation Process

Responsability

The Institute for the Environment (Instituto do Ambiente - IA)/ Ministry for the Environment,
Land-Use Planning and Regional Development (Ministério do Ambiente, do Ordenamento do
Territério e do Desenvolvimento Regional), is the national entity responsible for the overall
coordination of the Portuguese inventory of air pollutants emissions. According to these
attributions, the Institute makes an annual compilation of the Portuguese Inventory of air
emissions which includes Greenhouse Gas (GHGs) and sinks, acidifying substances as well as
other pollutants. The reporting obligations to the EU and the international instances are also
under the responsibility of the IA.

The designated representative is:
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Instituto do Ambiente (Institute for the Environment)

Direccdo de Servicos para as Estratégias e Programas Ambientais (Department of
Environmental Strategies & Programmes)

Address: Rua da Murgueira, 9/9A, 2610-124 Amadora, Portugal
Telephone: +351 21 472 83 82

Fax: + 3512147190 74

Filomena Boavida - filomena.boavida@iambiente.pt

Calculation, data archiving and documentation system

The emissions calculations have been performed by IA and INVENTAR?, which also provides
technical advice concerning all aspects of inventory development: methodologies, sources of
information and emission factors, and participates in the annual definition of priorities
concerning the Methodological Development Programme (PDM). However many other
institutions and agencies contributed to the inventory process, providing activity data, sectoral
expert judgement, technical support and comments. All calculation and reporting rely in a set of
different Excel spreadsheet workbooks which had been developed in order that all information
and calculations occur automatically. The structure of the information system is outlined below.

Figure 1.1 — Electronic System Structure of the estimation and reporting system
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The information received from the several data suppliers is stored in its original format (paper or
magnetic). A copy of this information is converted into the working workbooks, where data is
further processed, linkage made and calculations performed, maintaining hence the integrity of
the original data sources.

The informatics system has been developed to answer to the various international obligations
and national needs. At present, the different demands refer to: UNFCCC (CRF format);
UNECE/CLRTAP (NFR format); LCP Directive (NFR format); as well national needs such as the
State of Environment Reports. There is independency between emission calculations and the
required structure necessary for each obligation which allow flexibility in the inventory.

In what refers to the maintenance of the annual inventory documentation, the information is
archived in a way that enables each inventory estimate to be fully documented and reproduced
if necessary. When major changes are done in methodology and emission factors, older
spreadsheets are frozen and work restarts with copies of those spreadsheets, making a clear
reference to the period when they were used. Minor corrections, which do not affect the
estimations, are not stored due to storage area limitations.

Annually reported data, e.g. CRF tables, are stored both in paper and magnetic format. |IA plans
to rebuild this informatics system, having found some limitations for its expansion, namely in
what concerns the storage of large amounts of data. This problem will be aggravated in the
future with the implementation of inventory improvements: spacialization of emission data,
connection to plant-specific monitoring programs and uncertainty analysis. The restructuring of
all the inventory system is under study and discussion.

1.4 General overview of methodologies and data sources used

The inventory has been compiled, to the extent as possible, in accordance with the
recommendations from the UNFCCC Reporting Guidelines on Annual Inventories (SBSTA 1999
and SBSTA 2002). The Revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories (IPCC,1997) and the Good Practice Guidance and Uncertainty Management in
National Greenhouse Gas Inventories (IPCC,2000) have been applied as far as appropriate and
feasible. Good Practice Guidance for Land Use, Land-Use Change and Forestry (IPCC, 2003)
has been implemented, as far as possible, for the compilation of this 2006 submision.

Table 1.3 gives an overview of the methodologies and emission factors used in the inventory.
Default methods and emission factors used and the choice between Tier 1 and Tier 2
approaches, were case by case dictated by the availability of proper background information
and from national circumstances.
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Table 1.3 — Summary of methods and emission factors (CRF summary 3 table)

GREENHOUSE GAS SOURCE AND SINK CO, CH. N, O HFCs PFCs SFe
CATEGORIES Meth‘od eF Meth.od EF Meth‘od EF
applied applied applied
[T Energy CRD.TLT2 |C CR.OTHTL JCR.D,OTH JCR 111213 JCR.D
A. Fuel Combustion RT1T2 Cl CRT1T2,T3 CR.,D,0TH CRT1T2,T3 CR.D
T Energy Industries C T. CR.D T CR.D
2. Manufacturing Ind.and Construction Cl T CR,D.OTH T. CR,D
3_Transport RILT2 C CR,TL12,13__|CR,D,OTH CR.TLT2,13 CR,D
4. Other Sectors Cl T CR.D T CRD
5_Other N NA N, NA N
B. Fugitive Emissions from Fuels D CR,OTH CR.OTH NA NA
1 Solid Fuels NA NA NA NA
2. Oiland Natural Gas D CR,0TH CR.OTH NA NA
2. Industrial Processes D,OTHT |CR.CS.D.OT .
A Mineral Products .D,0THT2 CR.CS,.D,OTH
~Chemical Industry CS,D,PS
. Metal Production

. Production of Halocarbons and SFg
. Consumption of Halocarbons and SFg
. Other
3. Solvent and Other Product Use
4. Agriculture

B
C
D. Other Production
E
F
G

Enteric Fermentation

Manure Management

Rice Cultivation

Agricultural Soils

o m| mf of o] @ >|

Other

g

d Use, Land-Use Change and Forestry

A_Forest Land

B. Cropland

C. Grassland

D. Wetlands

E. Settlements

F. Other Lang

G._Other

6. Waste

A. Solid Waste Disposal on Land

B. Waste-water Hand ling

C. Waste Incineration

D. Other

7. Other (as specified in Summary 1.A)

Notes:

(1) Methods applied: D (IPCC default), RA (Reference Approach), T1 (IPCC Tier 1), T1a, T1b, T1c (IPCC Tier 1a, Tier
1b and Tier 1c, respectively), T2 (IPCC Tier 2), T3 (IPCC Tier 3), C (CORINAIR), CS (Country Specific), M (Model).
(2) Emission Factors: D (IPCC default), C (CORINAIR), CS (Country Specific), PS (Plant Specific), M (Model), MB-

Mass Balance.

Table 1.4 gives an overview of the institutions and data sources providing data for the

compilation of the Portuguese emission inventories.
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Table 1.4 — Inventory Data Sources

Introduction

IPCC category

IPCC sub-category

Sources of data

CRF 1 A — Energy. Fuel Combustion

CRF 1A1 — Energy Industry

e Large Point Source Surveys (LPS)

o Large Combustion Plants (LCP)

« EDP

e General Directorate for Geology and
Energy (DGGE): energy balances

e Autonomous Gov. of Azores

» National Statistical Institute (INE)

CRF 1A2 - Manufacturing Industries
and Construction

e LPS, LCP, EPER/PCIP
* Regional Air Inventories
o DGGE: energy balances

CRF 1A3 — Transport

o DGGE: energy balances

o ACAP

¢ ANECRA

e Road Institute (IEP)

o INE

* General Directorate of Terrestrial
Transportation (DGTT)

* INAC

CRF 1A4 — Other Sectors

* DGGE: energy balances

CRF 1 B — Fugitive Emissions from
Fuels

* DGGE: energy balances and
statistical yearbooks
e GALP

CRF 2 — Industrial Processes

CRF 2A — Mineral Products

¢ LPS, LCP

¢ CIMPOR, SECIL

o DGGE: energy balances

o Portuguese Association of Producers
of Bitumen Materials (APORBET)

» European Asphalt Pavement
Association (EAPA)

e Technology Centre for Ceramics and
Glass (CTCV)

CRF 2B — Chemical Industry

* DGGE: energy balances
¢ LCP
o INE
* Regional Air Inventories

CRF 2C — Metal Production

 DGGE: energy balances
o LCP

e SN

* INE

* Regional Air Inventories

CRF 2D — Other Production

o LCP
» DGGE: energy balances
o CELPA

CRF 2F — Consumption of
Halocarbons and SF6

« INE

e APIRAC

e Data from Industry Importers-
e EDP, REN

CRF 3 — Solvent and Other Product
Use

o DGGE: energy balances
* Gen-Dir of Enterprise (DGE)
o INE

CRF 4 — Agriculture

o Ministry of Agriculture

» General-Directorate for Forest
Resources (DGRF)

o INE: agriculture survey

CRF 5 — Land Use Change and
Forestry

¢ DGRF
o IGP
o ISA

CRF 6 — Waste

CRF 6A — Solid Waste Disposal on
Land

» National Institute for Waste (INR)
« INE
* Quercus Survey

CRF 6B — Wastewater Handling

o National Institute for Water (INAG)
o INE

CRF 6C — Waste Incineration

¢ INR

» General Direction for Health/Ministry
of Health

o Data from Incineration Units
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1.5 Brief description of key source categories

Key source analysis to the 2006 Portuguese inventory estimates (1990-2006) was conducted
using both Tier 1 and Tier 2 approachs, using guidance from IPCC (2000). Level assessment
was undertaken for all years; the trend assessment was performed for the 1990-2004 period.
Both approaches have been applied in two steps: without and with the LULUCF sector.

The Tier 2 analysis without LULUCF resulted in the identification of 46 key categories. The
analysis with LULUCF resulted in the identification of 4 LULUCF categories, totalling 50 key
categories that are listed in the Table 1.5.
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Table 1.5 — Summary overview of Portuguese key source categories (1990-2004) based on Tier
1 and Tier 2 approaches

Tier 1 Tier 2 2004
_ . without LULUCF | with LULUCF without LULUCF | with LULUCF |emissions/r
Key Categories of Emissions and Activity Gas emovals
removals by Gas
Level Trend Level Trend Level Trend Level Trend | (kton CO2
eq.)

1A 3bRoad Transportation All Fuels CcOo2 X X X X X X X X 18708
1A 1a Public Electricity and Heat Production Solid Fuels co2 X X X X X X X 1961
1A 2f Other Liquid Fuels CO2 X X X X X X 418
1A 1a Public Electricity and Heat Production Gaseous Fuels co2 X X X X X X X X 3776
2 A 1Cement Production Production Quantities CO2 X X X X X X X 3538
4D AGRICULTURAL SOILS Input to Soils N20 X X X X X X X X 3267
1A 4 a Commercial / Institutional Liquid Fuels CO2 X X X X X X X X 362
1A 1a Public Electricityand Heat Production Liquid Fuels co2 X X X X X X X X 3033
4 A ENTERIC FERMENTATION Population size CH4 X X X X X X X 302
6A MUNICIPAL SOLID WASTE DISPOSAL ON SWDisposal on Land CH4 X X X X X X X X 2942
1A 1b Petroleum refining Liquid Fuels CO2 X X X 2475
1A 2f Other Gaseous Fuels C0o2 X X X X X X 2035
1A 4 b Residential Liquid Fuels CO2 X X X X X X 892
6A 3 Other Industrial Waste Disposal o CH4 X X X X X X X X BY
2B 1Ammonia Production Production Quantities CO2 X X X X X X X X 76
6B 1Industrial Wastewater Wastewater CH4 X X X X X X X X 656
1A 2 ¢ Chemicals Liquid Fuels CO2 X X X X 343
4B MANURE MANAGEMENT Animal Excretion CH4 X X X X X X X X 167
5 E2 Settlements Emissions/Removals CO2 X X X X sl
1A 4 ¢ Agriculture/ Forestry/ Fishing Liquid Fuels Cc0o2 X X X X X X X X 054
1A 2 e Food Processing, Beverages and Tobact Liquid Fuels CcOo2 X X X X 695
6B 2Domestic and Cor i CH4 X X X X X X X X 693
2B 2 Nitric Acid Production Production Quantities N20 X X X 605
4B MANURE MANAGEMENT Animal Excretion N20 X X X X X X X X 577
1A 2d Pulp, Paper and Print Liquid Fuels CO2 X X X X 576
1A 3b Road Transportation All Fuels N20 X X X X X X X X 563
1A 2f Other Solid Fuels CO2 X X X X X X X 539
1B 2a0il Liquid Fuels C0o2 X X X X X X X X 499
2 A 2Lime Production Production Quantities CO2 X X X X X X X X 437
1A 3aii Domestic Liquid Fuels C0o2 X X X X X X X 401
1A 2 ¢ Chemicals Gaseous Fuels Cco2 X X X X 388
1A 4 b Residential Gaseous Fuels Co2 X X X X 384
1B 2b Natural gas Gaseous Fuels CH4 X X X X X X X X 373
6B 2Domestic and Cor i N20 X X 352
1A 2d Pulp, Paper and Print Gaseous Fuels CcOo2 X X X X 334
1A 4 a Commercial / Institutional Gaseous Fuels Co2 X X X X 332
6 C WASTE INCINERATION Waste Incinerated Co2 X X X X X X X X 330
1A 4 b Residential Biomass CH4 X X X X X X 309
2 F 1Refrigeration and Air Conditioning Equipme Consumption HFC X X X X X X 283
1A 2 e Food Processing, Beverages and Tobac( Gaseous Fuels Cco2 X X 248
1B 2d Other (Geothermal) Energy Production CO2 X X 244
6B 1industrial Wastewater Wastewater N20 X X X X 228
1A 3dii National navigation Liquid Fuels CO2 X 21
4CRICE CULTIVATION Culture Surface CH4 X X X X X ©4
5B Cropland Emissions/Removals CO2 X X 91
2A 7 Other Production Quantities Co2 X X X X 7
3C CHEMICAL PRODUCTS, MANUFACTURE Chemical manufacture and | CO2 X X X X %
5LAND USE CHANGE AND FORESTRY Emissions/Removals CH4 X X 10
3A PAINT APPLICATION Paint application Cco2 X X X X 95
1A 3¢ Railways Liquid Fuels C0o2 X 86
1A 4 c Agriculture / Forestry/ Fishing Liquid Fuels N20 X X X X 81
3DOTHER Other Use of Chemicals ~ CO2 X X X 80
1A 4 b Residential Biomass N20 X X X X 65
1A 1a Public Electricityand Heat Production Solid Fuels N20 X X X 57
2F 2Foam Blowing Consumption HFC X X X X 56
1B 2b Natural gas Gaseous Fuels co2 X X 48
1A 1a Public Electricity and Heat Production Gaseous Fuels N20 X X X X 29
1A 2f Other Biomass N20 X X 25
1A 2d Pulp, Paper and Print Biomass N20 X X 7
1A 2f Other Gaseous Fuels N20 X X B
1A 4 b Residential Liquid Fuels N20 X X B
2 A 6 Road Paving with Asphalt Production Quantities Cco2 X X X X »
1A 1a Public Electricity and Heat Production Liquid Fuels N20 X X X X 8
1A 2alronand Steel Solid Fuels Co2 X X X 0
5A Forest Land Emissions/Removals Cco2 X X X X -3994
Sub-total without LULUCF 83355
% of total without LULUCF 98.8
TOTAL EMISSIONS WITHOUT LULUCF 84355
Sub-total with LULUCF 80776
% of total with LULUCF 98.6
TOTAL EMISSIONS WITH LULUCF 81900

1.6 Information on QA/QC

A Plan for Quality Assurance/ Quality Control (QA/QC) has been developed. The Institute for
the Environment is the national responsible entity for the Quality Assurance and Quality Control
System of the inventory. The conceptualization of the system has been however done under an
external consultancy with Ecoprogresso.
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The QA/QC system is an integral part of the National System for the Inventory of Emission by
Sources and Removal by Sinks of Air Pollutants (SNIERPA), which was created by the March,
17th Resolution of the Council of Ministers nr. 68/2005, and includes three technical instruments
(Figure 1.2):

- Quality Control and Quality Assurance System (SCGQ)
- Methodological Development Programme (PDM)
- Integrated Management System (SIGA).

Figure 1.2 — SNIERPA ’s main elements relations

Council of Ministers Resolution 68/2005,
of 17 March 2005

Information
Quality
/| Improvements

" )/ Methodological
Improvements

QA/QC
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o
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QA Report
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SNIERPA

The SCGQ is composed of a Quality Control and Quality Assurance Programme and a
Procedures Manual. The first schedules the application of the general (QC1) and specific (QC2)
Quality Control as well as Quality Assurance (QA) procedures, described in detail in the
Manual. The procedures were defined according to Good Practice and Uncertainty
Management Guide (IPCC, 2000) and adapted to the specific National Inventory (INERPA)
characteristics.

Quality Control tier 1 procedures defined in the QA/QC Manual include a series of checklists,
which consider basic checks on the accuracy of data acquisition processes (including, e.g,
transcription errors) and checks on calculation procedures, data and parameters. It includes
also cross-checking among subcategories in terms of data consistency, verification of NIR and
CRF tables. Documentation and archiving procedures include checks on information handling
which should enable the recalculation of the inventory. QC tier 2 procedures, on the other hand,
include technical verifications of emission factors, activity data, comparison of results among
different approaches.

1.7 General uncertainty assessment

Emission estimates from the GHG inventory pretend to express the best estimate of emissions,
which should not be over-estimated neither under-estimated. Nevertheless, natural variability of
certain emission processes, incomplete knowledge of emission sources and definition, errors
and gaps in data collection and statistical information, incorrect determination and choice of
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emission factors and parameter due to errors in original monitoring data, reference studies and
expert judgement, all this factors lead to a certain error or level of uncertainty in emission
estimates. However, the main purpose of the realization of the uncertainty assessment is not to
contest the validity of the inventory estimates, but to help prioritise efforts to improve the
accuracy of future inventories and guide future methodological developments. The uncertainty
analysis have been done under an external consultancy with INVENTAR.

The uncertainty analysis was performed only for the direct GHG: CO,, CH,4, N,O, HFC and SF,
considering all emissions in CO, equivalent (CO.e). The uncertainty of all source activities was
determined including, for the first time, the uncertainty of LULUCF category.

A tier 1 methodology was used to estimate total uncertainty for the inventory, for each individual
year and also the uncertainty in trend. Basically this method of classical analysis, which is
explained in more detail in IPCC(2000) and in Annex B, attributes uncertainty values to activity
data and emission factors, for each of the pollutants, and uses error propagation rules to
combine uncertainty estimates for each individual source into total uncertainty. In accordance
with IPCC (2000) considerations the uncertainty in Global Warming Potentials (GWP) is not
included in uncertainty quantification. A more detailed explanation of methodology is presented
in Annex B. The uncertainty values, both for activity data and emission factors, are discussed in
the detailed analysis of emission estimates for each individual source sector.

The uncertainty assessment was performed using inventory data for all years from 1990
to 2004. The results are presented in Table 1.6. The full range of emission possibilities,
considering the confidence limit may be observable in

Figure 1.3. The uncertainty in trend from 1990 to 2004 is 13.3 per cent. Uncertainty values are
defined as the range of 95% confidence interval (IPCC,1997; IPCC,2000), meaning that there is
a 95% probability that the actual value of the quantity (activity data, emission factor or emission)
is within the interval defined by the confidence limits.

Albeit the inclusion for the first time of the uncertainty associated with sector 5 (LULUCF), since
last year’s submission the improvements made in the inventory have resulted in an increase in
its quality, expressed in a decreased in the uncertainty, both in value and in trend. For example,
total uncertainty in the base year was decreased from 14.4 per cent to 11.5 per cent and in
2003 from 14.7 per cent to 9.9 per cent. The uncertainty in trend has slightly increased from
13.3 per cent (1990-2003) to 13.5 per cent (1990-2004), in a certain sense reflecting the
improvements made in the time series.
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Table 1.6 — Uncertainty of the annual emission estimates, by gas and total uncertainty

CO, CH, N,O LULUCF F Gas Total
Year Per cent
1990 7.7 21.0 110.9 33.1 - 11.5
1991 7.7 28.2 111.6 44.9 - 12.2
1992 71 28.6 111.5 304.6 - 11.8
1993 6.9 28.8 114.7 166.8 - 121
1994 7.0 28.2 110.1 64.3 - 12.2
1995 6.7 27.9 107.4 82.8 34.9 11.8
1996 6.8 27.9 104.4 52.0 37.2 124
1997 6.5 27.9 108.7 48.6 42.0 124
1998 6.4 27.5 111.5 52.7 445 12.0
1999 5.6 274 101.8 51.0 50.1 10.5
2000 4.0 275 106.1 54.9 57.2 104
2001 4.0 237 106.8 52.2 70.6 10.1
2002 3.9 24.4 104.4 53.1 79.4 9.6
2003 43 25.0 106.9 374 85.1 9.3
2004 4.4 24.5 106.6 60.9 85.3 9.9

Figure 1.3 — Trend of total GHG emissions without LULUCF and lower and upper
estimates considering the 95% confidence interval
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The application of a tier 2 methodology (Monte Carlo Techniques) is foreseen to be used in
following submission, allowing the consideration of a more precise propagation method and the
consideration of bias in Probability Density Functions.

1.8 Overview of the completeness

CRF Table 9 (Completeness) gives an overview of the level of completeness of the 2006
submitted inventories to the UNFCCC and EC. Additional information on this issue is given in
the subchapters.

The inventory covers the 6 gaseous air pollutants included in Annex A to the Kyoto Protocol:
carbon dioxide (CO,), methane (CH,), nitrous oxide (N,O), hydrofluorocarbons (HFC),
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perfluorocarbons (PFCs) and sulphur hexafluoride (SFg), as well as estimates for indirect
GHGs, including carbon monoxide (CO), nitrogen oxides (NO,), and non-methane volatile
organic compounds (NMVOC). Data are also reported for sulphur oxides (SO).

Furthermore the National Inventory includes, under the UNECE/CLRTAP Convention, emission
estimates of ammonia (NH3), Particulate Matter and Heavy Metals. Emissions are estimated for
each civil year from 1990 to 2004.

As a general rule the inventory covers emissions realized in the whole Portuguese territory, i.e.,
mainland Portugal and the two autonomous regions of Madeira and Azores Islands. The only
exception to this rule, which results in an inconsistency, refers to data for the two Portuguese
islands in what concerns Land Use Change and Forestry (IPCC category 5) which have not
been compiled; therefore this category refers only to mainland Portugal. Emissions from air
traffic and navigation realized between places in territorial Portugal, including movements
between mainland and islands, are also include in national emission total.

1.9 Future developments

Future improvements are defined under the Methodological Development Plan (PDM) which is
settled each year in the context of the National Inventory System (SNIERPA) and is developed
under the responsibility of the IA under an external consultancy with Ecoprogresso and
InventAr, in cooperation with the sectoral Focal Points. The PDM pretends to reflect the results
of the various review processes, in particular the UNFCCC reviews, the annual inventory
compilation process (all experts and entities involved can make proposals for methodological
development), and generally the results of the application procedures of Quality Control and
Quality Assurance which have been defined under the Control and Quality Assurance System.
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CHAPTER: 2 TRENDS IN PORTUGUESE GHG EMISSIONS

2.1 Trends of Total Emissions

In 2004, total Portuguese GHG emissions without land-use, land-use change and forestry
(LULUCF) were estimated about 84.4 Mton CO2eq., representing an increase of 41%
compared to 1990 levels. Under the EU burden-sharing agreement, Portugal is bind to limit its
emissions to +27% compared to the 1990 level. Comparing the 1990-2004 growth with the
linear target path from 1990 to 2010, Portuguese GHG emissions were, in 2004, 21.8 % above
this target path.

Figure 2.1— GHG emissions (without LULUCF)
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The principal source of GHGs in Portugal is associated with the energy sector and is primarily
related to fossil fuel combustion. The largest gas emitted is CO2 which represented in 2004
77.9% of total GHGs emissions in global warming potential (GWP) weighted emissions. The
majority of these emissions are generated in energy-related activities, which are responsible for
approximately 90% of total CO2 emissions in the same year.

Energy-related CO2 emissions are dependent on the type of fuel and its carbon intensity. In
average, during the period considered, 84% of the primary enegy consumed was produced from
fossil fuel combustion (coal, oil and natural gas); the percentage of renewable energy
represents the remaining part, i.e. 16% in average, which refer to domestic sources. (Figure
2.2)

The average annual emissions growth rate for the overall period 1990-2004 is 2.9%. However,
as illustrated in Figure 2.1, roughly three different periods can be identified in terms of the
annual average rate evolution: from 1990 to 1995 3.8%; from 1995 to 1999 4.6%, and since
1999 a more moderate increase can be recognised.

Driving factors for emissions growth are amongst others, economic growth and higher energy
demand, increasing road transport volume and distance driven supported by strong
development of road infrastructure and rapid growth in private car ownership. Climatic variables,
such as precipitation, which vary to years have also a significant effect on hydropower
generation and then produces substantial inter-annual variations in emissions.
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Figure 2.2 — Primary energy consumption
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Source: DGGE.

During the 1990s, Portugal experienced a rapid economic growth with an increase in GDP of
about 38.6% in the period 1990-2004, corresponding to an average annual increase of 2.8%.
The most rapid growth occurred from the years 1993 to 2000, where the average annual growth
rate reached the 4.4%. This increase was accompained by the rise of primary energy
consumption, which has registered an average annual growth of 5% during the 1993-2000
years. In 2004 the primary energy consumption in the country was almost one and half times
the value of 1990.

Figure 2.3— GHG emissions per capita, per unit of GDP and energy consumption
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During the period analysed, the country has not achieved a clear decoupling of emission trends
from economic growth. However a slight decrease of carbon intensity (emissions per GDP unit)
can be observed in the most recent years (see previous figure). This fact can be related to the
implementation of some measures that had a positive effect in the emissions levels, such as the
introduction of natural gas (1997), the new combined cycle thermoelectric unit of natural gas
(1999), the progressive installation of co-generation units, the amelioration of energetic and
technologic efficiency of industrial processes, and the improvement of fuels quality.

The energy intensity continues however to rise (moderately), reflecting the continued growth of
the transport and the residential/commercial sector, this latter registering a continued rise of
electricity demand.

Since 2001, economic growth slowed considerably, contributing, at least partially, to the more
moderate emissions growth registered in the most recent years. Emissions levels for the all
period show however significant variations, which are related to the pronounced fluctuations of
hydroelectric power generation, that is highly dependent on annual variations in precipitation.
The year 2002 corresponded to a dry year (hydraulic index of 0.76), registering a reduction of
the quantities of hydroelectric power generated and the consequent growth of emissions. On
the opposite, 2003 was a year with higher precipitation (hydraulic index of 1.33, meaning that it
rained 33% more than an average hydrologic year) which enabled a considerable increase of
hydroelectric power and subsequent reduction in CO, emissions from electricity production in
thermal plants. (see Figure 2.4) As compared to 2003, hydroelectric power production
decreased in 2004, corresponding to an emissions increase.

Figure 2.4 — Gross electric power production and emissions from electricity and heat
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2.2 Trends by Gas

Over the 1990-2004 period, all GHG emission levels grew (Figure 2.5). CO, is the gas having
registered the biggest increase (51.5%). F-gases are excluded from the figure as they represent
a small fraction of the emissions total (in 2004: 0.4%).

MAOTDR INSTITUTO DO AMBIENTE
26



Portuguese National Inventory Report

Figure 2.5 — Increase of GHG emissions by gas over the 1990-2004 period
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Figure 2.6 illustrates the relative contribution of direct GHG to the total emissions for 1990 and
2004, being evident CO, as the primary GHG, accounting for about 77.9% of Portuguese
emissions on a carbon equivalent basis in 2004 (LULUCF excluded). The second most
important gas is CH,, followed by N,O, representing, respectively, 14.5% and 7.1% of total
emissions in 2004. Portugal has chosen 1995 as the base year for fluorinated gases. In 2004
these gases represented about 0.4% of total GHG emissions.

Throughout the report, the reference to “total emissions” is meant to refer to “total emissions

without CO2 from LUCF on a carbon equivalent basis”.

Figure 2.6 — GHG emissions by gas: 1990 and 2004
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Table 2.1 — GHG emissions and removals in Portugal by gas: 1990-2004

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

GHGs EMISSIONS

CO, equivalent (Gg)

Net CO, emissions/removals 47015 47668 49727 47760 47849 51330 47093 50 174 54 217 61420 59 820 61311 64 974 72200 63 41
CO, emissions (without LUCF) 43 366 45181 49326 47925 49 138 53 131 50 258 53 543 58 234 64 894 63762 65018 69 250 64 600 65717
CH, 1379 1733 1557 1579 12087 12 520 12530 276 13292 13 507 12 457 12 330 12 663 13 105 12 365
N,O 5377 5412 5374 5282 5554 5706 6003 6003 5755 6 174 6 154 6 169 6291 5784 6033
HFCs JA NE,NO VA NE,NO VA NENO 1 2 10 9 33 53 92 139 172 214.30 30125 357.73
PFCs JA,NE,NO JA,NE,NO VA ,NE,NO NA,NE,NO VA NE,NO NANO NANO NANO NANO NANO NANO NANO NANO NANO NANO
SFg 2 2 2 3 3 3 3 3 3 4 5 5 457 4.57 3.44
Total (with net CO, emis./removals) 63 772 64 815 66 661 /64 624 65495 69 569 65647 68 930 73 321 81198 78 575 79 986 84147 91395 81900
Total (without CO, from LULUCF) 60 123 62 328 66 260 64 790 66 784 71370 68 812 72299 77337 84671 82517 83 693 88423 83795 84476
77 215 84 605 82 371 83 596 88285 83187 84355

Total (without LULUCF) 59 953 62 061 66 175 64 739 66 755 71184 68 747 72 275

NE - not Estimated; NO - not occurring

Next figures summarise the sources categories of emissions by gas (F-gases not presented).
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Figure 2.7 — 2004 sources categories of CO2
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The largest GHG gas emitted is CO2 which is predominantely generated from fossil fuel
combustion in energy-related activities (IPCC categories 1). Some other non-energy production
processes, such as cement production (included in category 2A), are also responsible for
considerable quantities of CO2 emissions.

Figure 2.8 — 2004 sources categories of CH4
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CH, is primarily generated through anaerobic decomposition of organic matter in biological
systems, like decomposition of municipal and animal wastes, waste-water handling systems, or
enteric fermentation in animals. Other sources are also responsible for these emissions, such
as biomass burning, the distribution of natural gas and petroleum, and the incomplete fossil fuel
combustion.
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Figure 2.9 — 2004 sources categories of N20
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N.O emissions are associated with direct and indirect emissions from agricultural soils, mainly
related to the use of synthetic and manure fertilisers, manure deposition by livestock, nitrogen
fixation by N-fixing crops (leguminous plants), and incorporation of crop residuos into soils.
Other significant sources are chemical industry (nitric acid production), wastewater treatment,
fossil fuel combustion particularly in the transport sector, and biomass burning (wildfires,
agricultural residues and residential combustion, and waste incineration).

2.3 Trends by Sector

According to the UNFCCC Reporting Guidelines, emissions estimates are grouped into six large
IPCC categories: Energy, Industrial Processes, Solvent use, Agriculture, Land-Use Change and
Forestry, and Waste. Emissions (Figure 2.10, Table 2.2) have risen for all these sectors. The
interpretation of the LULUCF sector is somehow different, with positive figures representing that
the sector is a net emitter, and negative values meaning that the source is estimated as a sink.

Figure 2.10 — GHG emissions and removals by sector: 1990-2004
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Figure 2.11 — GHGs emissions percentage change (1990-2004) by IPCC category
(LULUCF excluded)
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Table 2.2 — GHG emissions and removals by sector: 1990-2004
1990 1991 1992 k)l 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
GHGs SOURCE AND SINK
CATEGORIES CO, equivalent (Gg)
1. Energy 40 169 41968 46328 44944 45548 48913 46348 49010 53357 60647 59 189 60440 64 441 60011 60 752
2. Industrial Processes 4626 4600 4370 4224 5031 5782 5536 6220 6465 6 170 6042 6 551 6957 6901 7100
3. Solvent and Other Product Use 220 234 243 236 253 256 275 285 290 285 290 304 3R 318 320
4. Agriculture 7878 7993 7855 7745 7985 8059 8360 8238 821 8324 8577 841 8473 7866 8240
5. Land-Use Change and Forestry " 3818 2753 486 -115 -1260 -1615 -3 100 -3345 -3894 -3407 -3796 -3610 -4 138 8209 -2 455
6. Waste 7061 7266 7379 7592 7938 8 174 8228 8522 8884 9179 8274 7888 8102 8091 7944
7. Other NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

As previously mentioned, throughout the report, the reference to “total emissions” is meant to
refer to “total emissions LULUCF on a carbon equivalent basis”.

Energy is by far the most important sector, accounting for 72% of total emissions in 2004, and
presenting an increase of 51.2% over the 1990-2004 period. Energy industries and transport
are the two most important sources representing respectively 25.3% and 23.8% of total
emissions. Within the energy industries, public electricity and heat production represents alone
22.4% of the total emissions. This reflects the country heavy dependence on fossil fuels for
electricity generation and transportation, which continues to grow due to the continued increase
of electricity demand driven in particular by the residential/commercial sector, and the grow of
mobility.

The total final energy consumption raised 61% between 1990 and 2004, and is related to the
fact that the country has one of the lowest energy per capita ratio in the EU (1.78 tep per capita
in 2004).

The sectoral evolution of energy consumption presented in the next figure, shows that the
sectoral structure of the energy demand has been changing. The share of the industrial sector,
which represented in 1990, 35% of the final energy demand, decreased to 29% in 2004. On the
other hand, as previously mentioned, transports have been increasing importance, having
raised from 31% in 1990 to 37% of the final energy consumption in 2004. The increase of
energy consumption of this sector was 92% from 1990 to 2004. Also, services is one of the
sectors that are increasing the most, having registered a 215% rise of energy consumption from
1990 to 2004. In 2004, this sector together with the domestic sector, represented 30% of the
share of the total energy consumed.
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Figure 2.12 — Final energy consumption by main sectors and fuel
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Mobile sources, which are largely dominated by road traffic, are one of the sectors that are
rising faster. The overall energy consumed for transportation is supplied by petroleum-based
products, with nearly one third being gasoline (29% in 2004). This fuel has been losing relatively
importance since 1990, when the share was 40% of the sectoral energy consumption. In the
period 1990-2004 the emissions of transportation sources increased 99.4%, due to the steady
growth of vehicle fleets (in particular with more powerful engines) and road travel, reflecting the
increase in family income and the strong investment in the road infrastructure of the country in
the 1990s decade. Indirectly the increase in road traffic activity also augments the emissions
from fossil fuel storage, handling and distribution.

Still within the energy sector, other sectors, which include the residential and commercial
activities, also registered a significant increase with almost 59% rise in the 1990-2004 period.
As previously mentioned this relates to the significant growth of these sectors with reflects on
the energy consumed and emissions generated.

Agriculture is the second most significant source of GHGs emissions (9.8% of total emissions)
and is category showing the smallest emissions increase in the period analysed (4.6% growth
from 1990 to 2004). This fact is related to the relatively decrease of importance of the sector in
terms of the national economy, and is associated for instance with the reduction of the livestock
production of certain categories of animals (e.g. swine), and the decrease of fertilizer
consumption.

Waste and Industrial processes represent, respectively, 9.4% and 8.4% of Portuguese
emissions in 2004, recording an increase of approximately 53.5% (industrial processes) and
12.5% (waste). The increase in the waste sector emissions, is primarily related to the rise of
waste generation (associated with development of the family income and the urbanisation
growth registed in the country during the last decade) and the deposition of waste in
landfills.The growth of the industrial processes sector, whose emissions are generated as by-
product of many non-energy-related activities, are mostly related to the increase of cement
production, road paving, limestone and dolomite use, lime production, glass and ammonia
production.

Solvent use represents less than 1% of total emissions, and is mainly related to NMVOC
emissions3.

Estimates of emissions and sinks from land use change and forestry category, show this
category as a net emitter in 1990 (3.8 Mt CO2 eq.) and a carbon sink in 2004 (-2.5 Mt CO2 eq.):
The situation has been reinversed in 2004, where this source is appears as a net emitter (8.2 Mt
CO2 eq.), which was due to the exceptional occurrences in that year in what refers to the
extention of the forest area burnt in wildfires.

® These are converted into ultimate carbon dioxide after being emitted to atmosphere.
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2.4 Indirect GHG and SO, emissions

Several gases do not have a direct influence in climate change but affect the formation or
destruction of other GHG. CO, NOx, and NMVOC are precursor substances for ozone which is
a GHG. SOx produce aerosols, which are extremely small particles or liquid droplets, that can
also affect the absorptive characteristics of the atmosphere.

Table 2.3 — Indirect GHG and SO, emissions: 1990-2004

Gas 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
emissions (Gg)
CcO 952 1009 982 939 898 942 881 835 861 814 831 763 766 927 733
NOx 245 260 277 266 265 276 268 266 277 287 285 286 294 276 271
NMVOC 279 286 293 285 292 297 298 300 303 294 292 294 297 309 297
SO2 317 308 370 316 296 332 271 292 341 342 306 294 294 201 204

In 2004, SO, and CO emissions have decreased from 1990 levels: -35.7% and —23%,
respectively. The other gases, NMVOC and NOx emissions have increased, respectively, 6.4%;
and 10.5%.

Figure 2.13 — Variation of indirect GHG and SO, emissions by gas: 1990-2004 period

NOXx 10.5
NMVOC | 6.4
-35.7 7 SO2

Energy is the major responsible sector for emissions of NO,, SO and CO. Its contribution for
NMVOC emissions is also significant, together with Solvent use and Industrial processes.

Within energy, transportation is responsible for the greatest share of CO, NO,, and NMVOC
emissions, respectively 45.5%, 40.1% and 18.3% of 2004 totals. Despite the fast growing trends
of the transport sector (mainly road) since the 90s, the introduction of new petrol-engine
passenger cars with catalysts converters and stricter regulations on diesel vehicles emissions,
limited the growth of these emissions or even its decrease. NO, emissions from transport
presented a 11.7% increase over the 1990-2004 period; CO and NMVOC recorded significant
reductions, respectively, —34.6% and —27.3%.

SO, emissions are mainly generated in the energy industry sector (60.5% of total emissions in
2004) and combustion in manufacturing industries (21.4% of total emissions in 2004), which are
major consumers of fossil fuels. Oil and coal represent the biggest share of the fuel mix used in
thermal electrical production in the country, and they are in majority imported. However the
emissions variation in the period 1990-2004 shows a decrease in SOx emissions in both sub-
categories: energy industries —38.6% and manufacturing industries —46.1%. These tendencies
reflect the introduction of new stricter laws regulating the residual fuel oil (Decree-Law 281/2000
of 10th November). The introduction of natural gas and its increasing use, since 1997, is also
another positive factor that has contributed to control of SOx emissions.
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CHAPTER: 3 ENERGY (CRF 1)

3.1 Overview

Energy-related activities are the major sources of Portuguese GHG emissions, accounting for
71.9 per cent of total emissions of CO,e excluded of LULUCF in 2004. Total emissions from this
sector have increased 51.2 per cent from base year to last year, although a slight decrease has
occurred since 2002, as may be seen in Figure 3.1. The relative importance of total CO2e
emissions from the Energy sector has also been increasing, from 67.0 per cent in 1990 to 71.9
per cent in 2004. By far the most important gas emitted by this sector is CO,, with 97.0 per cent
of sector emissions expressed in CO, equivalent.

Figure 3.1 — Total CO2 equivalent emissions from the Energy Sector (CRF Sector 1)4

70 000
60 000 -
50 000 -
40 000 -

30 000 -

CO2e (kton)

20 000 H

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

|BCO2 BCH4 ON20 |

Considering the importance of each of the sub-sectors, which are presented in Figure 3.2, it is
clearly visible the dominance of emissions from the Energy Industry (1A1) and also from
Transportation activities (1A3). It is also noticeable the accentuated increase that emissions
from this last sector have suffered during the period, 99 per cent from 1990 to 2004.

* Emissions of CH4 and N20 are comparatively very small and are not well visible in graph.
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Figure 3.2 — Importance of CO,e emissions from sub-sectors in Energy sector in selected
years.

(1990 @1995 M 2004 |

1A1 (Energy Ind.)

1A2 (Manuf. Ind. & Const.)

1A3 (Transport)

1A4 (Other Sectors)

1AS5 (Other)

1B (Fugitive)

0 5000 10000 15000 20000 25000
GWP (kton CO2 eq)

3.1.A Fuel Combustion Activities (CRF sector 1A)

Energy emissions are primarily related to fossil fuel combustion. In Portugal, due to the heavy
dependence on fossil fuels electricity industries and transportation appear as the primary
sources of Portuguese GHG emissions, representing, respectively, 25.3 per cent and 23.8 per
cent of total GHG emissions in year 2004. It is noticeable that, since 2003, emissions from
transportation have surpassed emissions from Public Electricity and Heat Production (22.4 per
cent of total emissions) and are now the predominant source. Manufacturing industries and
construction is the third larger source within Fuel Combustion Activities with 12.8 per cent of
total emissions in 2004. GHG emissions from Refining of Petroleum Products is another
relevant source with 3 per cent of total emissions for this sector. Other sectors which include
residential, commercial/institutional, agriculture/forestry and fisheries (excluding bunkers)
represents 9.5 per cent of total sector emissions. Emissions for each sector in selected years
are presented in Figure 3.3, and the full time trend in Figure 3.4.
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Figure 3.3 — Total GHG emissions in source 1A, expressed as CO2e, in 1990, 1995 and
2003
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Figure 3.4 — Trend of total GHG emissions in source 1A, expressed as COZ2e, by sub-
sector (1990-2003)
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GHG emissions from this activity sector are almost fully dominated by direct CO, emissions,
which represents about 97.6 per cent of total GHG emissions in 2004. CH,; and N,O are minor
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sources, respectively 0.8 per cent and 1.6 per cent of total GHG emissions from the 1A sector in
2004.

CO, emissions are dependent on the carbon content of the fuel used and, for this reason,
estimates of CO, emissions are more accurate and methodology simpler to apply using fuel
consumption data only. During the combustion process some carbon is released in smaller
amounts in the form of other gases, including CH;, CO, NMVOC and airborne particulate
matter. It is presumed that all these other carbon containing non-CO, gases oxidise to CO; in
the atmosphere and are include in carbon dioxide estimates (ultimate CO,)°.

Emissions from fossil fuel combustion include also other atmospheric contaminants such as
N.O, NO,, SO,; NHj;, particulate matter, heavy metals and toxic organic compounds. Unlike
CO,, emissions estimates of these air contaminants require more detailed information, such as
operating conditions, combustion and emission control technologies and fuel characteristics.

Fossil fuel combustion from international bunkers, i.e., international aviation and marine
transportation, also generates air emissions in a similar way to other fuel combustion activity. In
accordance with international guidelines, these emissions are not included in national totals, but
are reported separately as a memo item. For the first time, Portuguese emissions for
International maritime and aviation represent the real share between traffic inside and outside
the country.

Biomass combustion also generates gas emissions. CO, emissions from this source are
estimated in the inventory but not included in national emissions totals being considered that
there are no net emissions of CO,, as carbon released during biomass combustion had been in
fact fixed from atmosphere by the photosynthetic process and when is burnt and returns to
atmosphere does not increase the atmospheric/biosphere CO2 pool. This activity is reported
separately for information purposes only. Nevertheless non-CO, emissions from combustion of
biofuels are however considered in inventory totals.

3.1.B Fugitive Emissions from Fuels (CRF sector 1B)

Apart from fuel combustion emissions, the Energy sector includes also emission estimates from
production, transmission, storage and distribution of fossil fuels. Generated gases from these
sources are CO,, NMCOV, SO,, CH4, NO, and CO, and emissions per sub-sector source are
presented in Figure 3.5, where the major importance of emissions due to oil refining, transport
and distribution may be seen for the beginning of the period, while the importance of emissions
from storage and transportation of natural gas, because more relevant toward 2004.

GHG emissions realized as CO, also dominate in this source sector, with 67 per cent in 2004.
Emissions by gas are represented in Figure 3.6.

® Three CO2 quantities may be referred in the inventory with different definitions: (1) End of pipe CO2 - Carbon dioxide
effectively emitted from the source: exhaust, chimney, etc; (2) Ultimate CO2 - carbon dioxide increase contribution to
atmosphere. Includes end of pipe CO2 but also the conversion of other gases and particles that are emitted to
atmosphere containing carbon and that are supposedly latter converted in CO2; (3) Fossil ultimate CO2 - CO2
emissions resulting from carbon with fossil origin: fossil fuels, mineral rocks and all other non biomass carbon.
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Figure 3.5 — Trend of total GHG emissions in source 1B, expressed as CO2e, by sub-
sector (1990-2004)
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Figure 3.6 — Trend of total GHG emissions in source 1B, expressed as CO2eq, by GHG
(1990-2004)
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3.2 Category sources
3.2.A Energy Industries (CRF 1A1)

1.1.A.1 PUBLIC ELECTRICITY AND HEAT PRODUCTION (CRF 1A1A)

OVERVIEW

Until 1950 electric energy production in Portugal was based in small power plant units using
coal as energy source. In the nineteen-fifties increase in the demand for industry consumers
cause the development of hydro-electric production units and the built of Tapada do Outeiro
power plant using low energy coal (lignite) obtained from Portuguese mines. The next decade
saw the entrance of petroleum products as the main energy sources, and three additional power
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plants were built: Carregado, Barreiro and Setubal. After the energy crisis of 1973/74 and
1979/81 there was a political shift towards the preference for imported coal (Sines and Pégo
power plants, started in 1985 and 1993 respectively) and, more recently, towards natural gas
(Turbogéas power plant already in operation and the new TER® unit, build near the old unit in
Carregado entered its final testing period at the end of 2003). In the islands of Azores and
Madeira, the discontinuity in territory caused the prevalence of smaller units, basically one per
island, working on fuel-oil or diesel-oil.

Apart from the dedicated electric power plants, auto-producers generate electric energy for own
consumption and to sales to the public system. However not all combustion from these sources
are included here because, according to the Revised 1996 IPCC Guidelines, emissions from
auto-producers are to be reported under the industrial or commercial branch in which their main
economic activity occurs. The present source sector includes only emissions resulting from
main power producers7.

Several components of the electricity and heat producing sector where arbitrarily individualized
in the inventory of air emissions from the energy sector for the sake of making explanation
easier and they are discussed separately in the following paragraphs.

Large Point Source Energy Plants in Mainland Portugal

The number of Large Point Source Energy Plants (LPS-EP) in continental Portugal have
increased from 6 units in 1990 to 11 units at present. Power plants and installed power are
listed in Table 3.1 together with their main relevant characteristics.

® TER — Termoeléctrica do Carregado

" Main Power Producers generate and sell electricity or heat as their main activity (primary activity) either public owned
or private owned. In contrast there are other Auto-producer of electricity or heat, that also are agents producing or
selling electricity or heat, but as a secondary activity and not as main business.
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Table 3.1 — Large Point Sources in the sector of Public Electricity and Heat Production

| . . Treatment of Stgcrl](

Power Plant Location Start Fue Power MW, gas effluents H((Erlr?) t Comment
Tapada do Gondomar | 1959 LIG& FO 150/100/47** | ESP 60 (3) Lignite use
Outeiro stopped in

1997
Turbogas Gondomar | 1998 NG 990 Combined
Cycle
Soporgen Lavos 2001 NG 67 n.a. Co-
generation.
Combined
Cycle
Energin Alhamdra 2002 NG 43.7 n.a. Co-
generation.
Combined
Cycle
Mortagua Mortagua 1999 Wood 9 ESP
wastes & NG
Pégo Abrantes 1993 HC 615.2 ESP & Low 225 (1)
NOx Burner
Carregado Alenquer 1968 FO & NG 710 (250%) ESP 100 (3) Natural Gas
introduced in
1997
TER Alenquer 2004 NG
Alto do Mira Amadora 1975 GO 132 - 10-11 Gas turbine
Barreiro Lavradio 1978 FO 56 - 104 (1) Co-generation
Setubal Setubal 1979 FO 946 ESP 200 (2)
Sines Sines 1985 HC 1192 ESP & Low 225 (2)
NOx burners
(after 2000)
Tunes Silves 1973 GO 197 - 9-17 Gas Turbine

* 250 MW in 2 groups using fuel oil and natural gas.

** This central is being de-activated. The smaller power value refers to situation after 2 of the 3 initial groups where
closed. The intermediate value refers to the situation when 2 groups where operating.

*** HC - hard-coal; LIG - Lignite; FO - fuel-oil; GO - Diesel oil; NG - Natural Gas

The two small gas turbine power plants included in the public service were: one near Lisbon to
sustain peak power demands and another in Tunes, in the southern province of Algarve, is used
to support the increase of demand during touristy seasonal peak demands. The unit near
Lisbon (Alto do Mira) has stopped activity at the end of the period.

There has also been a change in the production structure along the 1990-2004 period, with a
reduction in the importance of the use of petroleum products (fuel-oil) and an increase of the
use of imported coal - in first place - and then natural gas. The only other energy source used in
these units was Orimolsion, that was used as fuel in Setubal power plant but only in 1994 and
its use had no continuation.

- In 1990 three units (Carregado, Setubal and Barreiro) were using fuel-oil, one unit
(Sines) was consuming imported hard coal and another unit (Tapada do Outeiro) was
using lignite coal and fuel-oil;

- A new build coal unit (P€go) using hard coal, started producing electricity in 1993 and
doubled its production capacity in 1995;

- The old unit in northern Portugal (Tapada do Outeiro) that was burning low heating
value lignite coal, partly mined in Portugal, stopped using this fuel in 1997 but was kept
producing electricity with a small consumption of fuel-oil since;

- Between 1995 and 1997 Carregado power plant shifted part of its production groups
from residual fuel-oil to natural gas. In the end of 2003 and beginning of 2004, TER, a
new thermal power plant on Natural Gas has started operation in Carregado, near the
old unit that is maintained in operation;
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- A new unit (Turbogas) consuming natural gas was build in northern Portugal near the
old unit of Tapada do Outeiro and started producing in 1998;

- A new unit (TER) also using natural gas was installed, and started activity in 2004,
near the old unit of Carregado;

- Mortagua unit in central Portugal initiated production in 1999 using natural gas and
wood wastes;

- Finally other new units (Soporgene and Energin) also in central Portugal have just
started recently (Soporgen in 2001 and Energin in 2002) producing electricity from
natural gas in close connection, respectively, with an industrial paper pulp plant and to a
chemical industry plant.

Table 3.2 - Number of Electricity Power Plants using each type of fuel

Natural gas/ Fuel-oil
Natural gas/ Wood Wastes

Lignite coal/Fuel-oil 1 1 0
Hard coal 1 2 2
Fuel oil 3 3 3
Diesel Ol 2 2 1
Natural gas 0 0 4

0 0 1

0 0 1

Energy Plants in Azores and Madeira Autonomous Regions

Electricity production in the autonomous regions of Madeira and Azores islands depends mostly
on small and medium scale power plants using imported residual fuel oil and diesel oil, Table
3.3.

Table 3.3 - Electricity Power Plants in the Azores and Madeira

Power Station
Porto Santo
Vitéria
Santa Barbara
Belo Jardim
Caldeirao
Pico
Canical

Non public co-generation Energy Producers

Apart from Barreiro, Soporgen and Energin power plant units, already discussed as Large Point
Sources, production of electricity by co-generation process in smaller private owned units
started and was promoted after 1993. Some of these units, although working actually in close
association with other industrial activities, are independent companies, in legal terms, and which
main activity was defined as electric and heat production. Consequently they must be included
in this source sector and not in industry sector as emissions from other co-generation units are.
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METHODOLOGY
Thermo-electricity Power Plants

A bottom-up sectoral Tier 2 approach was used to estimate emissions of CO, and other air
pollutants from this activity. For carbon dioxide, a mass balance approach could be used in
principle to estimate emissions from the carbon content of fuels. But because that information is
not available from most power plants, the IPCC recommendation of using emission factors
based on energy consumption was used: “Emission factors for CO, from fossil fuel combustion
are expressed on a per unit energy basis because the carbon content of fuels is generally less
variable when expressed on a per unit energy basis than when expressed on a per unit mass
basis” (GPG).

Emissions to atmosphere of CO2 total emissions and of ultimate CO, from fossil origin were
estimated from:

Ucoz(u'f'y) =44/12* EF¢ * FaCox(f) * EnergyConS(u,f,y) * 10_3

Fossilcoay) = Zu [Ucozuy) * Crossin * 107]

Ucozy) — Total carbon liberated to atmosphere from consumption of fuel f in unit plant u,
expressed in total carbon dioxide emissions (ton);

Fossilcoz(y) - Emissions of carbon dioxide from fossil origin (non biomass) (ton);

EF¢ — Carbon content of fuel expressed in total Carbon Dioxide emissions (kg CO,/GJ);
Crossil - Percentage of carbon from fossil origin in fuel f (%);

Facox — Oxidation factor for fuel f (ratio 0..1);

Energycons(uty) - Consumption of energy (Low Heating Value) from fuel f in power plant u
in yeary (GJ).

This formula reflects the fact that some carbon in fuel is not oxidized and not emitted to
atmosphere. Although, some carbon in the fuel is not released directly as carbon dioxide but
instead in the form of carbon monoxide, methane, volatile organic compounds and even in soot,
ash and particulate matter as consequence of the incomplete combustion of fuel. Emissions of
these compounds in airborne fraction are transformed sooner or latter into CO, in the
atmosphere or after deposition on soil. Emissions of CO, at stack exhaust (End-of-pipe
emissions) may be estimated from final CO, emissions from:

Stackcoz = Ucoz - 44/12*(NMVOC * Cymvoc + CO * 12/28 + CH, * 12/16 + TPM * Crpy) * 10°

where
Stackcoz - end of pipe emissions of carbon dioxide (kton);
NMVOC - Emissions of non-methanic Volatile Organic Compounds (ton);
CO - carbon monoxide emissions (ton);

CH, - Methane emissions (ton);
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TPM - Total Particulate Matter emissions (ton);
Cnmvoc - Carbon content in NMVOC (w/w);

Crpm - Carbon content of Total Particulate Matter (w/w).

For emissions of sulphur oxides the following mass balance equation was used:

SOx (ufy) = 2* FUEICons(u,f,y) *CF (f)* S (ufy) * 10_2 * (1- AshRet (u'f)* 10_2)

Where

SOX (utyy - Sulphur oxide emission estimated from consumption of fuel f in power plant
uin yeary (ton);

Fuelconsu,iy) - Consumption of fuel f in power plant u in year y (any unit in agreement
with CF);

S (uty) - Sulphur content of fuel f, specific of each power plant and year (mass
percentage);

CF - Factor to convert FuelCons from original units into metric tons. Equals 1 except
to natural gas where it refers to density (ton/original unit);

AshRet 1 - Sulphur retention in ash (mass percentage).

For the remaining pollutants, emission estimates were based on the application of emission

factors,

either to energy consumption (GJ/yr) or to fuel consumption expressed in mass (ton/yr).

In the first case, when activity data is expressed in energy units, the following equation is used:

L. _ 6
Emission (ufy.p) = EnergyCOns(u,fyy) *EF (ufy.p) *10

where:

Emission ¢y - Emission of pollutant p estimated from consumption of fuel f in power
plant u in year y (ton);

Energycons(uiy) - Consumption of energy (Low Heating Value/ Net Calorific Value) from
fuel f in power plant u in year y (GJ);

zfljéjf),y,p) - Emission factor pollutant p, for fuel f consumed in power plant u in year y
g .

Presently for most pollutants, EF is independent of year and power plant. The only exception is
NOx where there are for some units some information concerning annual variations of the
emission factors.

For emissions of Heavy Metals the following equation was used instead:

HMp(u,f,y) = FueICons(u,f,y) * EFHM (ufy.p) * 10_6 * (1- AshRet (u’f’p)* 10_2)

and,
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HM, wsy) - Heavy Metal p emission estimated from consumption of fuel f in power plant
uin yeary (ton);

Fuelcons(uty) - Consumption of fuel f in power plant u in year y (ton);

EFum uty.p) - Emission Factor for heavy metal p from fuel f in power plant u and in year y
(g/ton);

AshRet (,1p) - Retention of Heavy Metal p in ash from fuel f under burning conditions in
power plant u (mass percentage).

EMISSION FACTORS
Large Point Source Energy Plants

Emission factors presented in next table are only function of fuel type and they were established
from available emission factors from international bibliography, while trying as much as possible
to choose those that best match national circumstances:

- IPCC 1996 Revised Guidelines (IPCC,1997);

- IPCC Good Practice Guidebook (IPCC,2000);

- EMEP/ CORINAIR Emission Factor Handbook (EEA,2002);

- AP-42 (USEPA,1996; USEPA,1996b; USEPA,1998; USEPA, 1998b; USEPA,1998c).

Table 3.4 — Emission Factors for energy production sector. Greenhouse Gases

o Ucop®  |Facox B Fossilc CH,® N,0

kg/GJ 0.1 % g/GJ g/GJ
Lignite 101.2  0.980 100 1.0 1.4
Hard Coal W92.0 0.980 100 0.7 1.4
Fuel-oil 774 0.990 1000 g7 0.6
Orimulsion 80.7] 0.990 100, o7 0.6
Natural Gas 56.1 0.995 100""0.1-1.4 1.4
Biomass 109.6]  1.000 0 15 W43
Diesel (GT) 741 0.990 100 0.14 W25

(i) IPCC (1997); (ii) EEA (2002); (iii) AP-42

Emissions of Nitrogen Oxides (NO,) and Particulate Material (TSP) are function of both fuel type
and burning conditions (burning device and control equipment) and are therefore specific of
each power plant and change over years. The range of emission factors for each fuel type is
also presented in Figure 3.4 and Figure 3.5. For most units (Sines, Pégo, Carregado, Barreiro,
Setubal and Turbogas) emission factors reflect actual monitoring data under Autocontrolo
program.
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Table 3.5 — Emission Factors for energy production sector. Indirect Precursors and other

pollutants
Fuel NOx | NMVOC | CO | AshRetg
g/GJ g/GJ g/GJ %
Lignite 310 1.5 16 5
Hard Coal 260 - 500 1.5 10 5
Fuel-oil 180 - 300 3.0 15 0
Orimulsion 300 3.0 15 0
Natural Gas 75-120 50 13-19 0
Biomass 70 150 500 0
Diesel (GT) 350 4.0 15 0

Table 3.6 — Emission Factors for energy production sector. Particulate Matter

Fuel PM PM10 PM2.5 PM1.0
g/GJ % % %
Lignite 9.3 67| 29 14
Hard Coal 6.8 —40.1 67, 29 14
Fuel-oil 0.26 — 69 (a) 63 41 28
Orimulsion 1.03] 63 63 63
Natural Gas 0.82 - 2.54 100 100, 100
Biomass 23.2 74 65 65
Diesel (GT) 30 100 100 100

(a) as function of sulphur content (USEPA) and control equipment

Table 3.7 — Emission Factors for energy production sector. Heavy Metals

Fuel Cd |  Hg | As | Cr [ cu | Ni | Se |  zn
g/t
Lignite 4.00E-03 | 6.00E-02 [ 4.00E-02 [ 3.00E-02 | 2.00E-02 [ 4.00E-02 | 0.00E+00 [ 1.00E-01
Hard Coal 6.50E-03 | 1.25E-01 | 1.65E-01 | 1.20E-01 | 2.05E-01 [ 2.15E-01 [ 2.00E-02 [ 6.65E-01
Fuel-oil 6.84E-01 | 5.07E-01 | 5.56E-01 | 1.70E+00 | 7.41E-01 [ 2.69E+01 | 6.84E-02 [ 1.90E+00
Orimulsion 6.84E-01 | 5.07E-01 [ 5.56E-01 | 1.70E+00 | 7.41E-01 | 2.69E+01 | 6.84E-02 | 1.90E+00
Natural Gas | 1.76E-05 | 4.18E-03 | 3.20E-06 | 2.24E-05 | 1.36E-05 | 3.36E-05 | 3.84E-07 [ 4.64E-04
Biomass 1.47E-02 | 1.00E-01 | 4.27E-02 [ 5.00E-04 | 1.00E-01 | 6.03E-03 | 2.30E-02 | 2.00E+00

Average sulphur content for each fuel type has evolved along the 1990-2004 time series as
shown in Figure 3.7 for the most important fuel types and power plants .
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Figure 3.7 — Trends of sulphur content by fuel type8
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Other Thermo-electricity Power Plants

The other smaller - non LPS - power plants are seldom subjected to the continuous
Autocontrolo program and the scarce available information does not allow the establishment of
plant specific emission factors. Therefore emission factors reflect an expert best guess from the
available bibliography, which again is available from:

- IPCC 1996 Revised Guidelines (IPCC,1997);
- IPCC Good Practice Guidebook (IPCC,2000);
- EMEP/ CORINAIR Emission Factor Handbook (EEA,2002);

- AP-42 (USEPA,1996; USEPA,1996b; USEPA,1998; USEPA, 1998b; USEPA,1998¢)

The emission factors that were used in the inventory are shown from Table 3.8 to Table 3.11 for

the public power plants belonging to the public system in Azores and Madeira, and from Table
3.12to Table 3.15 for the non public co-generation self producersg.

8 Power plants are denominated by number and not by name due to confidentiality constrains

° Power producers as main activity only.
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Table 3.8 — Emission Factors for thermo-electricity production in Azores and Madeira.
Greenhouse Gases

. Uco> o Facox o FOSS”C CH, N,O 0
Region — kg/GJ 0.1 % g/GJ g/GJ
Azores Fuel-oil 77.4 0.990 100 29 0.6
Azores Diesel oil 74 1 0.990 100 0.14 0.6
Madeira Fuel-oil 77.4 0.990 100 29 0.6

(i) IPCC (1997); (ii) EEA (2002)

Table 3.9 — Emission Factors for thermo-electricity production in Azores and Madeira. Indirect
Precursors and other pollutants.

Region Fuel s e o
g/GJ g/GJ g/GJ
Azores Fuel-oil 180 3 15
Azores Diesel oil 1 300 2 15
Madeira Fuel-oil 180 3 15

Table 3.10 - Emission
Particulate Matter

Factors for thermo-electricity production in Azores and Madeira.

. PM PMyg PM, 5 PM.
Region Fuel g/GJ % % %
Azores Fuel-oil 30 82.2 77.3 77.1
Azores Diesel ol 30 82.2 77.3 77.1
Madeira Fuel-oil 30 82.2 77.3 771

Table 3.11 - Emission Factors for thermo-electricity production in Azores and Madeira. Heavy

Metals
Fuel cd | Hg | As Cr g|/t Cu | N | se | zn
Fuel-oil 6.84E-01 5.07E-01 5.56E-01 1.70E+00 7.41E-01 2.69E+01 6.84E-02 1.90E+00
Diesel-oil 3.96E-02 1.69E-02 6.38E-02 2.61E-01 6.50E-01 6.00E-02 3.66E-02 4.33E-01
Table 3.12 — Emission Factors for non public co-generation self producers. Greenhouse Gases
Fuel Uco> 0 Facox U FOSS”C CH, N,O 0
kg/GJ 0..1 % g/GJ g/GJ
LPG 63.1 0.995 100 "0.06 1.4
Fuel —oil 77.4 0.990 100 W29 0.6
Diesel oil 741 0.990 100 W5 0.6
Natural Gas 56.1 0.995 100 W14 1.4

(i) IPCC (1997); (ii) EEA (2002); (jii) EEA (2002) NG EF corrected to LPG
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Table 3.13 — Emission Factors for non public co-generation self producers. Percursor gases and

other pollutants

Fuel NOy NMVOC CO S
g/GJ g/GJ g/GJ %
LPG 80 2.5 20 0.01
Fuel —oil 180 3 15 2.84-2.6
Diesel oil 580 50 15 0.3-0.2
Natural Gas 100 5 13 0.0007
Table 3.14 - Emission Factors for non public co-generation self producers. Particulate Matter
PM PMjyq PM; 5 PMy
A g/GJ % % %
LPG 6.9 100 100 100
Fuel —oil 37-88@ 71 52 39
Diesel ol 81.6 91.1 88.6 88.5
Natural Gas 0.8 100 100 100
(a) According to sulphur content
Table 3.15 - Emission Factors for non public co-generation self producers. Heavy Metals
Cd Hg As Cr Cu Ni Se Zn
Fuel glt
LPG 1.76E-05 | 4.18E-03 | 3.20E-06 | 2.24E-05 | 1.36E-05 | 3.36E-05 | 3.84E-07 | 4.64E-04
Fuel -oil 6.84E-01 | 5.07E-01 | 5.56E-01 | 1.70E+00 | 7.41E-01 | 2.69E+01 | 6.84E-02 | 1.90E+00
Diesel oil 3.96E-02 | 1.69E-02 | 6.38E-02 | 2.61E-01 | 6.50E-01 | 6.00E-02 | 3.66E-02 | 4.33E-01
Natural Gas 1.76E-05 | 4.18E-03 | 3.20E-06 | 2.24E-05 | 1.36E-05 | 3.36E-05 | 3.84E-07 | 4.64E-04

ACTIVITY DATA
Activity data has different origins according to specific energy plants:
Large Point Source Energy Plants

Data on consumption of fuels by fuel type was available until 1998 from the Large Combustion
Plants (LCP) directive - which relies in direct information reported from the individual plant
producer to the Environment Ministry - for all power plants except the two gas turbines. From
1999 onwards consumption of fuels was also collected directly from energy plants but under the
Self-control program (Programa Autocontrolo)10 or, when the unit is not obliged to this
agreement, from plant activity reports (EDP, 2000; EDP, 2001; EDP, 2002; EDP, 2003; EDP,
2004; EDP, 2005). Activity data for both gas turbine units is from DGGE until 1997 and from
industry reports (EDP, 2000; EDP, 2001; EDP, 2002; EDP, 2003; EDP, 2004; EDP,2005)
thereafter.

As a general rule power plant units report information about consumption in tons or cubic
meters of gas together with the Low Heating Value ' for that specific year from where
consumption of fuels in energy units are calculated from:

' The Auto-controlo program is a legal obligation for major emitters.

" Low Heating Value (LHV) or Net Calorific Values (NCV) measure the quantity of heat liberated by the complete
combustion of a unit volume or mass of a fuel, assuming that the water resulting from combustion remains as a vapour
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Energy (GJ) = Consumption (ton/year) * LHV (MJ/kg)

or

Energy (GJ) = Consumption (Nm3/year) * LHV (MJ/Nm3)

When LHV/NCV was not available it was estimated from interpolation or extrapolation from the
remaining available time series. The average value and range of the reported LHV per fuel type
is presented in next table.

Table 3.16 — Low Heating Value per fuel type

Fuel LHV/NCV
Lignite 16.42 (15.57 - 17.02)MJ/kg
Hard Coal 25.98 (24.51 - 27.23)MJ/kg
Fuel-oil 40.08 (39.42 - 41.15)MJ/kg
Orimulsion 28.00MJ/kg
Diesel ol 43.30MJ/kg
Natural Gas 37.74 (36.02 - 38.96)MJ/N m3
Biomass 7.8MJ/kg

Total consumption per fuel type in comparable energy units (GJ) may be verified in Figure 3.8.

Figure 3.8 — Trends of fuel consumption per fuel type '
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and the heat of the vapour is not recovered (GPG). In contrast, Gross Calorific Value (GCV) or Gross Heating Value
(GHV) are estimated assuming that this water vapour is completely condensed and the heat is recovered (GPG). The
default in IPCC Guidelines is to use the NCV.

"2 Time series not visible in the graph: Consumption of diesel oil in gas turbines increased from 29 TJ in 1990 to a peak
value of 784 TJ in 2001 and thereafter decreased again until 510 TJ in 2003. Biomass (wood wastes) consumption was
only 86 TJ in 1999, 147 TJ in 2000, 316 TJ in 2001, 555 TJ in 2002 and 700 TJ in 2003. Orimulsion and fuel-oil are
represented together as Petroleum products.
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Energy Plants in Azores and Madeira Autonomous Regions

The quantity of residual fuel-oil and diesel oil used in Madeira and Azores in electricity
production is available from 1990 to 2000 from General-Directorate of Energy (DGE, 2003) and
may be observed in the next figure. Figures for 2001, 2002 and 2003 are still provisional and
result from a forecast based in 1990-2000 data using a linear interpolation.

Figure 3.9 — Trends of fuel consumption in Azores and Madeira Archipelagos
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Note: Consumption of diesel oil in Madeira represent a very small quantity after 2001 and it is not visible in figure

Consumption of fuels expressed in energy units was estimated from the above consumption
figures assuming Low Heating Value (LHV/NCV) values presented in the following table.

Table 3.17 - LHV per fuel type

Region Fuel type LHV/NCV (MJ/kg)
Azores R_esidua_l fuel oil 40.17
Diesel oil 43.30
Madeira Residual fuel oil 40.17
43.30

Non-public co-generation Energy Producers

Consumption of fuels in co-generation units, except Barreiro, Soporgen and Energin power
plants is available in toe units from the revised energy balances from DGGE and it is presented
in Figure 3.10.
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Figure 3.10 — Trends in consumption of fuels in non-public co-generation plants
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Assumed values for LHV per fuel type are presented in next table.

Table 3.18 - LHV per fuel type used for non-public co-generation plants estimates

Fuel LHV (MJkg)
LPG 49.76
Fuel -oil 40.17
Diesel oil 43.30
Natural Gas 46.0

UNCERTAINTY ASSESSMENT

The accuracy of activity data collected from direct reporting (LPS data) is expected to have a
lower error than data collect in an aggregated form for the elaboration of the energy balances.

Therefore, different uncertainty values were considered

provenience of data:

- for LPS the uncertainty value was set at 1%, which is in the higher range of the
uncertainty considered in GPG when good quality surveys are considered, which is the

case;

- for area sources an uncertainty of 4 % was considered for this sector, which is fixed
according to a conservative approach, considering the double of the upper range of the
values that IPCC proposes when data was obtained from surveys in a less developed
statistical system. This conservativeness factor is used because the surveys were made
indirectly to industrial plants via fuel suppliers.

The uncertainty associated with the CO, emission factor is 5%, which is the value proposed for
traded fuels (IPCC,2000). The uncertainty values in association with the other gases, methane
and nitrous oxide, was also set in accordance with the GPG proposals, 150 % for CH4 and

1000% for N,O.

Since last submission, the use of plant specific data for the power plants in Azores and Madeira
has decreased uncertainty, although not in a very significant value.
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RECALCULATIONS

The most relevant change was the use of plant specific data for the major power plants in the
archipelagos of Madeira and Azores. No other changes occurred in methodology, the origin of
the activity data and emission factors

FURTHER IMPROVEMENTS

The main aim in emission estimate development that is expected is the more widespread use of
plant specific emission factors, covering more pollutants and more plant units. Further
incoporporation of time evolution of these emission factors is also necessary.

Efforts to increase the percentage of units treated as LPS is also considered a desirable
objective. In the same sense on-going efforts should be maintained for the compatibilization of
data acquisition by IA and DGGE in order for a better consistency of the data that is used for the
Energy Balance and for the LPS data used in the inventory.

1.1.A.2 PETROLEUM REFINING (CRF 1A1B)
OVERVIEW

In 1990 there were three oil refining plants in Portugal: Oporto, Lisbon and Sines. After 1993,
the Lisbon unit was closed for most of its activity and only two units remain now in operation.

Oporto refinery, located in Matosinhos in northern Portugal, transforms, since 1966, crude oil
and other intermediate materials received from Sines refinery by atmospheric and vacuum
distillation, cracking, platforming and several treatments processes (dessulphurization). This
refinery unit has also units for the production of oils, lubricants and aromatics (Benzene,
Hexane, toluene, xilene, etc). Sines refinery, installed in 1978 in southern Portugal, has also
extensive transformation of crude products after atmospheric and vacuum distillation, which are
subjected to Fluid Catalytic Cracking (FCC), platforming, hydrocracking, alquilation and asphalts
blowing. The now closed refinery at Lisbon performed mostly cracking. Refinery gas from this
unit was used as combustible gas for domestic, service and industry use in Lisbon city.

Following the UNFCCC source categories classification, only emissions resulting from
combustion in boilers and furnaces are included in this source sector. Process fugitive
emissions, including combustion emissions realized in the FCC unit are included elsewhere.

SO, and NMVOC emissions does also result from sulphur that is removed from intermediate or
final products, mostly to respect environmental regulations, and conveyed in final flux gases.
Elemental sulphur from the refining process is later recovered in both Sines and Oporto
refineries but emissions from this source are considered under Emissions from Flaring and
Venting in part 3.2.B.

METHODOLOGY

A bottom-up sectoral Tier 2 approach was used to estimate emissions of CO, and other air
emissions from combustion in refineries, either in boilers or process furnaces. Emissions were
estimated individually for each combustion equipment when discrimination was possible.

As explained in more detailed for sector “Public Electricity and Heat Production”, emissions to
atmosphere of total CO, and of ultimate CO, from fossil origin were estimated using the
following equation set:

Ucoz(y) =44/12 * EFC * FaCox(f) * Energycons(u,f,y) * 10-3
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- 2
Fossilcozy) = Ucozy) * Crossip) * 10

where,

Ucoz(y) - Emissions to atmosphere of total carbon dioxide emissions (ton);

Fossilcozy) - Emissions of carbon dioxide from fossil origin (non biomass) (ton);

EF¢ — Carbon content of fuel expressed in total Carbon Dioxide emissions (kg CO,/GJ);
Crossil - Percentage of carbon from fossil origin in fuel f (%);

Facox — Oxidation factor for fuel f (ratio 0..1);

Energycons(uty) - Consumption of energy (Low Heating Value) from fuel f in power plant u
in yeary (GJ).

For all other pollutants other than sulphur oxides (SO,) and Heavy Metals the following equation
was applied to estimate air emissions:

. _ -6
Emission (y.p) = EN€rgyconse.iy) * EF (efy.p) *10

Where

Emission (fy - Emission of pollutant p estimated from consumption of fuel f in
combustion equipment e in year y (ton);

Energyconsie.ty) - Consumption of energy (Low Heating Value) from fuel f in combustion
equipment e in year y (GJ);

EF (efy.p) - Emission factor pollutant p, for fuel f under burning conditions in combustion
equipment e in year y (g/GJ).

Sulphur oxides emissions from combustion are estimated from fuel consumption quantities and
sulphur content from:

SOX (ey) = 2 * FUelconsefy) * S (ery) * 107 * (1- AshRet (o* 107)

Where

SOX (efy) - Sulphur oxide emission estimated from consumption of fuel f in combustion
equipment e in year y (ton/yr);

Fuelconse.iy) - Consumption of fuel f in combustion equipment e in year y (ton/yr);
S (efy) - Sulphur content of fuel (mass percentage);

AshRet 5 - Sulphur retention in ash (mass percentage). It was assumed no ash
retention for all fuels and combustion equipments in the refinery process.

For emissions of Heavy Metals the following equation was used:
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HMoy) = FUelconswiy) * CF (0 EFrm wsyp) * 10° * (1- AshRet (5" 10?)

and,

HM;, sy - Heavy Metal p emission estimated from consumption of fuel f in refinery u in
yeary (ton);

Fuelconsu,iy) - Consumption of fuel f in refinery u in year y (any unit in agreement with

CF),

EFum (u.iy,p) - Emission Factor for heavy metal p from fuel f in refinery u and in year y

(9/ton);

CF () - Factor to convert FuelCons from original units into metric tons. Equals 1 except

to natural gas where it refers to density (ton/original unit);

AshRet (1) - Retention of Heavy Metal p in ash from fuel f under burning conditions in
refinery u (mass percentage).

EMISSION FACTORS

The same set of emission factors was used for all three refineries and was set from international
bibliography such as IPCC (1997), EMEP/CORINAIR (EEA,2002) and AP-42 (USEPA,1996b;
USEPA, 1998b; USEPA,1991e; USEPA,1995c). The chosen Emission Factors are presented in

Table 3.19 through Table 3.21 below.

Table 3.19 — Emission Factors for combustion sources in Refining of Petroleum Products.

Greenshouse Gases.

. Ucoz ® FaCox @ FOSS“C CH4 ) Ngo ®
Fuel Equipment
kg/GJ 0.1 % g/GJ g/GJ
Fuel-oil BOIlers 77.4 0.990 100 2.9 0.6
Furnaces 77.4 0.990] 100 2.9 0.6
; (i)
Fuel gas Boilers ' 60.0 0.990 100 2.5 1.4
Furnaces M60.0 0.990 100 2.5 1.4
LPG Boilers 63.1 0.995 100 4 1.4
Furnaces 63.1 0.995| 100 4 1.4
Diesel oil Engines 74.1 0.990 100 9.9 0.6

Table 3.20 — Emission Factors for combustion sources in Refining of Petroleum Products.

(i) IPCC (1997); (ii) EEA (2002)

Indirect Precursors, Particulate Matter and other pollutants

, NO, | Nmvoc | co PM | PMiw | PMas | PMyo
Fuel Equipment
g/GJ g/GJ g/GJ g/GJ %

i (a (b)

Fuel-oil BOIlers 180-190 3 15 66-135 86 56 36
Furnaces 210 3 15 66-135")

Fuel gas [2Ole™s 140 25 17 3 100 100 100
Furnaces 150 2.5 17| 3

Lpg  [oilers 160 4 17, 69 4100 100 100
Furnaces 160 4 17 6.9

Diesel oil Engines 1100 100 12 6.6 50 12 8

(a) variable according to equipment; (b) variable with sulphur content (AP-42)
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Table 3.21 — Emission Factors for combustion sources in Refining of Petroleum Products.
Heavy Metals

Fuel cd | Hg | As Cr | Cu Ni | Se | Zn
glt
Type
Fuel Oil 4.02E-04 | 5.07E-01 | 1.21E-03 | 4.02E-03 | 7.41E-01 [ 2.69E+01 [ 6.84E-02 [ 1.90E+00
Fuel Gas | 1.76E-05 [ 4.18E-03 | 3.20E-06 | 2.24E-05 | 1.36E-05 | 3.36E-05 | 3.84E-07 | 4.64E-04
LPG 1.76E-05 | 4.18E-03 | 3.20E-06 | 2.24E-05 | 1.36E-05 | 3.36E-05 | 3.84E-07 | 4.64E-04
Diesel Oil | 3.96E-02 | 1.69E-02 | 6.38E-02 | 2.61E-01 | 6.50E-01 | 6.00E-02 | 3.66E-02 | 4.33E-01

Composition of fuels, in what concern sulphur, were reported for each year and for each
pollutant directly from refineries under the LCP directive. Weighted average values from 1990 to
2004 are reported in Figure 3.11 for fuel-oil and show a continuous decrease since 1998. Fuel
gas was reported to have no sulphur.

Figure 3.11 - Trends of sulphur content by fuel type
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ACTIVITY DATA

Emissions from this source sector include combustion air pollutants resulting from boilers and
furnaces.

The three refinery units consume self produced residual fuel-oil™?, fuel-gas, liquefied petroleum
gases (LPG) and diesel oil.

Values of fuel consumption from 1990 to 2004 in boilers and furnaces were collected directly
from individual units under the Large Combustion Plants (LCP) directive and may be observed
in Figure 3.12 for fuel oil and fuel gas. Use of other fuels such as diesel oil and LPG although
included in inventory estimates are not at all significant and do not need to be reported here.

3 In strict terms this fuel is not traded and must not be named fuel-oil, to avoid confusion to traded fuel oil.
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Figure 3.12 — Fuel consumption per year by type of equipment
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Consumption expressed in energy was calculated with the following time series of Low Heating
Values. This time series reflects actual information given by each refinery also under LCP
directive and are weighted averages for all three plants.

Figure 3.13 — Net Calorific Value (NCV) or Low Heating Value (LHV) expressed in MJ/ kg
by type of equipment
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UNCERTAINTY ASSESSMENT

The uncertainty value was set at 1%, in accordance with the fact that all data was obtained from
direct inquiry to refinery units.

The uncertainty associated with the CO, emission factor is 5%, which is the value proposed for
traded fuels (IPCC,2000). The uncertainty values in association with the other gases, methane
and nitrous oxide, was also set in accordance with the GPG proposals, 150 % for CH4 and
1000% for N,O.
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RECALCULATIONS

No recalculations were made for this source sector since last year’s submission.
1.1.A.33.2.A.3 OTHER ENERGY INDUSTRIES (CRF 1A1C)

OVERVIEW

The following two sub-sources are included in this category:

- External fuel consumption realized in the coquerie unit, that existed within the only
integrated iron and steel plant in Portugal, and that was closed in 2001. Coke gas was
the only fuel combustion used as energy source in the coquerie unit;

- Combustion emissions done for the production of city gas, that was consumed in the
city of Lisbon. This activity was being replaced as consequence of substitution of this
energy source by Natural Gas, and was fully deactivated in 2001.

METHODOLOGY

Emissions to atmosphere of total CO2 and of ultimate CO, from fossil origin were estimated
using the following equation set:

Ucoz(y) =44/12 * EFC * FaCox(f) * EnergyCOns(u,f,y) * 10-3

. _ 2
Fossilcozy) = Ucozy) ™ Crossi * 10

where,
Ucoz(y) - Emissions to atmosphere of total carbon dioxide emissions (ton);
Fossilcozy) - Emissions of carbon dioxide from fossil origin (non biomass) (ton);
EF¢ — Carbon content of fuel expressed in total Carbon Dioxide emissions (kg CO,/GJ);
Crossil - Percentage of carbon from fossil origin in fuel f (%);
Facox — Oxidation factor for fuel f (ratio 0..1);

Energycons(uiy) - Consumption of energy (Low Heating Value) from fuel f in power plant u
in year y (GJ).

For all pollutants other than sulphur oxides (SO,) and Heavy Metals, the following equation was
applied to estimate emissions:

Emission () = Energycons ) * EF (yp) *10°

where
Emission (, ) - Emission of pollutant p in year y (ton except CO2 in ton);
Energycons (y) - Consumption of energy in coke gas (Low Heating Value) in year y (GJ);
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EF ¢p - Emission factor pollutant p from coke gas combustion (g/GJ except CO2 in
kg/GJ).

Sulphur oxides emission from combustion are estimated from fuel consumption quantities and
considering its sulphur content as:

SOx W= 2* FuelCons(y) *S

where

SOx () - Sulphur oxide emission estimated from consumption of coke gas in year y
(ton/yr);

Fuelcons(y) - Consumption of coke gas in the coquerie in year y (M m3/yr) or fuel f in city
gas production (ton/yr);

S - Sulphur content of coke gas used in the coquerie (g S/INm3) or sulphur fraction of
fuel f in city gas production (0..1).

For emissions of Heavy Metals the following equation was used, when data available:

HMp(u’f’y) = Fuelcons(f’y) *CF (f)* EFHM (f.y,p) * 10-6 * (1- AshRet (f’p)* 10-2)

and,

HM; ) - Heavy Metal p emission estimated from consumption of fuel f in year y (ton);
Fuelcons(ry) - Consumption of fuel f in year y (any unit in agreement with CF);
EFum (ry,0) - Emission Factor for heavy metal p from fuel f and in year y (g/ton);

CF () - Factor to convert Fuelcons from original units into metric tons. Equals 1 except to
natural gas where it refers to density (ton/original unit);

AshRet () - Retention of Heavy Metal p in ash from fuel f under burning conditions
(mass percentage).

EMISSION FACTORS

Emissions factors for combustion of coke gas in the coquerie unit and in the city gas factory
were set from IPCC96, EMEP/CORINAIR and AP-42. They are reported in Table 3.22.
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Table 3.22 — Emission Factors used for the coquerie and city gas production

Source |Coquerie City Gas Production
Fuel el FO  Naphta NG | oM
Gas
Ucoz” ) 41 77 77 56 | ko/GJ
Facox " 0.995 0.990 0990  0.995 | ratio
Fossilc 100 100 100 100 | %
CN:HS 0 25 M2.9 W29 014 9/GJ
2 1.40 0.60 0.60 1.40
7.05 .

SO, gSINm3 26-2.9 0.1 00007 | %S
NO, 120 160 160 100
NMVOC 2.5 3.0 3.0 5.0 9/GJ
(610 17 15 15 13
PST 3 85 6.5 0.8
PMso 95.9 86.0 50.0 100
PM, 5 93.5 56.0 12.0 100 | % PST
PM, 77.4 36.0 8.0 100
Cd NE| 6.84E-01 2.55E-01 1.76E-05
Hg NE| 5.07E-01 0.00E+00 4.18E-03
Ar NE| 5.56E-01 0.00E+00 3.20E-06
Cr NE| 1.70E+00 5.00E-02 2.24E-05 |9/t
Cu NE| 7.41E-01 1.10E+00 1.36E-05
Ni NE| 269E+01 2.85E-01 3.36E-05
Se NE| 6.84E-02 3.00E-02 3.84E-07

(i) IPCC (1997); (ii) EEA (2002); (iii) from plant information

ACTIVITY DATA

Coke Production

Consumption of coke gas in the coquerie unit was available directly from the industry plant for
1991-1994. For the remaining years, the use of coke in coquerie was estimated from total
consumption of coke gas in the all plant, which information was collected from the energy
balances of DGGE. Therefore, except for 1991 to 1994, annual consumption of coke in the

integrated iron and steel plant was estimated from:

Coqueriecons y) = Coqueriecons (91-94y/ Totalcons (91-94) ™ Totalcons (y)

where

TotalPlantcons (y) - total consumption of coke gas in yeary.

Coqueriecons y) - consumption of coke gas in the coquerie in year y;
Coqueriecons (91-94) - consumption of coke gas in the coquerie from 1990 till 1994;

TotalPlantcons (91 - 94) - total consumption of coke gas in the iron and steel sector, from
91 to 94, as reported in DGGE'’s energy balance;

The coquerie has stopped operations in 2001. The full time series may be seen in Figure 3.14.
Conversion in energy units was calculated using a LHV of 18.78 MJ/Nm3, the value that is
reported under LCP directive.
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Figure 3.14 — Coke gas consumption in the coquerie: 1990-2004
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City Gas Production

According to the energy balances from DGGE, this activity has used fuel oil, naphta and, more
recently, natural gas as energy sources under co-generation process, from 1990 till 2001™. The
available time series is presented in Figure 3.15.

Figure 3.15 — Consumption of fuels in co-generation in city gas production 1990-2004
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The following Net Calorific Values (NCV) or Low Heating Values (LHV) values were used.

" This activity uses also fuel gas, LPG, fueloil, naphta and natural gas as feedstocks. These quantities, separated in the
energy balance, are not included in the inventory at this point but in use of city gas as fuel
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Table 3.23 — NCV/LHV per fuel type for city gas production

Fuel NCV (MJ/kg)
Fuel-oil 40.17
Naphta 43.3
Natural Gas 46.0

UNCERTAINTY ASSESSMENT

Coke production is based extensively in extrapolations from a reduced time-series. Therefore
10% uncertainty was assumed for the activity data, which is in the higher range of the
uncertainty values proposed by IPCC(2000) when data of an energy intensive industry was
obtained from low quality surveys. In the case of city gas production, in a consistent way to what
was used for power plant units an uncertainty of 4% was considered adequate.

In a similar way to all other stationary combustion sources, the uncertainty associated with the
CO, emission factor was set at 5%, which is the value proposed for traded fuels (IPCC,2000),
and the uncertainty values for methane and nitrous oxide, are in accordance with the GPG
proposed values, 150 % for CH4 and 1000% for N,O.

RECALCULATIONS

No recalculations were done for this source sub-sector since the submission of last year.

3.2.B Manufacturing Industries and Construction (CRF 1A2)

Emissions covered in this source category are those resulting from combustion activities in
manufacturing industry and building and construction industry, excluding decarbonising
emissions of CO, in cement and glass industry, which are covered under production processes
(Chapter 4.2.A). The following sub-source categories are reported individually: Iron and Steel,
Metallurgic industry, Chemicals, Pulp and Paper, Food Processing, Beverages and Tobacco,
Textile, Ceramic, Glass and glass products, Cement, Clothing, shoes and leather industry,
Wood, Rubber, Metal Equipment and Machines, Extractive industry, Construction and building
and Other Transformation Industry.

Total emissions for this sub-sector are the sum of different industrial activities, using diverse
fuels and combustion technologies. Emissions refer to the full combustion emissions of the
industry sector: boilers, process dedicated fuel combustion in furnaces and kilns and all
emissions originated in co-generation units™®.

3.2.B.1 METHODOLOGY

Air emissions from combustion of manufacturing industries and construction are estimated
using a Tier 2 methodology, but two basic approaches may be used: energy approach or
production approach.

According to the energy based approach, emissions are estimated multiplying emission factors
by the energy consumption according to the following equations.

For Carbon Dioxide (CO,), total emissions and ultimate fossil emissions are estimated using:

'S Only when the co-generation activity is reported to the energy balance as referring to the manufacturing industry.
When economic activity is referred as Energy Production then emissions are included in source category CRF 1ala
(See chapter 3.2.A.1 for further explanations).
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UCOZ(y) =44/12 * EFC * FaCox(f) * Energchns(u,f,y) * 10-3

. _ 2
Fossilcozy) = Ucozgy) * Crossiin * 10

where,
Ucoz(y) - Emissions to atmosphere of total carbon dioxide emissions (ton);
Fossilcozy) - Emissions of carbon dioxide from fossil origin (non biomass) (ton);
EF¢ — Carbon content of fuel expressed in total Carbon Dioxide emissions (kg CO,/GJ);
Crossi - Percentage of carbon from fossil origin in fuel f (%);
Facox) — Oxidation factor for fuel f (ratio 0..1);

Energycons(uty) - Consumption of energy (Low Heating Value) from fuel f in power plant u
in yeary (GJ).

For the other pollutants when the energy consumption approach is used the equation simplifies
to:

Emi(p) = Zfzszt[EF(p’f’S’t) * Energy(fys,t)] * 10-6

where:
Emi, - Total emissions of pollutant p (ton/yr except CO, in kton/yr);

EF (v1st - Emission Factor for pollutant p, specific of fuel type f, sector activity s and
technology/ combustion equipment t (g/GJ except CO, in kg/GJ);

Activity sy - Energy Consumption of fuel type f, sector activity s and technology/
combustion equipment t (GJ).

When in the production process occurs a close and intimate contact between combustion gases
and product, which is the case of sintering and lime kilns in the iron and steel industry, cement
kilns, glass ovens, ceramic ovens and dryers and lime kilns in paper pulp industry, or when
combustion occurs also with the purpose of recovery of combustion products, which is the case
for the recovery boiler in paper pulp industry (green licquor), emissions are more appropriately
estimated using produced quantities as activity data, and the associated emission factor is
expressed in kg/ton. For these situations, where the production approach is used, emissions
from combustion activities are estimated using the following equation:

Emi, = EF, * Production * 10°

where:
Emi, - Total emissions of pollutant p (ton/yr except CO2 in kton);
EF () - Emission Factor for pollutant (kg/ton);

Production — Production activity rate (ton/yr).
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Emissions of SOx are directly related to the sulphur content of the fuel'®. Estimates for SOx
were calculated assuming that there were no abatement technologies. The following equation
applies:

Emisox = 2 * 222 [S (s /100 * Fuelconsrsy * (1- AshRet ¢y* 107)]

where:
Emsoy - Total emissions of SO, (ton/yr);

S sy~ Sulphur content of fuel f in sector activity s and technology/ combustion
equipment t(%);

Fuelconsumption (1s,) — Quantity of fuel that was consumed for each particular fuel f, for
sector activity s and technology/ combustion equipment t (ton/yr);

AshRet (,p) - Retention of Sulphur in ash from fuel f in equipment t (mass percentage).

For determination of emissions of Heavy Metals the following equation was used:

HMp(fyy) = FUGICons(f,y) *CF (f)* EFHM (fy.p) * 10_6 * (1- AshRet (f'p)* 10_2)

and,
HM; ) - Heavy Metal p emission estimated from consumption of fuel f in year y (ton);
Fuelcons(ry) - Consumption of fuel f in year y (any unit in agreement with CF);
EFum ¢y.p) - Emission Factor for heavy metal p from fuel f in year y (g/ton);

CF ¢, - Factor to convert FuelCons from original units into metric tons. Equals 1 except
to natural gas where it refers to density (ton/original unit);

AshRet (1) - Retention of Heavy Metal p in ash from fuel f under burning conditions in
refinery u (mass percentage).

The following procedural scheme was used:

- Emissions from the following industries were estimated based only on fuel
consumption as activity data (energy approach): metallurgy; chemical and plastic
industry; food, beverages and tobacco, textile industry; clothing, shoes and leather
manufacturing, wood industry, rubber manufacturing, machines manufacturing Industry
and other Metal Equipment Industry, extractive industry, building and construction and
all other unspecified industry;

- emissions of SO, NO,, NMVOC and methane from the recovery boilers and lime kilns
in the Kraft and acid sulphide paper pulp plants were estimated using production data,
for each industrial plant, as activity data (production approach). The remaining
pollutants emitted from these combustion equipments and all pollutants for the
remaining combustion equipments of this industry sector were estimated using energy
consumption as activity data;

'® For some activities SOx emissions may also be estimated using the production approach

MAOTDR INSTITUTO DO AMBIENTE
62




Portuguese National Inventory Report Energy

- Clinker production. Emissions from combustion in clinker kilns were estimated based
on production data or consumption of energy obtained for each individual industrial
plant, according to the original units of the emission factors. For this sector most
emission factors are plant specific and obtained from information monitored at industrial
plants. The remaining fuel use in this sector, that in cement production and in
equipments other than kilns, is converted into emission using the general purpose
emission factors (energy approach). Carbon dioxide originated from decarbonising of
limestone and dolomite is quantified in production processes and reported in CRF
sector 2A;

- Emissions of SO,, NO,, NMVOC, CH4 and particulate materials from combustion
processes in furnaces in the ceramic industry are estimated using the production
approach. Emissions estimates from combustion in other equipment, boilers and
engines, and emission estimates for the other pollutants, also for furnaces, are based
on the energy approach;

- Emissions from glass production. Also for this sector emissions estimates from use of
fuels in furnaces of sulphur oxides, nitrogen oxides, methane, carbon monoxide and
particulate matter are estimated using production as activity data. Emissions for the
remaining pollutants, CO, and N,O from furnaces and for all pollutants from other
combustion equipments are estimated using energy consumption as activity data
indicator. Carbon dioxide emissions from glass production comprehend both oxidation
of carbon, that are estimated using the general emission factors based on energy
consumption, and decarbonising or materials, which are included in production process
and reported in CRF sector 2;

- air emissions from sintering (SO,, NO,, NMVOC, CO and PM) and production of lime
(SO, NO,, CO, CO, and PM) in integrated iron and steel production are estimated
using production as activity data. The remaining pollutants resulting from the iron and
steel industry, were estimated using the energy approach. For simplicity activity data
and emission factors for this source are discussed in chapter 4.3.3.1 — Industrial
Processes: Iron and Steel Production.

3.2.B.2 ACTIVITY DATA
Activity data comprehends consumption of fuels and industrial production rates.
COMBUSTION DATA

Data on fuel consumption for the Larger Point Sources (LPS) were obtained directly from Large
Combustion Plants (LCP) submitted to the IA under the provisions of the LCP Directive or from
information received by IA from special surveys or from the EPER inventory. Presently LPS
comprehend one iron and steel industry, one petrochemical unit, one carbon black industrial
plant, eight (all) paper pulp plants and six cement plants (covering all clinker producing units).
The remaining national energy consumption for each sector was estimated subtracting LPS
consumption data from the figures reported in the energy balance compiled annually by DGGE
and with detailed consumption data for each industrial sector and for each fuel. This procedure
is synthesized in Figure 3.16 and in the following formula set:

Conses (1s) = 2 {ENErgyes sc) / LHVes o)

Energyarea (ise) = {FraCequi (s * [CONSEs (rs) — 2w CONSLpswre) 1} * LHV ArEA(s0)

Energyips(ute) = CONSipsuie) * LHVIpsu ie)

Where,
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Energyes¢sc) — Reported energy consumption of fuel f in activity sector s, according to
the energy balance, either in co-generation or not (index c) (tep/yr);

Consips(ufe) — Reported consumption of fuel f consumed by LPS unit u in equipment e
(ton/yr or Nkm®/yr);

Consgg (15) — Calculated consumption of fuel f consumed in sector s, in both co-
generation or non-cogeneration (c index), according to the Energy Balance (ton/yr or
Nkm>/yr);

Energyareasfe) — Remaining energy consumption of fuel f in non-LPS — Area Sources -
in activity sector s and in equipment e (GJ/yr);

Energyipsre) — Energy consumption of fuel f estimated for LPS unit u in equipment e
(GJlyr);

Fraceqi 7 — fraction of consumption of fuel f in sector s that is used in equipment e
(0..1);

LHV ps(ure) — Low Heating Value/ Net Calorific Value, reported by LPS unit u, for fuel fin
combustion equipment e (MJ/kg or MJ/Nm3);

LHVeg(s) — Low Heating Value/ Net Calorific Value used by DGGE in the compilation of
the Energy Balance for fuel f in activity sector s (tep/ton or tep/Nkm3);

LHV area¢s,e) - Low Heating Value/ Net Calorific Value used in the Inventor¥ for fuel f in
equipment e for area sources (combustion in non LPS) (MJ/kg or MJ/Nm3)’

Figure 3.16 — General procedure for emissions estimate
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Characterization of the combustion equipments was also taken from LPS sources, as well as
the characteristics of the fuels. For the non LPS sources, or the remaining energy consumed
that are accounted in the energy balances, there is no detailed information about in which
equipment combustion takes place, apart from division between co-generation and non co-
generation. Thence separation of fuel consumption among boilers, furnaces and engines was
made by expert judgment according to each economic sector, and also considering that the
original data of fuel consumption in the DGGEs energy balances make a separation between
quantities used in co-generation and quantities used without co-generation.

The sub classes presented below represent the most detailed information available limited by
the detail reported in the National Energy Balances from DGGE. Each group represents an
aggregation of specific Economic Activities Classes, presented in below.

Table 3.24 — Definition of Sectors in accordance with Economic Activity Classes

Sub sector EAC (1977)
Agriculture 111, 112, 113, 121, 122
Fisheries 130
Extractive Industry 220, 230, 290
Food processing, beverages and 311, 312, 313
tobacco
Textile 321
Paper and paper pulp 341
Chemical and Plastic Industry 351, 352, 356
Ceramic 361, 3691
Glass 362
Cement 369 except 3691
Metallurgy 271, 272 except

Iron&Steel

Iron and Steel Industry Iron & Steel
Clothing, shoes and leather 322, 323, 324
Wood & wood products 331, 332
Rubber 355
Manufacturing of machines and 381, 382, 383, 384
metallic Equipments
Other 390, 314, 342, 385
Construction & Building 500

For confidential reasons, LPS data on fuel consumption for the iron and steel industry, the
petrochemical and carbon black units are presented lumped together with data in energy
balances, with no separation from the other non-LPS sources within the respective sector. Data
on paper pulp plants are presented for the six LCP units summed together.

Table 3.25 — Low Heating Values/ Net Calorific Values (LHV/NCV) in the Iron and Steel
Industry (MJ/kg)

Residual Natural Coleoyen ) [l ine: Waste
LPG Kerosene Gas Oil oil Gas gas gas Tar ol Gasoline
(MJ/Nm3) (MJ/Nm3)
46.1-47.3 43.7 43.3 40.2-40.4 38.7 18.8 2.87 34.1 40.4 44.8
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Table 3.26 — Fuel consumption in the Iron and Steel industry in boilers and furnaces

(GJ) (1/2)

Year LPG Kerosene Gas Oil T:isé;j cu)ﬁl Nét;;al

1990 461183 1342 22985| 1231825 0
1991 452 052 1630 14 950 323 588 0
1992 520 339 1349 16 393 338 976 0
1993 598 721 1787 18807 | 1370162 0
1994 594 734 2890 16258 1136114 0
1995 602 784 2915 15 671 941 816 0
1996 558 584 2809 17 333 984 083 0
1997 408 806 3293 5663 941 594 205 705
1998 280 599 3156 6792 623 019 673 357
1999 326 145 2925 6 898 712 034 723 011
2000 410 522 586 7796 821 247 937 138
2001 395 179 0 7 999 748 872 992 909
2002 351303 0 9 581 737 769 986 044
2003 239 687 0 13 896 640 649 | 1338709
2004 241 659 0 16 344 646 026 | 1218182

Table 3.27 — Fuel consumption in the Iron and Steel industry in boilers and furnaces

(GJ) (2/2)

Coke oven Blast .

Year gas furnace Tar Waste Oil
gas
1990 1041796| 1460387 341 000 40 348
1991 1525059 1244462 357 845 1210
1992 1943130 | 2079874 388 263 0
1993 1753741 2158502 311278 0
1994 1562652 | 1981945 227 791 0
1995 1175219| 1343038 272 878 7318
1996 1211854 | 1306474 198 643 5608
1997 1715874 1585069 300 377 8282
1998 1655684 | 1396770 251115 7196
1999 1626560 | 1453276 281529 8 401
2000 1856360 | 1746675 333 420 10 255
2001 1455916 | 1547215 333 420 10 255
2002 0 0 333 420 10 255
2003 0 0 333420 10 255
2004 0 0 333420 10 255
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Table 3.28 — Fuel consumption in the Iron and Steel industry in Static Engines (GJ)

Year Gasoline Gas Oil

1990 1673 22 985
1991 1099 14 950
1992 1727 16 393
1993 1049 18 807
1994 1 805 16 258
1995 1462 15 671
1996 2251 17 333
1997 235 5663
1998 141 6792
1999 177 6 898
2000 151 7796
2001 3401 7 999
2002 164 9581
2003 46 13 896
2004 0 16 344

The significant decrease in fuel consumption that can be observed from 2001 to 2002 is
explained by the significant changes in the only integrated iron and steel plant, particularly the
closure and dismantling of the production of coke, sinter and of the blast furnace. Presently iron
and steel is produced from scrap and metallic foils. This changed has also caused substantial
changes in the contribution of fuels, with the disappearance of coke oven gas and blast furnace
gas, and the increase in the use of natural gas, that not only was used to replace the other by
product gases, but also partially the use of LPG and residual fuel oil.

Figure 3.17 — Total Energy Consumption in the Iron and Steel Industry between 1990 and

2004
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Figure 3.18 — Fuel Consumption per fuel type in Iron and Steel Industry in 1990 and 2004
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Table 3.29 — Low Heating Values/ Net Calorific Value (LHV/NCV) in Metallurgy Industry

Steam . . Residual el .
Coal Coal Coke LPG Gasoline | Kerosene | Gas Oil oil Gas . Biomass
(MJ/Nm®)
LHV (MJ/kg) 29.3 28.0 47.3 44.8 43.7 43.3 40.2 38.7 12.6
Table 3.30 — Fuel Consumption in Metallurgy Industry — Boilers and Furnaces (GJ)
Year Sé%ZT Coal Coke LPG Kerosene Gas Oil Rescl)?lual Nactatggal Biomass
1990 132 885 381 367 525 854 372 14 478 1162 634 0 142 678
1991 121 039 240 217 520 401 3 19 577 958 101 0 140 167
1992 30 883 240 167 596 416 0 19777 1059 136 0 138 033
1993 50 846 0 495 034 0 20 288 720 875 0 135272
1994 6 192 0 526 065 0 22 378 554 304 0 135 314
1995 0 0 588 223 0 18 312 387 206 0 135 314
1996 0 0 634 504 0 32 207 479 883 0 143 515
1997 0 0 548 772 0 28 707 78 937 1086 143 515
1998 0 0 491 977 544 28 159 75 028 31177 143 818
1999 0 0 375 463 1577 44 159 66 644 178 134 144 351
2000 0 0 241 731 7 43 857 81 157 441 236 143 515
2001 0 0 317 650 8 77 585 99 020 486 797 143 515
2002 0 0 340 485 0 70 917 68 489 510 836 143 515
2003 0 0 331882 0 54 538 60 392 614 115 223 898
2004 0 0 325 001 0 56 557 67 776 585 376 227 897
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Table 3.31 — Fuel Consumption in Metallurgy Industry — Static Engines (GJ)

Year Gasoline Gas Oil

1990 0 14 478
1991 254 19 577
1992 678 19 777
1993 3602 20 288
1994 6 461 22378
1995 7119 18 312
1996 8 205 32207
1997 8 404 28 707
1998 7 042 28 159
1999 3189 44 159
2000 310 43 857
2001 10 972 77 585
2002 729 70 917
2003 807 54 538
2004 331 56 557

Emission from this sector cover both the industry producing iron products and non iron
products. The original information source does not allow the separation of these activities. Here
too is noticeable the partial shift from the use of residual fuel oil and LPG to natural gas, after

1997. Also observable is the abandonment of the use of coal and coke, already in 1994.

Figure 3.19 — Total Energy Consumption in the Metallurgy Industry between 1990 and

2004
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Figure 3.20 — Fuel Consumption per fuel type in Metallurgy Industries in 1990 and 2004
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Table 3.32 — Low Heating Values/ Net Calorific Values (LHV/NCV) in Chemical and Plastics

Industry
Coal Residual el 18 19
Coal LPG | Gasoline | Kerosene Gas Oil e Gas Biomass Fuel Gas Flare Gas
Coke Qil 3
(MJ/Nm~)
LHV (MJ/kg) 29.3 28.0 47.3 44.8 437 433 39.3-40.2 38.7 12.6 2.0-52.8 47.8-53.1

* Including Pyrolisys fuel oil and non traded similar sub-products

Table 3.33 - Fuel consumption in Chemical and Plastics Industry — Boilers and Furnaces (GJ)

Year Steam Coal Coke LPG Kerosene | Diesel Oil T:iséld gﬁl Nzé;t;;al Wood Fuel Gas

1990 261 080 196 711 291 344 1179 77593 | 9952224 0] 1051213 11 323 355
1991 198 665 276 550 127 766 515 122788 | 11674 756 0f 1032803 9 037 651
1992 0 467 066 126 259 333 107 192 | 10 345 087 0f 1017238 10 865 528
1993 0 427 538 223 054 118 99230 | 7774578 0 996 904 10 235 002
1994 0 460562 | 1127 569 97 148 472 | 8440716 0 996 904 9 394 520
1995 0 491903| 1608177 54 166 877 | 10 479 504 0 996 904 10 383 010
1996 0 469533 | 1033488 87 209 489 | 10 187 639 0| 1058033 9105 271
1997 0 404 607 872 311 9752 166 805 | 10 746 350 0f 1058033 11 603 903
1998 0 520 946 474 136 19 442 212257 | 11 132 967 572351 | 1060272 12 313 880
1999 0 520 946 419 501 45 537 211827 | 11173745 1674434 | 1343390 12 666 161
2000 0| 2139767 341 329 12 388 115805] 11691591 | 2083315| 1360854 13 108 321
2001 0 576 452 584 584 5889 173599 | 11254082 | 2362443 | 1360837 9 090 262
2002 0 580910 | 1524084 3675 120311] 9508308 | 4349056 | 1360837 8971771
2003 313 321 283 250 789 047 3 091 99524 | 8033235| 6347178 | 1414358 10 145726
2004 413 652 238 097 | 2067 644 2773 92461 | 7661120 | 6953496 | 1442345 11 777 754

'8 Several streams of intermediate gaseous products and tail gases that are used as energy source

"9 Several streams of intermediate gaseous products and tail gases that are used as energy source
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Table 3.34 - Fuel consumption in Chemical and Plastics Industry — Static Engines (GJ)

Year Gasoline Gas Oil Fuel oil

1990 7798 80 087 160 712
1991 24 195 128 919 274 906
1992 66 690 115 582 425762
1993 67 416 105718 588 618
1994 107 715 151 617 203 808
1995 165 896 172 985 379018
1996 131633 214 675 321823
1997 190 721 172 202 334 966
1998 188 166 218 030 358 303
1999 161516 219722 489 977
2000 48 125 123 646 486 645
2001 72 064 179 854 378 123
2002 56 451 127 242 418 988
2003 47 912 106 543 424 255
2004 32 174 98 872 387 517

Table 3.35 - Fuel consumption in Chemical and Plastics Industry — Flares (GJ)

Year Flare Gas
1990 859 031
1991 538 730
1992 574 865
1993 1217 549
1994 1223 447
1995 1011512
1996 858 870
1997 893 948
1998 956 229
1999 1307 636
2000 1298 744
2001 1036 071
2002 1148 041
2003 1162 474
2004 1061 809

Two industrial plants in this sector were treated as Large Point Sources in this source sector,
representing a substantial component of total energy consumption, but for confidentiality
constrains plant specific information can not be published individually. In the beginning of the
period under analysis, fuel consumption20 was based on residual fuel oil, traded or by product of
the unit, and residual gases, also obtained as by product from the production processes. More
recently, natural gas was gained a relevant importance as the third energy source. An
increasing trend in total energy consumption - although irregular - is verifiable in Figure 3.21.

% Not considering feedstocks. Emissions from feedstock use are only included when by products (pyrolysis fuel or and
fuel gas) are generated and reported explicitly in the industrial plant as fuels.
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Figure 3.21 — Total Energy Consumption in the Chemical and Plastic Industry between

1990 and 2004
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Figure 3.22 - Fuel consumption per fuel type in Chemical and Plastics Industry in

and 2004
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Table 3.36 — Low Heating Values / Net Calorific Values (LHV/NCV) in the Paper and Paper

Pulp Industry (MJ/kg)

- Wood &
LPG Gasoline | Kerosene | Diesel QOil Res'd”?" Nl Ggas Wood Liquor Biogas Other®
Fuel Oil (MJ/Nm”~)
Wastes
47.3 448 43.7 433 39.7-40.2 38.7 10.5-356 | 74-15.8 34.7 34.2-52.7

* includes biogas, Tall Oil, and NCG -non combustible gas

# Tall Oil, non condensable gases and other sub-products
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Table 3.37 - Fuel consumption in the Paper and Paper Pulp Industry — Boilers and Furnaces

(GJ)
) Residual Natural . Wood &
Year LPG Kerosene Gas Oil oil Gas Ligquors Wood Other
wastes
1990 103 357 7 90 115 | 9445240 0| 24607749 | 5105745 39843
1991 190 436 51 78 814 | 10 256 575 0] 28333851 | 5982805 353 670
1992 236 264 32 76 148 | 11 226 864 0| 28687604 | 7348581 364 647
1993 199 374 7 70927 | 11614 769 0] 27141730 8660247 350 407
1994 271 869 4 66 278 | 13 357 405 0| 26583344 | 6868103 374 799
1995 282 906 23 72 499 | 11 179 480 0| 27204795 7656588 378 662
1996 301572 5 71699 | 12 159 666 0| 27078923 7115364 380 045
1997 325 960 6 80280 | 12433 356 0] 30006253 | 7684886 381443
1998 345 875 60994 | 11 822 305 7065] 29923805| 7616532 382 292
1999 265 142 59 581 | 11 954 494 305 186 | 30 849031 | 8180982 382 096
2000 248 947 26 5472712609863 | 2145436 32197744| 6823719 376 907
2001 240 115 109 79587 | 9734471| 4342236 31438403| 6221961 439 571
2002 103 112 78 76841 | 8893658| 5232845 31329288| 6852148 456 284
2003 99 442 79 77100| 8002624 | 5981049 (24071117 | 5909725 472 998
2004 96 921 81 75006 | 7278233| 5977691 33963543 | 7754940 489 712

Emissions report in this sub sector include all the eight paper pulp plants that existed in Portugal
in the period (six Kraft plants and two bisulphite smaller plants), but also smaller units dedicated
to paper production. The increasing trend in total fuel consumption is evident and was almost
continuous in the period. The lower temporary value in 2003 reflects a re-qualification period for
one unit. Considering the share of energy sources, there is a dominance of liquor, followed by
residual fuel oil and natural gas - this last only recently - as auxiliary primary energy sources.

Table 3.38 - Fuel consumption in the Paper and Paper Pulp Industry — Static Engines (GJ)

Year Gasoline Diesel Qil Biogas

1990 2677 90 115 0
1991 6335 78 814 0
1992 8803 76 148 0
1993 4832 70 927 0
1994 10 998 66 278 0
1995 6133 72 499 0
1996 5359 71699 0
1997 9478 80 280 0
1998 8922 60 994 0
1999 7 697 59 581 0
2000 795 54 727 9705
2001 24 295 79 587 17 804
2002 1069 76 841 19 632
2003 1282 77 100 19 056
2004 890 75 006 24 469
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Figure 3.23 — Total Energy Consumption in the Paper and Paper Pulp Industry between
1990 and 2004
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Figure 3.24 — Fuel consumption per fuel type in the Paper and Paper Pulp Industry in
1990 and 2004
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Table 3.39 — Low Heating Values/ Net Calorific Values (LHV/NCV) in the Food processing,
Beverages and Tobacco Industries

Steam . . Residual | Natural Gas .
Coal LPG Kerosene | Gasoline Gas Oil oil (MJ/Nm3) Biomass
LHV
(MI/kg) 29.3 47.3 43.7 44.8 43.3 40.2 38.7 12.6
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Table 3.40 — Fuel consumption in Food processing, Beverages and Tobacco Industries —
Boilers and Furnaces (GJ)

Year Steam Coal LPG Kerosene Gas Oil T:is;fjgﬁl Nét;;al Biomass

1990 12 408 905 695 13 310 545 296 8 896 746 0 3981 464
1991 6 637 1042 493 6712 590 327 9 650 972 0 3911799
1992 432 1146 947 7 581 682 889 9 552 680 0 3 852 887
1993 0 1216 337 7 657 687 994 9008 711 0 3775816
1994 0 1362783 6219 728 047 8940 015 0 3775 858
1995 0 1461 882 5075 735477 9393613 0 3775 858
1996 0 1625730 2129 798 171 9 397 656 0 4 006 695
1997 0 1964 696 4 592 747 369 | 11117 217 3497 4 006 695
1998 0 1942 985 5537 719673 ] 11353423 355 065 4015170
1999 0 1898 545 6 933 812840] 10589 139 1081711 3391 460
2000 0 1698 723 1728 668 841 9 378 846 1625 761 3 435 549
2001 0 1810872 906 738 249 9 499 661 2314912 3435 146
2002 0 1702 062 801 650 188 9 548 553 3 467 625 3435 146
2003 0 1631 026 802 633 690 9034 076 4610 651 3 652 342
2004 0 1437 151 741 677 596 6 539 384 4 440 777 3 642 346

Table 3.41 — Fuel consumption in Food processing, Beverages and Tobacco Industries — Static

Engines (GJ)

Year Gasoline Gas Oil

1990 17 576 545 296
1991 27 154 590 327
1992 68 216 682 889
1993 50 870 687 994
1994 103 895 728 047
1995 109 204 735477
1996 118 030 798 171
1997 192 021 747 369
1998 174 508 719673
1999 171 400 812 840
2000 117 866 668 841
2001 224 395 738 249
2002 101 308 650 188
2003 89 264 633 690
2004 73129 677 596

In 1990 the dominant fuel source of this sector was residual fuel oil, followed by biomass and
also with a representative use of propane and gasoil. After 1997, natural gas has been
replacing the use of former fuels and is in 2004 the second fuel in importance.
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Figure 3.25 — Total Energy Consumption in the Food processing, Beverages and
Tobacco Industry between 1990 and 2004
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Figure 3.26 - Fuel consumption per fuel type in the Food processing, Beverages and
Tobacco Industries in 1990 and 2004
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Table 3.42 — Low Heating Values/ Net Calorific Values (LHV/NCV) in the Textile Industry

Residual Natural
LPG Gasoline Kerosene Gas Oil oil Gas Biomass
(MI/NmM?)
(NII_Jl-/|I\</g) 473 448 437 433 402 38.7 12.6
MAOTDR INSTITUTO DO AMBIENTE

76



Table 3.43 — Fuel consumption per fuel type in Textile Industry — Boilers and Furnaces (GJ)

Portuguese National Inventory Report

Energy

Year LPG Kerosene Gas QOil Rescl)?lual N?;t;;al Biomass

1990 211 079 125 27 561] 10398 463 0 1136 569
1991 260 039 113 28 133] 8869912 0 1116 695
1992 313 352 104 31054] 8137910 0 1099 874
1993 308 947 65 31611 7 368 260 0 1077 866
1994 326 923 24 37253 8355456 0 1077 866
1995 375672 4 37309] 8873230 0 1077 866
1996 446 316 6 40465] 11399 097 0 1143 933
1997 554 583 180 50824 ] 14 710 345 0 1143 933
1998 658 367 175 52454 | 14 158 114 14 207 1146 353
1999 714 187 8 51536 ] 11696 369 565827 | 2033077
2000 507 677 0 75300] 11329974] 3789968| 2059507
2001 450 357 0 67930] 9257887] 5583570 2059498
2002 405 987 0 90966 9173383] 7160629| 2059498
2003 394 399 0 100352 7734712] 8183262] 2140028
2004 580 103 0 91224 10803272 6171846] 2321480

Table 3.44 — Fuel consumption in Textile Industry — Static Engines (GJ)

lin il

vear | Smpne | S

1990 4 313 27 561
1991 4723 28 133
1992 12 058 31 054
1993 9 225 31611
1994 18616 37 253
1995 18 900 37 309
1996 19 241 40 465
1997 21787 50 824
1998 22716 52 454
1999 18 431 51 536
2000 66 347 75 300
2001 60 095 67 930
2002 59 015 90 966
2003 63 433 100 352
2004 64 939 91 224
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Figure 3.27 — Total Energy Consumption in the Textile Industry between 1990 and 2004

25

Energy Consumption (PJ)

N
o
I

[N
al
I

10 +

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Figure 3.28 — Fuel consumption per fuel type in Textile Industry in 1990 and 2004
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Table 3.45 — Low Heating Values/ Net Calorific Values (LHV/NCV) in the Ceramic Industry

Steam . . Residual | Natural Gas .
Coal Pet Coke LPG Gasoline | Kerosene Gas QOil oil (MIINM3) Biomass
LHV
(MI/kg) 29.3 31.0 47.3 44.8 43.7 43.3 40.2 38.7 12.6
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Table 3.46 - Fuel consumption in the Ceramic Industry — Boilers and Furnaces (GJ)

Year Séizrln Pet Coke LPG Kerosene Gas Oil Resc;jlual N?;t;;al Biomass

1990 6 552 0 6146949 28 128005] 3299724 0] 12476 234
1991 2 254 0 6719549 213 156 721 3538 468 0] 12257 950
1992 0 0| 7323141 4 320 157 274 3340715 0] 12073347
1993 0 0| 7654449 1395 131328] 3188908 0] 11831925
1994 0 0| 8221720 109 133500] 3286663 0] 11831883
1995 0 0| 8786548 0 130225] 3725069 0] 11831883
1996 0 0 9077042 1 135835] 3920669 0] 12556 485
1997 0 0 8142938 0 188039] 6033415 1439341] 12556 485
1998 0 0| 4497803 0 199550] 5880619 6583568] 12583047
1999 0 0 2506160 7 177680] 4475511] 11576243 ] 13 336 945
2000 0 0 1409 302 347 181120] 3752353] 14214380] 13510 325
2001 0 0 1458 360 244 215096] 3036675] 15722639] 13510335
2002 0 0 1119759 256 171336] 2073502| 16527 884] 13510335
2003 0 0 838 921 299 155 446 912218 17950583 | 13782 248
2004 0 552 404 690 903 193 157 661 825504 | 15820660 | 14 059 122

Table 3.47 — Fuel consumption in the Ceramic Industry — Static Engines (GJ)

Year Gasoline Gas Oil

1990 38 507 128 005
1991 41 454 156 721
1992 51427 157 274
1993 50 694 131 328
1994 53 041 133 500
1995 48 814 130 225
1996 34 936 135 835
1997 30 024 188 039
1998 30 567 199 550
1999 20 668 177 680
2000 17 187 181 120
2001 17 677 215 096
2002 19 138 171 336
2003 21409 155 446
2004 19 907 157 661

After the period 1990 until year 2001 when consumption of energy has increased steadily over
the years, it is now observable a decline in total consumption in this sector. The pattern of fuel
consumption has also changed, with the abandonment of residual fuel oil and LPG and their
substitution by natural gas in more recent years. This sector, together with the glass industry, is
in fact one in which the substitution was more visible. The decrease in use of biomass is only
apparent in per cent, because values of consumption of these fuels did in fact increased slightly.
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Figure 3.29 — Total Energy Consumption in the Ceramic Industry between 1990 and 2004
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Figure 3.30 — Fuel consumption per fuel type in Ceramic Industry in 1990 and 2004
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Table 3.48 — Low Heating Values/ Net Calorific Values (LHV/NCV) in the Glass Industry

Residual L EVE
LPG Gasoline Kerosene Gas Oil oil Gas Biomass
(MJ/Nm3)
LHV (MJ/kg) 47.3 44.8 43.7 43.3 40.2 38.7 12.6
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Table 3.49 — Fuel consumption in the Glass Industry — Boilers and Furnaces (GJ)

Year LPG Kerosene Gas Oil Resci)tijlual Nacuatggal Biomass

1990 | 1159858 0 25165] 4401250 0 1381
1991 | 1247925 0 23607 | 5440438 0 1339
1992 | 1141691 0 24959| 5497786 0 1339
1993 | 1132445 0 16936| 6016685 0 1297
1994 | 1264 640 0 14531 6347126 0 1297
1995 | 1380459 0 21312] 6492308 0 1297
1996 | 1548047 0 35659| 6782680 0 1381
1997 | 1732774 0 29326] 7563906 29 108 1381
1998 | 1109224 0 27 044| 8069679 822 074 1384
1999 566 874 0 31071| 5588831| 2913173 1381
2000 343 676 7 23561| 3446039| 5428725 1381
2001 240 621 0 35074| 3055480| 6218824 1381
2002 156 419 0 24358| 2623142| 6527015 1381
2003 134 267 0 25980 1989232| 7422992 1381
2004 45 353 0 30284 1850783| 6941531 1381

Table 3.50 — Fuel consumption in the Glass Industry — Static Engines (GJ)

Year | Gasoline Gas Oil

1990 3998 25 165
1991 3 986 23 607
1992 5226 24 959
1993 5585 16 936
1994 4930 14 531
1995 3 646 21 312
1996 3814 35 659
1997 3576 29 326
1998 4 313 27 044
1999 2700 31071
2000 1030 23 561
2001 1122 35074
2002 283 24 358
2003 152 25 980
2004 171 30 284

The consumption of energy in this sector has suffered a stagnation in the most recent years
after 1999. The introduction of natural gas has almost replaced fully the consumption of LPG
and most of the consumption of residual fuel oil, that was in dominance in 1990.
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Figure 3.31 — Total Energy Consumption in the Glass Industry between 1990 and 2004
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Figure 3.32 — Fuel consumption per fuel type in Glass Industry in 1990 and 2004
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Table 3.51 — Low Heating Values/ Net Calorific Values (LHV/NCV) in the Cement Industry

(MJ/kg)
. Natural
izl Coke Tires LPG Gasoline Kerosene | Gas Oil Res@ual Gas Biomass
Coal Oil
(MJ/Nm3)
26.2 27.0 23.9 47.3 44.8 43.7 43.3 40.2 38.7 12.6
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Energy

Year SéiZT Coke Tires LPG Kerosene Gas Oil Res(;?lual NaGt;;aI Biomass

1990 20 688 254 488 593 199 591 29728 28 312509 | 1034949 0 256 820
1991 22 277 043 4759 183 533 40 308 7 354 476 | 1229272 0 252 343
1992 20 782 282 426 362 57 455 67 886 46 363364 | 1002711 0 248 536
1993 18982944 | 1965079 131 565 64 477 29 368 617 986 585 0 243 556
1994 20713 811 916 712 101 263 62 105 22 352902 | 1138851 0 243 556
1995 19489498 [ 3062569 93 938 65 418 15 368 873 | 1347842 0 243 556
1996 18773198 3101757 161 271 72327 2 388015| 1393357 0 258 577
1997 16344826 | 5413331 168 071 266 646 2 416 635| 1423000 0 258 577
1998 11752914 | 7788250 150 582 214 585 0 238463 | 1276636 66 259 124
1999 9642624 | 11 031 609 191 478 128 680 5 288774 1156352 287 258 787
2000 12276213 | 8987 620 182 149 176 138 0 321067 1011793 67 487 258 996
2001 7 608 690 | 11 462 357 188 233 199 583 47 860 504 276 | 1208059 79 191 258 996
2002 7631971 14 725 540 204 458 166 823 6 220 638 213 963 815 175 691 258 996
2003 5431625| 15217 193 302 834 131 029 21087 549 395 816 961 351 421 258 996
2004 5431625| 15217 193 302 834 103 298 0 501 854 763 274 528 346 258 996

Table 3.53 — Fuel consumption in the Cement Industry — Static Engines (GJ)

Year | Gasoline Gas Oil

1990 7 608 312 509
1991 6 285 354 476
1992 8 526 363 364
1993 6748 368 617
1994 8 011 352 902
1995 10 978 368 873
1996 13 321 388 015
1997 11 577 416 635
1998 8 438 238 463
1999 6 077 288 774
2000 2 997 321 067
2001 9076 504 276
2002 2 390 638 213
2003 1955 549 395
2004 1197 501 854

Six units produce clinker and cement in Portugal, representing the majority of fuel combustion in
this economic sector. Petroleum coke has been, in recent years, replacing the use of imported
coal in the kilns. Relevant is also to note the use of old tires as energy source.
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Figure 3.33 — Total Energy Consumption in the Cement Industry between 1990 and 2004
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Figure 3.34 — Fuel consumption per fuel type in the Cement Industry in 1990 and 2004
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Table 3.54 — Low Heating Values/ Net Calorific Values (LHV/NCV) in clothing, shoes and
leather Industries

. . . . Natural Gas g
LPG | Gasoline | Kerosene | Gas QOil | Residual Oil (MJ/Nm3) Biomass
LHV (MJ/kg) | 47.3 44.8 43.7 43.3 40.2 38.7 12.6
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Table 3.55 — Fuel consumption in the clothing, shoes and leather Industries — Boilers and

Furnaces (GJ)
Year LPG Kerosene | Gas Oil Resouijlual Nzét:;al Biomass
1990 56 700 28 27 647 765 605 0 279 958
1991 111 282 42 27 348 857 242 0 275 063
1992 162 079 35 25753 | 1391289 0 270 921
1993 | 206 088 7 24 405 | 1825000 0 265 523
1994 | 221966 0 25331] 1335613 0 265 481
1995 | 239020 0 22 316 704 376 0 265 481
1996 | 305465 0 24 033 791 071 0 281 590
1997 | 313 963 0 19 935 775 571 0 281 590
1998 | 329 960 0 20 217 714 440 7916 282 186
1999 | 312795 0 19 259 646 429 34 646 282 427
2000 | 225900 0 15 069 349 856 152 751 282 636
2001 | 314 991 0 17 792 370 295 388 035 282 636
2002 | 297 297 0 14 765 466 138 266 962 282 636
2003 | 259 827 0 12 894 333 169 447 383 0
2004 | 241927 0 11749 323 514 487 088 0

Table 3.56 — Fuel consumption in the clothing, shoes and leather Industry — Static Engines (GJ)

Year Gasoline Gas Oil

1990 1961 27 647
1991 2 750 27 348
1992 7 810 25753
1993 7113 24 405
1994 9 394 25 331
1995 8 662 22 316
1996 8 247 24 033
1997 7 984 19 935
1998 7 524 20 217
1999 6 185 19 259
2000 3833 15 069
2001 13192 17 792
2002 2 320 14 765
2003 1362 12 894
2004 800 11 749
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Figure 3.35 — Total Energy Consumption in the clothing, shoes and leather Industries
between 1990 and 2004
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Figure 3.36 - Fuel consumption per fuel type in the clothing, shoes and leather Industries
in 1990 and 2004
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Table 3.57 — Low Heating Values/ Net Calorific Values (LHV/NCV) in the Wood Industry

. . . . Natural Gas .
LPG Gasoline | Kerosene | Gas Oil | Residual Oil (MJ/Nm3) Biomass
LHV (MJ/kg) 47.3 44.8 43.7 43.3 40.2 38.7 12.6
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Table 3.58 — Fuel consumption in the Wood Industry — Boilers and Furnaces (GJ)

Year LPG Kerosene | Gas Oil | Residual Oil | Natural Gas Biomass

1990 85 257 69 250 246 1345 541 0 1309 205
1991 100 153 57 246 290 1275 845 0 1286 318
1992 96 584 11 208 089 688 924 0 1266 946
1993 110 646 22 179 398 1074773 0 1241 590
1994 115 817 21 184 980 1785181 0 1241 590
1995 115 223 0 192 129 3 034 466 0 1241 590
1996 131 520 0 204 520 3 085 937 0 1317 573
1997 | 330118 1912 479 619 2 897 581 0 1317 573
1998 | 343317 2900 577 975 2 838 039 12 1320 360
1999 | 378236 74 497 917 2 842 876 35 845 895 593
2000 | 467 589 85 206 123 2 937 801 243 872 907 236
2001 | 444713 81 255 226 1741058 315 564 903 766
2002 | 426 429 84 208 142 2118 219 354 951 618 075
2003 | 381836 73 202 161 1998 170 452 243 1637 257
2004 | 303397 57 322 906 2 070 544 540 499 1693 231

Table 3.59 — Fuel consumption in the Wood Industry — Static Engines (GJ)

Gasoline Gas Oil

Year (GJ) (GJ)

1990 792 250 246
1991 1831 246 290
1992 3552 208 089
1993 3622 179 398
1994 9242 184 980
1995 11 009 192 129
1996 11948 204 520
1997 132 822 479 619
1998 169 127 577 975
1999 129 553 497 917
2000 4047 206 123
2001 30 937 255 226
2002 3231 208 142
2003 2 502 202 161
2004 1594 322 906

Although total consumption of energy from combustion has increased from 1990 to 2004, there
is not a constant trend along periods, but instead oscillations along the period. The share of
fuels has been maintained fairly constant, dominated by the use of residual fuel oil and
biomass, and the introduction of natural gas was less important than for other sectors.
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Figure 3.37 — Total Energy Consumption in the Wood Industry between 1990 and 2004
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Figure 3.38 — Fuel consumption per fuel type in the Wood Industry in 1990 and 2004
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Table 3.60 — Low Heating Values/ Net Calorific Values (LHV/NCV) in the Rubber Industry

88

. ) . .| Natural Gas .
LPG Gasoline | Kerosene | Gas Oil | Residual Oil (MIINm3) Biomass
LHV (MJ/kg) 47.3 44.8 43.7 43.3 40.2 38.7 12.6
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Table 3.61 — Fuel consumption in the Rubber Industry — Boilers and Furnaces (GJ)

Energy

Year LPG Kerosene Gas QOil Rescl)?lual N?;t;;al Biomass

1990 27 671 240 5478 571116 0 46 820
1991 30 069 268 6 781 462 204 0 45 983
1992 28 308 223 13 604 344 038 0 45 314
1993 27 882 188 13 622 286 765 0 44 393
1994 30 736 118 14 576 262 449 0 44 393
1995 33 265 135 13 461 270 483 0 44 393
1996 39 185 168 14 008 268 019 0 47 280
1997 71109 60 11 586 281 207 0 47 280
1998 27 993 28 11 869 307 506 373 47 380
1999 26 017 13 16 800 352 751 1614 47 322
2000 28 093 48 29 560 379 685 35797 47 280
2001 35 377 15 33 365 203 195 141 557 47 280
2002 29 338 0 29 323 87 426 278 541 47 280
2003 27 662 1 24 544 67 610 356 714 0
2004 19 790 0 25 387 50 847 413 590 0

Table 3.62 — Fuel consumption in the Rubber Industry — Static Engines (GJ)

Year Gasoline Gas Oil

1990 0 5478
1991 0 6 781
1992 1641 13 604
1993 2 359 13 622
1994 3486 14 576
1995 4725 13 461
1996 5170 14 008
1997 7 280 11 586
1998 6 989 11 869
1999 20 478 16 800
2000 57 411 29 560
2001 53 084 33 365
2002 48 393 29 323
2003 43 541 24 544
2004 43 983 25 387
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Figure 3.39 — Total Energy Consumption in the Rubber Industry between 1990 and 2004
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Figure 3.40 — Fuel consumption per fuel type in the Rubber Industry in 1990 and 2004
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Table 3.63 — Low Heating Values/ Net Calorific Values (LHV/NCV) in the Manufacturing of
Machines and Metallic Equipments Industry (GJ)

. Natural
LPG Gasoline Kerosene Gas Oil Rescl)?lual Gas Biomass
(GI/KNm?)
LHV (MJ/kg) 47.3 44.8 43.7 43.3 40.2 38.7 12.6
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Table 3.64— Fuel consumption in the Manufacturing of Machines and Metallic Equipments

Industry — Boilers and Furnaces (GJ)

Year LPG Kerosene Gas Oil Resoi?lual Nz(a;t;;al Biomass

1990 1463 621 5897 165 914 885 427 0 28 368
1991 1512 383 2 696 163 350 814 743 0 27 866
1992 1534 223 1232 176 085 862 680 0 27 448
1993 1512 254 429 159 784 535 701 0 26 904
1994 1619 962 106 154 794 647 603 0 26 904
1995 1 605 495 77 210 767 508 242 0 26 904
1996 1628 553 206 254 552 1021508 0 28 452
1997 2 370 280 208 217 276 727 924 167 933 28 452
1998 2 456 009 238 250 241 975 620 445 869 28 512
1999 2 268 829 377 238 777 650 999 730723 15993
2000 1783872 323 117 590 770 132 1219492 16 201
2001 1674634 136 175 163 494 440 1606 199 16 192
2002 1421 680 182 170 510 401 219 1763 389 16 192
2003 1 330 280 110 151 271 331183 2133290 16 992
2004 1 326 956 111 135 478 281725] 2117 108 17 992

Table 3.65 — Fuel consumption
Industry — Static Engines (GJ)

in the Manufacturing of Machines and Metallic Equipments

Year Gasoline Gas QOil

1990 43 694 165 914
1991 50 417 163 350
1992 84 252 176 085
1993 69 992 159 784
1994 95 095 154 794
1995 101 273 210 767
1996 165 257 254 552
1997 162 860 217 276
1998 157 108 250 241
1999 138 921 238 777
2000 45 657 117 590
2001 100 547 175 163
2002 49713 170 510
2003 104 160 151 271
2004 20 182 135 478
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Figure 3.41 — Total Energy Consumption in the Manufacturing of Machines and Metallic
Equipments Industry between 1990 and 2004
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Figure 3.42 — Fuel consumption per fuel type in the Manufacturing of Machines and
Metallic Equipments Industry in 1990 and 2004
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Table 3.66 — Low Heating Values/ Net Calorific Values (LHV/NCV) in other transformation

industry
. Natural
Lignite LPG Gasoline Kerosene Gas Oil Rescl)(iilual City Gas Gas Biomass
(MJ/Nm3)
LHV (MJ/kg) 17.2 47.3 44.8 437 433 40.2 15.7 38.7 12.6
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Table 3.67 — Fuel consumption in other transformation industry — Boilers and Furnaces (GJ)

Year Lignite LPG Kerosene Gas Oil Resci)(ijlual City Gas N?;t:gal Biomass

1990 446 152 386 4088 169274 ] 1449574 78 0 6 234
1991 206 203 448 3982 219224 1386088 2746 0 6109
1992 34 234 555 3310 238538 1260654 6 360 0 6 025
1993 463 340 825 2197 363 460 938 562 64 686 0 5900
1994 711 395 903 1008 292 137 811178 55 941 0 5900
1995 0 430 781 37 180 548 168 320 55 690 0 5900
1996 0 490 663 1051 262 280 179 097 61914 0 6276
1997 0 114 667 0 20 021 331 72929 0 6276
1998 0 96 638 0 31761 0 68 724 429 6 289
1999 0 128 737 0 27 403 0 60 544 18 688 6 276
2000 0 79 442 0 17 835 0 44 451 111 958 6276
2001 0 49 970 30 24 944 0 6 056 148 858 6276
2002 0 40 456 0 8 164 0 0 154 903 6276
2003 0 33 267 0 7 449 0 0 209 904 33985
2004 0 37 656 0 9784 0 0 197 964 32985

Table 3.68 — Fuel consumption in other transformation industry — Static Engines (GJ)

Year Ga(zoJI ; ne G?CS;J?”

1990 307 169 274
1991 4 849 219 224
1992 221092 238 538
1993 895 944 363 460
1994 503 491 292 137
1995 51 507 180 548
1996 88 067 262 280
1997 28 516 20 021
1998 32759 31 761
1999 23 936 27 403
2000 2620 17 835
2001 14 198 24 944
2002 3592 8 164
2003 3246 7 449
2004 3 020 9784
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Figure 3.43 — Total Energy Consumption in other transformation Industry between 1990
and 2004
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Figure 3.44 — Fuel consumption per fuel type in other transformation industry in 1990 and
2004
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Table 3.69 — Low Heating Values/ Net Calorific Values (LHV/NCV) in the extractive industry

Lignite LPG Gasoline | Kerosene Gas Oil Residual Oil Na(t'\ljl\r].';lll(gas
LHV (MJ/kg) 17.2 47.3 44.8 43.7 43.3 40.2 46.0
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Table 3.70 — Fuel consumption in the extractive industry — Boilers and Furnaces
Year Lignite LPG Gasoline Kerosene Gas Ol Residual Oil | Natural Gas
1990 2402 75 290 0 1929] 484511 110 565 0
1991 2608 76 218 0 14| 523943 254 930 0
1992 1904 74 950 18 1274] 598314 156 191 0
1993 1184 83 878 24 605] 626105 80 907 0
1994 412 100 845 8 625] 469123 49 864 0
1995 0 103 573 0 625] 484376 49 378 0
1996 0 124 108 0 202] 583210 52 824 0
1997 0 182 831 0 553] 916115 124 033 0
1998 0 199 683 0 520] 816776 103 756 0
1999 0 192 150 6 213] 822117 80 694 9817
2000 0 172 033 29 133 0] 1034421 95 513 13 539
2001 0 209 533 0 4] 979018 138 961 404 228
2002 138 743 7376 0] 924267 110 817 52 009
2003 0 102 359 4 850 0] 990731 82 789 50 421
2004 0 65 690 2992 0] 988134 0 778 833

Table 3.71- Fuel consumption in the extractive industry — Static Engines

Year Gan(sG‘oJ ; ne G?SJ?II

1990 16 243 453 879
1991 15 821 492 320
1992 10 436 532 648
1993 8638 530 086
1994 6424 450 284
1995 2036 482 069
1996 3126 580 542
1997 5729 912 961
1998 19 899 813 863
1999 30 243 820 769
2000 20 667 736 750
2001 82 104 979 018
2002 38 758 877 376
2003 25 136 876 411
2004 57 481 875 106
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Figure 3.45 — Total Energy Consumption in the Extractive Industry between 1990 and

2004
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Figure 3.46— Fuel consumption per fuel type in the extractive industry in 1990 and 2004
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Table 3.72 — Low Heating Values/ Net Calorific Values (LHV/NCV) in the Construction and
Building Industry

. . . .| Natural Gas
LPG Gasoline | Kerosene Gas QOil Residual Oil (MJ/kg)
LHV (MJ/kg) 47.3 44.8 43.7 43.3 40.2 46.0
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Table 3.73 — Fuel consumption in the Construction and Building Industry (GJ)

Year LPG Gasoline Kerosene Gas Oil Residual Oil | Natural Gas

1990 233 005 28 161 6 855 5961 423 671 304 0
1991 206 098 54 264 333 6751708 884 706 0
1992 264 421 168 067 2106 6 463 826 876 008 0
1993 462 221 217 517 2772 6 589 927 1775 969 0
1994 696 370 363 631 1179 7 154 205 1412 975 0
1995 912 385 455 546 640 7 705 986 1763816 0
1996 1066 771 682 700 177 7 929 141 1353 841 0
1997 646 260 380 360 1796 8 255 251 1892 148 0
1998 574 093 355 521 11044 8 251 931 2008 223 610
1999 578 294 301 584 228 8 116 581 1429 069 2718
2000 560 826 73 801 130 7673442 1473144 7637
2001 843 368 396 140 389 9 525 562 1637 796 286 481
2002 547 284 61620 279 9 463 552 1856 172 570473
2003 495 233 57 695 104 8 773 984 1295 338 823 671
2004 496 078 55810 93] 10191948 1572038 257 023

Figure 3.47 — Total Energy Consumption in the Construction and Building Industry
between 1990 and 2004
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Figure 3.48 — Fuel consumption per fuel type in the Construction and Building Industry in
1990 and 2004
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The production activity rates that were used to estimate of air emissions (production approach)
are present in next tables. Although for some activities, such as cement production, emissions
were estimated at plant level with plant specific emission factors, this information was
considered confidential and may not be published in NIR.

Total production of paper pulp is reported in Table 3.74. Production data for Kraft paper pulp
from year 1990 to year 2000 was made available to IA directly from the six operating units,
while data for 2001 till 2002 for the same units and the total time series of paper pulp by the
acid sulphide process is from CELPA.

Table 3.74 — Total Paper Pulp Production (Kraft and sulphide paper pulp)

Year 1990 1991 1992 1993 1994 1995 1996
Pulp Production (kton) 1471 1591 1577 1511 1540 1626 1577
Year 1997 1998 1999 2000 2001 2002 2003 2004
Pulp Production (kton) 1694 1698 1752 1772 1805 1929 1890 1925

Figure 3.49 — Total paper pulp production: Kraft and sulphide paper pulp (1990-2004)
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Production of clinker, presented in Table 3.75 and in Figure 3.50, results from data collected
directly from the industrial plants.

Table 3.75 — Total clinker production (1990-2004)

Year 1990 1991 1992 1993 1994 1995 1996
Clinker (kton) 6128 6 311 6 050 6 165 6 352 6679 6 535
Year 1997 1998 1999 2000 2001 2002 2003 2004
Clinker (kton) 6 870 6 821 7380 7 343 6 992 7 544 6 980 6 980
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Figure 3.50 — Total clinker production

(1990-2004)
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Data on annual manufacturing of ceramic products is available from 1990 to 2000 from INE
statistical database. Values from 2001 to 2004 are provisional forecasts made by IA, in some
cases relying also on data from the EU-ETS for 2002. Time series for total production may be
seen in Table 3.76 and Figure 3.51, according to type of ceramic.

Table 3.76 — Ceramic Production according to type of ceramic (kton)

1990 1991 1992 1993 1994 1995 1996
Bricks & roof tiles 2290 2290 2290 2 367 2513 3200 3261
Tiles & other const 478 980 1483 856 822 921 982
Refractory 31 42 53 40 32 32 37
Other ceramic 104 90 76 87 93 107 114
1997 1998 1999 2000 2001 2002 2003 2004
Bricks & roof tiles 3786 4203 4874 4932 5376 5820 5887 5887
Tiles & other const 958 1077 1170 1170 1069 1072 1076 1076
Refractory 225 241 275 300 329 368 406 406
Other ceramic 124 135 141 143 158 167 176 176
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Figure 3.51 — Ceramic Production according to type of ceramic
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The Production values for container glass, lead crystal glass and other glass are presented in
Figure 3.52 and in Table 3.77, and they were established from the INE statistical databases and
information received from Technology Centre for Ceramics and Glass (CTCV). More detailed
discussion of the origins of data sources should be consulted in chapter 4.2.A.5. Because of
confidentiality concerns the production of flat glass may not be published in NIR.

Figure 3.52 - Glass production by glass type (excluding flat glass production)
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Table 3.77- Glass production by glass type (kton/yr) excluding flat glass production

Type of Glass 1990 1991 1992 1993 1994 1995 1996
Container Glass 345 400 510 519 640 663 730
Lead Crystal Glass 0.1 0.2 0.5 0.3 0.4 0.5 0.6
Other Glass 26 28 41 40 39 47 61
Type of Glass 1997 1998 1999 2000 2001 2002 2003 2004
Container Glass 741 751 835 864 936 904 965 965
Lead Crystal Glass 0.9 0.8 0.9 1.0 1.1 1.2 1.2 1.3
Other Glass 54 58 90 100 95 102 109 116

Sinter and lime production in iron and steel integrated plan are reported in chapter 4.2.C.1 —
Industrial Processes: Iron and Steel Production.

3.2.B.3 EMISSION FACTORS

The emissions factors that were used are dependent, in the majority of cases, on the fuels
characteristics and do not vary with the typology of equipments, except in what concerns the
division between fuel use in boilers/furnaces and static engines. It is still not possible to
differentiate emission factors for boilers and process furnaces. These emission factors are
presented in a separate table where relevant.

In the great majority of cases emission factors were taken from international sources:
- EMEP/CORINAIR Emission Inventory Guidebook - 3rd edition (EEA,2002);
- 1996 IPCC Guidelines (IPCC,1997);

- US EPA AP-42 and EIIP (USEPA,1996; USEPA,1996b; USEPA,1998; USEPA, 1998b;
USEPA,1998c).

Table 3.78 to Table 3.83 present the emission factors that were used as default national
emission factors in all cases where no specific emission factors may be used, either because
there are specific methodologies and emission factors available in the bibliography or either
because country specific emission factors were developed from national studies and monitoring
data. They are presented in the subsequent tables.
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Table 3.78 — Default emissions factors of Greenhouse gases for combustion equipments in
Manufacturing Industry

Equipment Fuel Code (ISg;O/é(j) Of)‘%:%z,zf)n f(c)f')ssc,:il (Cgi;iéj; (378;))

Steam Coal S 102 96.1 0.980 100 24 o7
Brown
Coal/Lignite S 105 101.2 0.980 100 24 o7
Coke from Coal S 107 102.0 0.980 100 24 o7
LPG L 303 63.1 0.995 100 1.4 1.4
City Gas G 308 M60.0 0.995 100 2.4 0.7
Coke Oven Gas S 304 M46.5 0.995 100 24 0.7

Boilers oo urmace s 305 | 1025 0995| 100 24 0.7
Fuel Gas,
Hydrogen G 399 63.1 0.995 100 1.4 1.4
Biomass Wood B 111 109.6 1.000 o] “15.0 g3
Kerosene L 206 71.9 0.990 100 0.1 0.6
Diesel Oil L 204 74.1 0.990 100 0.1 0.6
Residual Oil L 203 774 0.990 100 2.9 0.6
Natural Gas G 301 56.1 0.995 100 1.4 1.4
Gasoline L 208 69.3 0.990 100 9.9 0.6

Static Engines Gas Oil L 204 74.1 0.990 100 9.9 0.6
Biogas B 309 M52.0 1.000 0 1.4 1.4

(i IPCC (1997); (ii) EEA (2002); (iii) AP-42

Table 3.79 — Default emissions factors of Indirect precursor gases for combustion equipments
in the Manufacturing Industry

. NO NMVOC CcO
Equipment Fuel Code @) | sy | @ey
Steam Coal S 102 170 190.0 150
Brown
Coal/Lignite S 105 200 190.0 160
Coke from Coal S 107 300 12.0 160
LPG L 303 90 2.5 17
Gasoline L 208 60 1.0 12
City Gas G 308 140 25.0 160
) Coke Oven Gas S 304 90 2.5 160
Boilers Blast Furnace
Gas S 305 55 0.0 160
Fuel Gas,
Hydrogen G 399 90 2.5 17
Biomass Wood B 111 70 150.0 500
Kerosene L 206 60 1.0 12
Diesel Qil L 204 60 1.0 12
Residual Fuel Oil L 203 160 3.0 15
Natural Gas G 301 67 5.0 13
Gasoline L 208 1 300 100.0 12
Static Engines Gas Ol L 204 1100 100.0 12
Biogas L 204 90 2.5 17
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Table 3.80 — Default sulphur content of fuels for combustion equipments in the Manufacturing
Industry (1990-1996)

Fuel NAPFUE | Unit 1990 1991 1992 1993 1994 1995 1996

Steam Coal S 102 % 0.65 0.65 0.65 0.65 0.65 0.65 0.65

Brown Coal/Lignite S 105 % 0.65 0.65 0.65 0.65 0.65 0.65 0.65

Coke from Coal S 107 % 1.0 1.0 1.0 1.0 1.0 1.0 1.0

LPG L 303 % | 0.0016| 0.0016] 0.0016| 0.0016| 0.0016| 0.0016 | 0.0016

Gasoline L 208 % 0.100 [ 0.100 0.100 0.100 0.100 | 0.100 0.050
9

City Gas G 308 S/Nm3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9

Coke Oven Gas S 304 S/INm3 7.05 7.05 7.05 7.05 7.05 7.05 7.05
9

Blast Furnace Gas S 305 S/Nm3 0.045]| 0.045| 0.045 0.045 0.045]| 0.045 0.045

Fuel Gas, Hydrogen G 399 % | 0.0016| 0.0016| 0.0016| 0.0016| 0.0016| 0.0016| 0.0016

Biomass Wood B 111 % 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Biogas B 309 % | 0.0016| 0.0016| 0.0016| 0.0016| 0.0016| 0.0016 | 0.0016

Kerosene L 206 % 0.15 0.03 0.04 0.05 0.03 0.03 0.03

Diesel QOil L 204 % 0.30 0.30 0.30 0.30 0.30 0.30 0.30

Residual Fuel Oil L 203 % 2.84 2.30 2.50 2.23 2.26 2.26 2.26
9

Natural Gas G 301 S/INm3 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Table 3.81 - Default sulphur content of fuels for combustion equipments in the Manufacturing
Industry (1997-2004)

Fuel NAPFUE 1997 1998 1999 2000 2001 2002 2003 2004
Steam Coal S 102 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65
Brown Coal/Lignite S 105 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65
Coke from Coal S 107 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
LPG L 303 0.0016 0.0016| 0.0016| 0.0016 0.0016 0.0016 0.0016 0.0016
Gasoline L 208 0.050 0.050 0.050 0.050 0.015 0.015 0.015 0.015
City Gas G 308 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coke Oven Gas S 304 7.05 7.05 7.05 7.05 7.05 7.05 7.05 7.05
Blast Furnace Gas S 305 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045
Fuel Gas, Hydrogen G 399 0.0016 0.0016| 0.0016| 0.0016 0.0016 0.0016 0.0016 0.0016
Biomass Wood B 111 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Biogas B 309 0.0016 0.0016| 0.0016 | 0.0016 0.0016 0.0016 0.0016 0.0016
Kerosene L 206 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Diesel Oil L 204 0.30 0.30 0.30 0.25 0.20 0.20 0.20 0.20
Residual Fuel Oil L 203 2.26 2.26 2.26 2.26 2.26 2.26 1.00 1.00
Natural Gas G 301 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
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Table 3.82 — Default emissions factors of Particulate Matter for combustion equipments in the
Manufacturing Industry

Equipment Fuel Code (J/EF;) (OZ'I’\'ASMI)D) ((;’ ¥|82|5>) ((VF; ¥|Sl";)
Steam Coal S 102 68.3 20 20 20
Brown Coal/Lignite S 105 1165.9 35 10 6
Coke from Coal S 107 68.3 20 20 20
LPG L 303 3.0 100 100 100
City Gas G 308 0.8 100 100 100
Coke Oven Gas S 304 0.8 100 100 100
Boilers Blast Furnace Gas s 305 0.8 100 100 100
Fuel Gas, Hydrogen G 399 0.8 100 100 100
Biomass Wood B 111 172.0 90 76 67
Kerosene L 206 6.5 50 12
Diesel Qil L 204 6.5 50 12
Residual Fuel Oil ® L 203 53.0 86 56 36
Natural Gas G 301 0.8 100 100 100
Gasoline L 208 43.0 100 100 100
Static Engines Gas Oil L 204 133.3 100 100 100
Biogas B 309 6.9 100 100 100

(a) Decreasing function of sulphur content (USEPA)

Table 3.83 — Default emissions factors of Heavy Metals for combustion equipments in
Manufacturing Industry

Equipment Fuel NAPFUE cd Ho As cr cu NI se “n
g/ton
Steam Coal S 102 5.2E-02 | 1.7E-01 | 4.5E-01 | 3.6E-01 | 4.7E-01 | 7.2E-01 | 2.7E-01 | 1.3E+00
Brown Coal/Lignite S 105 4.0E-03 | 6.0E-02 | 4.0E-02 | 3.0E-02 | 2.0E-02 | 4.0E-02 | 0.0E+00 | 1.0E-01
Coke from Coal S 107 5.2E-02 | 1.7E-01 | 4.5E-01 | 3.6E-01 | 4.7E-01 | 7.2E-01 | 2.7E-01 | 1.3E+00
LPG L 303 1.8E-05 | 4.2E-03 | 3.2E-06 | 2.2E-05 | 1.4E-05 | 3.4E-05 | 3.8E-07 | 4.6E-04
City Gas G 308 1.8E-05 | 4.2E-03 | 3.2E-06 | 2.2E-05 | 1.4E-05 | 3.4E-05 | 3.8E-07 | 4.6E-04
Coke Oven Gas S 304 1.8E-05 | 4.2E-03 | 3.2E-06 | 2.2E-05 | 1.4E-05 | 3.4E-05 | 3.8E-07 | 4.6E-04
Boilers Blast Furnace Gas S 305 1.8E-05 | 4.2E-03 | 3.2E-06 | 2.2E-05 | 1.4E-05 | 3.4E-05 | 3.8E-07 | 4.6E-04
Fuel Gas, Hydrogen G 399 1.8E-05 | 4.2E-03 | 3.2E-06 | 2.2E-05 | 1.4E-05 | 3.4E-05 | 3.8E-07 | 4.6E-04
Biomass Wood B 111 1.5E-02 | 1.0E-01 [ 4.3E-02 | 5.0E-04 | 1.0E-01 | 6.0E-03 | 2.3E-02 | 2.0E+00
Kerosene L 206 2.6E-01 | 0.0E+00 | 0.0E+00 | 5.0E-02 | 1.1E+00 | 2.9E-01 | 3.0E-02 | 3.0E+00
Diesel Oil L 204 4.0E-02 | 1.7E-02 | 6.4E-02 | 2.6E-01 | 6.5E-01 | 6.0E-02 | 3.7E-02 | 4.3E-01
Residual Fuel Oil L 203 6.8E-01 | 5.1E-01 | 5.6E-01 [ 1.7E+00 | 7.4E-01 | 2.7E+01 | 6.8E-02 | 1.9E+00
Natural Gas G 301 1.8E-05 | 4.2E-03 | 3.2E-06 | 2.2E-05 | 1.4E-05 | 3.4E-05 | 3.8E-07 | 4.6E-04
] Gasoline L 208 2.6E-01 | 0.0E+00 | 0.0E+00 | 5.0E-02 | 1.1E+00 | 2.9E-01 | 3.0E-02 | 3.0E+00
E;ag:ﬁes Gas Qil L 204 4.0E-02 | 1.7E-02 | 6.4E-02 | 2.6E-01 | 6.5E-01 | 6.0E-02 | 3.7E-02 | 4.3E-01
Biogas B 309 1.8E-05 | 4.2E-03 | 3.2E-06 | 2.2E-05 | 1.4E-05 | 3.4E-05 | 3.8E-07 | 4.6E-04

The following emission factors were used for specific industrial sectors.
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Table 3.84 —Emission factors of Greenhouse gases in the extractive industry
Oxidation
. CO;, % C CH4 N,O
Equipment Fuel NAPFUE (kg/GJ) fact_or fossil | (9/G3) | (g/GI)
(ratio)
LPG L 303 62.8 0.995 100 1.5 1.4
Gasoline L 208 68.6 0.990 100 0.1 0.6
Kerosene L 206 71.1 0.990 100 0.6 0.6
Boilers Diesel Ol L 204 73.3 0.990 100 0.6 0.6
Residual Oil L 203 76.6 0.990 100 1.4 0.6
Natural Gas G 301 55.8 0.995 100 1.4 1.4
Lignite S 105 99.2 0.980 100 2.4 0.7
. . Gasoline L 208 68.6 0.990 100 60 0.6
Static Engines
Gas Ol L 204 73.3 0.990 100 60 0.6
Table 3.85 — Emission factors of Indirect precursor gases in the extractive industry
. NO, NMVOC [ co
Equipment Fuel NAPFUE (9/GJ) ©/cd) | /ey
LPG L 303 65 25 50
Gasoline L 208 60 1 12
Kerosene L 206 60 1 20
Boilers Diesel Qil L 204 60 1 20
Residual Oil L 203 160 3 20
Natural Gas G 301 67 5 13
Lignite S 105 200 190 160
- 1300 100 20
Static Engines Gasoline L 208
Gas Oil L 204 1100 100 20
Table 3.86 — Sulphur content in fuels used in the extractive industry (%S)
Lead Unlead . Residual | Natural e
Year LPG Gasoline | Gasoline Kerosene | Gas Oil oil Gas Lignite
1990 0.0016 0.10 0.100 0.15 0.30 2.84 0.0007 | 0.65
1991 0.0016 0.10 0.100 0.15 0.30 2.30 0.0007 | 0.65
1992 0.0016 0.10 0.100 0.15 0.30 2.50 0.0007 | 0.65
1993 0.0016 0.10 0.100 0.15 0.30 2.23 0.0007 | 0.65
1994 0.0016 0.10 0.100 0.15 0.30 2.26 0.0007 | 0.65
1995 0.0016 0.10 0.100 0.15 0.30 2.26 0.0007 | 0.65
1996 0.0016 0.10 0.050 0.15 0.30 2.26 0.0007 | 0.65
1997 0.0016 0.10 0.050 0.15 0.30 2.26 0.0007 | 0.65
1998 0.0016 0.10 0.050 0.15 0.30 2.26 0.0007 | 0.65
1999 0.0016 0.10 0.050 0.15 0.30 2.26 0.0007 | 0.65
2000 0.0016 0.10 0.050 0.15 0.25 2.26 0.0007 | 0.65
2001 0.0016 0.02 0.015 0.15 0.20 2.26 0.0007 | 0.65
2002 0.0016 0.02 0.015 0.15 0.20 2.26 0.0007 | 0.65
2003 0.0016 0.02 0.015 0.15 0.20 1.00 0.0007 | 0.65
2004 0.0016 0.02 0.015 0.15 0.20 1.00 0.0007 | 0.65
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Table 3.87 — Emission factors of Particulate Matter gases in the extractive industry
: TSP PM;o PMzs PM: o
Equipment pe Code | gicy) |@TsP)| @ TsP) | 0 TSP)
LPG L 303 3 100 100 100
Gasoline L 208 43 100 100 100
Kerosene L 206 7 50 12 8
Boilers Gas Oil L 204 6.5-133.3 50 12 8
Residual Oil | L 203 53.0-88.9 86 56 36
Natural Gas | G 301 1 100 100 100
Lignite S 105 1166 35 10 6
. . Gasoline L 208 43 100 100 100
Static Engines
Gas Oil L 204 133 100 100 100
Table 3.88 — Emission factors of Heavy Metals in the extractive industry
. Cd | Hg | Ar | Cr | Cu | Ni | Se | Zn
Equipment Fuel Code
g/ton
LPG L 303 1.8E-05 | 4.2E-03 | 3.2E-06 | 2.2E-05 | 1.4E-05 | 3.4E-05 | 3.8E-07 | 4.6E-04
Gasoline L 208 2.6E-01 | 0.0E+00 | 0.0E+00 | 5.0E-02 [ 1.1E+00 | 2.9E-01 | 3.0E-02 | 3.0E+00
Kerosene L 206 4.0E-02 | 1.7E-02 | 6.4E-02 | 2.6E-01 | 6.5E-01 | 6.0E-02 | 3.7E-02 | 4.3E-01
Boilers Gas Oil L 204 4.0E-02 | 1.7E-02 | 6.4E-02 | 2.6E-01 | 6.5E-01 | 6.0E-02 | 3.7E-02 | 4.3E-01
Residual Oil | L 203 6.8E-01 | 5.1E-01| 5.6E-01 | 1.7E+00 | 7.4E-01 | 2.7E+01 | 6.8E-02 | 1.9E+00
Natural Gas | ¢ | 301 1.8E-05 | 4.2E-03 | 3.2E-06 | 2.2E-05 | 1.4E-05 | 3.4E-05 | 3.8E-07 | 4.6E-04
Lignite s 105 4.0E-03 | 6.0E-02 | 4.0E-02 | 3.0E-02 | 2.0E-02 | 4.0E-02 | 0.0E+00 | 1 0E-01
_ _ Gasoline L 208 2.6E-01 | 0.0E+00 | 0.0E+00 | 5.0E-02 | 1.1E+00 | 2.9E-01 | 3.0E-02 | 3.0E+00
Static Engines
Gas Oil L 204 4.0E-02 | 1.7E-02 | 6.4E-02 | 2.6E-01 | 6.5E-01 | 6.0E-02 | 3.7E-02 | 4.3E-01

Table 3.89 — Emission factors for Greenhouse gases in the building and construction industry
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LHV CO, CH, N.O
Fuel NAPFUE Oxidation % C

MJ/kg kg/GJ Factor fossil g/GJ g/GJ

Residual Oil L 203 4017 77.4 0.990 100 1.6 0.6

Gas Oil L 204 43.31 74.1 0.990 100 5.0 0.6

Kerosene L 206 43.72 71.9 0.990 100 5.0 0.6

Motor Gasoline L 208 4477 69.3 0.990 100 9.9 0.6

LPG L 303 47.28 63.1 0.995 100 1.5 1.4

Natural Gas G 301 45.97 56.1 0.995 100 9.9 1.4
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Table 3.90 — Emission factors for Indirect Precursor gases in the building and construction

industry
NOy NMVOC CoO
Fuel NAPFUE

g/GJ g/GJ g/GJ
Residual Oil L 203 160 3 20
Gas QOll L 204 1100 51 20
Kerosene L 206 60 51 20
Motor Gasoline L 208 1300 100 20
LPG L 303 1200 3 50
Natural Gas G 301 1200 100 20

Table 3.91 — Sulphur content in the fuels used in the building and construction industry (%S)

Year LPG G';Asoc:ﬁrze Kerosene Gas Oil Re%(ijlual Naét:;al

1990 0.0016 0.10 0.15 0.30 2.84 0.0007
1991 0.0016 0.10 0.15 0.30 2.60 0.0007
1992 0.0016 0.10 0.15 0.30 2.60 0.0007
1993 0.0016 0.10 0.15 0.30 2.60 0.0007
1994 0.0016 0.10 0.15 0.30 2.60 0.0007
1995 0.0016 0.10 0.15 0.20 2.60 0.0007
1996 0.0016 0.10 0.15 0.05 2.60 0.0007
1997 0.0016 0.10 0.15 0.05 2.60 0.0007
1998 0.0016 0.10 0.15 0.05 2.60 0.0007
1999 0.0016 0.10 0.15 0.05 2.60 0.0007
2000 0.0016 0.10 0.15 0.05 2.60 0.0007
2001 0.0016 0.02 0.15 0.05 2.60 0.0007
2002 0.0016 0.02 0.15 0.04 2.60 0.0007
2003 0.0016 0.02 0.15 0.04 1.00 0.0007
2004 0.0016 0.02 0.15 0.04 1.00 0.0007

Table 3.92 — Emission factors for Particulate Matter in the building and construction industry

TSP PMio PM25 PMa,o
NAPFUE Fuel
g/GJ (% TSP) (% TSP) (% TSP)
Residual Oil L 203 53.0 62 23 14
Gas Ol L 204 6.5 55 42 37
Kerosene L 206 6.5 55 42 37
Motor Gasoline L 208 43.0 100 100 100
LPG L 303 25 100 100 100
Natural Gas G 301 0.8 100 100 100
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Table 3.93 — Emission factors for Heavy Metals in the building and construction industry

Pb | Cd | Hg | As | Cr | Cu | Ni | Se | Zn
Fuel NAPFUE
g/ton
Residual Ol L 203 1.30E+00 | 4.026-04 | 5.07E-01 | 1.21E:03 | 4.02E-03 | 7.41E-01 | 2.60E+01 | 6.84E-02 | 1.90E+00
Gas Oil L 204 2.00E-01 | 3.96E-02 | 1.69E-02 | 6.38E-02 | 2.61E-01 | 6.50E-01 | 6.00E-02 | 3.66E-02 | 4.33E-01
Kerosene L 206 2.00E-01 | 3.96E-02 | 1.69E-02 | 6.38E-02 | 2.61E-01 | 6.50E-01 | 6.00E-02 | 3.66E-02 | 4.33E-01
Motor Gasoline L 208 5.26E+02 | 3.96E:02 | 1.69E-02 | 6.38E-02 | 2.61E-01 | 6.50E-01 | 6.00E-02 | 3.66E-02 | 4.33E-01
LPG L 303 0.00E+00 | 1.76E-05 | 4.18E-03 | 3.20E-06 | 2.24E:05 | 1.36E-05 | 3.36E-05 | 3.84E-07 | 4.64E-04
Natural Gas G 301 0.00E+00 | 1.76E-05 | 4.18E-03 | 3.20E-06 | 2.24E-05 | 1.36E-05 | 3.36E-05 | 3.84E-07 | 4.64E-04

Other specific emission factors were used for some industrial units, some of them obtained from
direct measurements in Large Point Sources (LPS) or result from bibliographic references
specific of the industrial sector. Some of the emission factors are used in the process approach
and are applied to production data instead of fuel consumption data. These emission factors are
listed in the tables below, arranged by sector and indicating if they only apply to Large Point
Sources (LPS).

Table 3.94 — Emission factors for use in LPS units in the Iron and steel Industry: Greenhouse
Gases from combustion

CO,
: Aot CH N.O
Equipment Fuel NAPFUE Oxidation g
kg/GJ Factor % C fossil (9/GJ) (9/GJ)
(ratio)
Coquerie Coke oven gas S 304 40.79 0.995 100 2.5 14
Sintering Coke oven gas S 304 40.79 0.995 100 2.5 14
Coke oven gas S 304 40.79 0.995 100 25 1.4
Blast Furnace
Cowpers
Blast furnace gas S 305 296.23 0.995 100 25 1.4
) ) Residual oil L 203 76.59 0.990 100 3.0 0.6
Rolling mills
Coke oven gas S 304 40.79 0.995 100 2.5 14
Coke oven gas S 304 40.79 0.995 100 2.5 14
Thermo-Electric [ g ¢ fyrnace gas | S 305 296.23 0.995 100 25 1.4
Power plant
Residual oil L 203 76.59 0.990 100 3.0 0.6
Tar L 299 79.86 0.990 100 3.0 0.6
LPG L 303 62.75 0.995 100 4.0 1.4
Heat power Tar L 299 79.86 0.990 100 3.0 06
plant
Waste oils o 115 76.59 0.990 100 3.0 0.6
Lime kiln Residual Oil L 203 76.59 0.990 100 3.0 0
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Table 3.95 — Emission factors (Energy Approach) for use in LPS units in the Iron and steel
Industry: Indirect Precursors from combustion

. NOy %S NMVOC CO
Equipment Fuel NAPFUE -
g/GJ % Units g/GJ g/GJ
Coquerie Coke oven gas S 304 120 7.05 | g S/INm3 2.5 17
Sintering Coke oven gas S 304 PA 7.05| g S/Nm3 PA PA
Coke oven gas S 304 120 7.05 | g SINm3 2.5 17
Blast Furnace
Cowpers
Blast furnace gas S 305 70 0.045 | g SINm3 2.5 17
. . Residual oil L 203 190 35|%S 3 15
Rolling mills
Coke oven gas S 304 120 7.05| g S/Nm3 2.5 17
Coke oven gas S 304 120 7.05| g S/Nm3 2.5 17
Blast furnace gas S 305 70 0.045 | g S/INm3 2.5 17
Thermo Electric - -
Power plant Residual oil (3.5%) | L 203 190 35|%S 3 15
Residual oil (1%) L 203 190 11%S 3 15
Tar L 299 300 06|%S 3 15
LPG L 303 160 0.005 | % S 4 17
Heat power plant Tar L 299 300 06|%S 3 15
Waste Oils (0] 115 190 0|%S 3 15
Lime kiln Residual Oil L 203 PA 35|%S 3 PA

Note: PA = Process Approach

Table 3.96 — Emission factors (Production Approach) for use in LPS units in the Iron and steel
Industry: Indirect Precursors from combustion
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i NO, SO NMVOC co
Equipment Fuel NAPFUE (kg/ton) (kg/ton) (kg/ton) (kg/ton)
Sintering Cokeovengas | S 304 0.5 1.0 0.10 30
Lime kiln Residual Oil L 203 0.1 0.42 - 2
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Table 3.97 — Emission factors (Energy Approach) for use in LPS units in the Iron and steel
Industry: Particulate Matter from combustion

Equipment Fuel NAPFUE TSP it i ik
g/GJ (% TSP) (% TSP) (% TSP)
Cokery Coke oven gas S 304 3 96 94 77
Sintering Coke oven gas S 304 PA 15 7 4
Coke oven gas S 304 3 100 100 100
Blast Furnace
Cowpers gB;aSSt furnace s | 305 3 100 100 100
Coke oven gas 304 3 100 100 100
gB;aSSt furnace s | 305 3 100 100 100
lﬁﬁg‘;iff’”“’ ge_gf,;:‘)‘a' ol L 203 108 86 56 36
Residual oil (1%) | L 203 37.5 86 56 36
Tar L 299 108 86 56 36
LPG L 303 3 100 100 100
;2?& power  Iror L | 200 108 86 56 1
Waste Oils (0] 115 108 86 56 36
Lime kiln Residual Oil L 203 PA 100 100 100

Note: PA = Process Approach

Table 3.98 — Emission factors (Production Approach) for use in LPS units in the Iron and steel
Industry: Particulate Matter from combustion

. TSP PMio PMas PMy,o

S pIE A NAPFUE | giton) | (% TSP) (% TSP) (% TSP)
Sintering Cokeovengas | S 304 3.9 15 6.5 4
Lime kiln Residual Oil | L 203 6.8 100 100 100

Table 3.99 — Emission
Gases from combustion

factors for use in LPS units in the Chemical Industry: Greenhouse

110

Oxidation CH N,O
Equipment Fuel NAPFUE | CO, (kg/GJ) Factor % C fossil ( IG3) ( /EJ)
(ratio) 9 9
Residual Fuel Oil | L 203 77.37 0.990 100 3 06
Boilers Pyrolisys Fuel Oil | L 203 77.37 0.990 100 3 0.6
Fuel Gas L 307 50.05 0.995 100 25 1.4
50.05 0.995 100 25 1.4
Furnaces Fuel Gas L 307
. . Residual Fuel Oil | L 203 77.37 0.990 100 60 0.6
Static Engines
Diesel Oil L 204 74.07 0.990 100 60 0.6
Flares Flare Gas L 307 59.2-65.6 0.995 100 - -
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Table 3.100 — Emission factors for use in LPS units in the Chemical Industry: Indirect
Precursor Gases from combustion

. NOy NMVOC CO
Equipment Fuel Code (9/GJ) (9/GJ) (0/G)
Residual Fuel Oil | L 203 140-170 3.0 15
Boilers Pyrolisys Fuel Oil | L 203 170 3.0 15
Fuel Gas L 307 147 25 13
Fuel Gas L 307 88 25 13
Furnaces
Propane L 303 88 25 13
. . Residual Fuel Oil L 203 900 60 15
Static Engines
Diesel Oil L 204 900 60 12

Table 3.101 — Emission factors for use in LPS units in the Chemical Industry: Sulphur content

of fuels

Year Resci)?lual Pgl:gllig)i'f Fuel Gas Gas Oil Propane

1990 2.5 0.35 0.0005 0.30 0.0005
1991 25 0.35 0.0005 0.30 0.0005
1992 25 0.35 0.0005 0.30 0.0005
1993 3.0 0.35 0.0005 0.30 0.0005
1994 3.0 0.35 0.0005 0.30 0.0005
1995 3.0 0.35 0.0005 0.30 0.0005
1996 3.2 0.35 0.0005 0.30 0.0005
1997 35 0.35 0.0005 0.30 0.0005
1998 2.8 0.35 0.0005 0.30 0.0005
1999 1.9-2.8 0.35 0.0005 0.30 0.0005
2000 1.6 0.35 0.0005 0.25 0.0005
2001 1.8 0.35 0.0005 0.20 0.0005
2002 1.7 0.35 0.0005 0.20 0.0005
2003 1.1-1.7 0.35 0.0005 0.20 0.0005
2004 1.1-1.7 0.35 0.0005 0.20 0.0005

Table 3.102 — Emission factors for use in LPS units in the Chemical Industry: Particulate
Matter from combustion

. TSP PMyo PM.s PMyo
Equipment A CaE (9/GJ) ©TSP) | @TsP) | ©TsP)
Residual Fuel Oil | L 203 41-105 (a) 86 56 36
Boilers Pyrolisys Fuel Oil | L 203 19-20 (a) 86 56 36
Fuel Gas L 307 3 100 100 100
F Fuel Gas L 307 3 100 100 100
urnaces
Propane L 303 3 100 100 100
. . Residual Fuel Oil L 203 30 82 77 77
Static Engines
Diesel Oil L 204 133 100 100 100
Flare Flare Gas L 204 0 0 100 100

(a) Function of sulphur content and year (USEPA), as presented in next table
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Table 3.103 — Emission factors for use in LPS units in the Chemical Industry: Total Particulate
Matter as function of year

Boilers
pean Residual Oil Pyrolisys Fuel
(9/GJ) Oil (9/GJ)

1990 7.7 19.2
1991 7.7 19.2
1992 7.7 19.2
1993 914 19.2
1994 91.4 19.2
1995 91.4 19.2
1996 96.1 19.2
1997 105.2 19.2
1998 85.1 19.2
1999 62.9-87.4 19.6
2000 54.4 19.6
2001 60.0 19.2
2002 57.2 19.2
2003 41.2 19.2
2004 41.2 19.2

Table 3.104 — Emission factors for use in LPS units in the Chemical Industry: Heavy Metals

Code | Cd | Hg | As | Cr | Cu | Ni | Se | Zn
Fuel
g/ton
Residual Oil L 203 | 684E-01| 507E-01 [ 556E-01 [ 1.70E+00 | 7.41E-01 | 2.69E+01 | 6.84E-02 | 1.90E+00
Gas Oil L 204 |396E-02| 169E-02 |638E-02 | 2.61E-01 | 6.50E-01 | 6.00E-02 | 3.66E-02 | 4.33E-01
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Table 3.105 — Emission factors used in LPS units in the Paper Pulp Industry: Greenhouse
Gases from combustion

CO; CH, N,O
Equipment Fuel NAPFUE % C
kg/GJ . Approach EF Unit g/GJ
fossil
Residual Oil L 203 76.6 100 EA 3 g/GJ 0.6
Recovery Black Liquor B 215 73.3 0 PA 0.49 0.6
Boilers kg/ton pu|p
Bisulfite Liquor B 215 73.3 0 PA| 0.625 0.6
Bark/ Wood Wastes B 111 100.8 0 EA 30 g/GJ 4.3
Biomass Residual Fuel Oil L 203 76.6 100 EA 3 g/GJ 0.6
Boilers Natural Gas G 301 55.8 100 EA 14 g/GJ 14
LPG L 303 62.4 100 EA 0.72 g/GJ 14
Auxiliary . .
Boilers Residual Oil L 203 76.6 100 EA 3 g/GJ 0.6
Residual Oil L 203 76.6 100 0.6
Gasified Biomass B - 100.8 0 4.3
Lime Kiln PA 0.065 | kg/ton pulp
Tall-Oil B - 73.3 0 0.6
NCG B - 73.3 100 14
Flares LPG L 303 62.4 100 EA 0.72 g/GJ 14
Estimation Approcah: EA — Energy App.; PA — Production App.
NCG- Non-condensable gases
Table 3.106 — Emission factors used in LPS units in the Paper Pulp Industry: Indirect Gases
from combustion
NO« NMVOC (e{0)
Equipment Fuel
Approach EF Unit Approach EF Unit g/GJ
Residual Oil EA 180 - 210 g/GJ EA 3 g/GJ 15
Recovery -
Boilers Black Liquor PA 1.16 kg/ton pulp PA 0.49 kg/ton pulp 15
Bisulfite Liquor PA 1.25 kg/ton pulp PA 0.625 kg/ton pulp 15
Bark/ Wood wastes EA 200 g/GJ EA 80 g/GJ 500
SLQITE?SSS Residual Oil EA 180 - 210 g/GJ EA g/GJ 15
i
Natural Gas EA 67 g/GJ EA ag/GJ 13
LPG EA 80 g/GJ EA 25 g/GJ 15
Auxiliary . .
Boilers Residual Oil EA 180 - 190 g/GJ EA 3 g/GJ 15
Residual Oil 15
Gasified Biomass 500
Lime Kiln Tall-Oil PA 0.5 kg/ton pulp PA 0.065 kg/ton pulp
15
NCG
15
Flares LPG EA 80 g/GJ EA 25 g/GJ 15
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Table 3.107 — Emission factors used in LPS units in the Paper Pulp Industry: Sulphur Oxides
(SO,) emissions

SOx
Equipment Fuel
Approach EF Unit

Residual Oil EA 1-3.5 %

Recovery -

- Black Liquor PA 3.5

Boilers — q : kg/ton pulp
Bisulfite Liquor PA 12.5
Bark/ Wood wastes EA 0

Biomass Residual Oil EA 1-35

Boilers o
Natural Gas EA 0 %o
LPG EA 0

Auxiliary Residual Oil EA 135

Boilers
Residual Oil PA 0.15
Gasified Biomass PA 0.15

Lime Kiln Tall-Oil PA 0.15 kg/ton pulp
NCG PA 0.15

Flares LPG EA 0 g/GJ

Table 3.108 — Emission factors used in LPS units in the Paper Pulp Industry: Particulate Matter

. TSP PMo PM;s PM1o
Equipment Fuel NAPFUE
Approach EF Unit (%TSP)
Residual Oil L 203 PA ] 935 835 453
Egﬁg‘r’sery Black Liquor B 215 PA kg/ton pulp ' ' '
Bisulfite Liquor B 215 PA 2 100 100 100
Bark & wood B 111 EA 23-172* 74-90 65-76 65-67
wastes
Biomass Residual Oil L 203 EA 108 86 56 36
Boilers Natural Gas G 301 EA 0.8 g/GJ 100 100 100
LPG L 303 EA 3 100 100 100
Auxiliary Residual Oil L 203 EA 108 86 56 36
Boilers
Lime Kiln - L 203 PA 0.25-28* | kglton pulp 16.8 10.5 7.1
Table 3.109 — Emission factors used in LPS units in the Paper Pulp Industry: Heavy Metals
el b | cd | Hg | as | o [ cu | Ni | se | an
g/GJ
Residual Oil 9.31E-01 6.84E-01 5.07E-01 5.56E-01 | 1.70E+00 | 7.41E-01 | 2.69E+01 | 6.84E-02 | 1.90E+00
Black Liquor 5.00E-02 | 1.47E-02 | 1.00E-01 | 4.27E-02 | 5.00E-04 | 1.00E-01 | 6.03E-03 | 2.30E-02 | 2.00E+00
Bisulfite Liquor 5.00E-02 | 1.47E-02 | 1.00E-01 | 4.27E-02 | 5.00E-04 | 1.00E-01 | 6.03E-03 | 2.30E-02 | 2.00E+00
Bark/Wood 5.00E-02 | 1.47E-02 1.00E-01 4.27E-02 | 5.00E-04 | 1.00E-01 | 6.03E-03 | 2.30E-02 | 2.00E+00
Natural Gas 8.00E-06 | 1.76E-05 4.18E-03 3.20E-06 | 2.24E-05 | 1.36E-05 | 3.36E-05 | 3.84E-07 | 4.64E-04
LPG 8.00E-06 | 1.76E-05 4.18E-03 3.20E-06 | 2.24E-05 | 1.36E-05 | 3.36E-05 | 3.84E-07 | 4.64E-04
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For the cement source, sector emissions were estimated using either activity data as energy
consumption (energy approach) or either cement produced (production approach), although
both represent similar emissions in cement kiln. Emission factors are presented in Table 3.110
to Table 3.114. Most emission factors result from plant specific emission factors developed from
monitoring at each installation, as reported to EPER exercise.

;I')able 3.110 — Emission Factors for clinker production units (LPS) using the Energy Approach
a,

e NACHUE (kg/oGzJ) oé:icigcrm (QI\;ZGC\)J)
Residual Oil | L 203 77.4 099] 060
Coal s 102 101.2 098] 070
Petcoke L 110 100.8 099 070
Tires 0 115 99.8 099] 070

(@) — Only CO, from fuels and not including decarbonising
limestone and dolomite rocks

Table 3.111 — Range of emission Factors for clinker production units (LPS) using the
Production Approach: Greenhouse Gases

Parameter | EF (kg/ton clinker)
CH,4 0.001 - 0.257

Table 3.112 — Range of emission Factors for clinker production units (LPS) using the
Production Approach: Indirect Precursors and SOy

Parameter | EF (kg/ton clinker)
SOy 0.05 - 4.10
NOy 1.11 - 3.70
NMVOC 0.007 - 2.570
CO 0.06 - 1.80
NH; 0.005 - 1.041

Table 3.113 — Range of emission Factors for clinker production units (LPS) using the
Production Approach: Particulate Matter

Parameter EF

TSP (kg/ton clinker) 0.014 - 0.309

PMiq 100%

PM; 5 100%

PM; 100%
MAOTDR
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Table 3.114 — Range of emission Factors for clinker production units (LPS) using the

Production Approach: Heavy Metals

Parameter | EF (kg/ton clinker)

Pb 3.0E-05 - 1.5E-03
Cd 1.1E-06 - 2.8E-03
Hg 1.9E-06 - 2.5E-05
As 2.2E-07 - 5.6E-04
Cr 1.5E-05 - 1.6E-03
Cu 2.8E-05 - 2.6E-03
Ni 3.6E-05 - 1.9E-03
Se 7.5E-05 - 1.0E-04
Zn 2.7E-05 - 8.8E-04

Table 3.115 — Greenhouse Gases Emission Factors for ceramic production using the

Production Approach: Greenhouse gases

Ceramic co2® CH,
(kg/ton) | (kg/ton)
Bricks and roof tiles 0.14 0.029
Tiles & other construction
materials 18.57 0.022
Refractory - 0.029
Other ceramic - 0.022

Source: (a) 10 per cent of VOC emissions; (b) EU-ETS

Table 3.116 — Greenhouse Gases Emission Factors for ceramic production using the

Production Approach: Indirect Precursor gases and SOy

NO, sox | NMvoc
Pzl NAPFUE | giton) | (kgiton) | (kgiton)
LPG L 303 0.45 1.50 0.03
S ricice and roof tleg (@ |RESUALOI L 203 0.45 1.13 0.03
ricks and root tiies Natural Gas | G 301 0.45 1,50 0.03
Biomass
Wood B 111 0.47 0.39 0.09
LPG L 303 0.27 0.01 0.22
Tiles & other Residual Oil | L 203 027| 6248 0.22
construction materials ® | Natural Gas | G 301 0.27 0.05 0.22
Biomass
Wood B 111 0.27 0.00 0.22
LPG L 303 0.87 3.80 0.03
Retractony O Residual Oil | L 203 0.87 3.80 0.03
elractory Natural Gas | G 301 0.87 3.80 0.03
Biomass
Wood B 111 0.87 3.80 0.09
LPG L 303 0.27 0.01 0.22
Residual Oil | L 203 027| 6248 0.22
Other Ceramic ©
Natural Gas G 301 0.27 0.05 0.22
Biomass
Wood B 111 0.27 0.00 0.22

Source: (a) USEPA(1997); (b) USEPA(1995f); (c) USEPA (1996c¢)
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Table 3.117 — Greenhouse Gases Emission Factors for ceramic production using the
Production Approach: Particulate Matter

e Gl (;25) (@E¥gﬁ) wZﬁ%;) wZﬁg%)

LPG L 303 0.14 100 100 100

Bricks and roof tiles @ Residual Oil L 203 0.14 88 88 88
Natural Gas G 301 0.14 100 100 100

Biomass Wood B 111 0.13 62 62 62

LPG L 303 11 27 27 27

Tiles & other construction | Residual Oil L 203 11 27 27 27
materials Natural Gas G 301 11 27 27 27
Biomass Wood B 111 11 27 27 27

LPG L 303 68 25 25 25

Refractory ® Residual Oil L 203 68 25 25 25
Natural Gas G 301 68 25 25 25

Biomass Wood B 111 68 25 25 25

LPG L 303 11 27 27 27

Other Ceramic © Residual Oil L 203 11 27 27 27
Natural Gas G 301 11 27 27 27

Biomass Wood B 111 11 27 27 27

Source: (a) USEPA(1997); (b) USEPA(1995f); (c) U

2}

EPA (1996c)

Table 3.118 — Emission Factors for glass production using the Production Approach:
Greenhouse Gases

co2 | cha

Type of Glass

kg/ton
Flat Glass 126 0.01
Container Glass 130 0.45
Lead Crystal Glass 239 0.47
Other Glass 239 0.47

Source: CH4 USEPA (1986); CO2 EUTS data

Table 3.119 — Emission Factors for glass production using the Production Approach:
SOy and Indirect Precursor gases

. sox | Nox | Nmvoc | co
ype of Glass
kg/ton glass

Flat Glass 1.5 4 0.1 0.1

Container Glass 1.7 3.1 4.5 0.1

Lead Crystal Glass 2.8 4.3 4.7 0.1

Other Glass 2.8 4.3 4.7 0.1
Source: USEPA (1986)
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Table 3.120 — Emission Factors for glass production using the Production Approach:
Particulate Matter

Tsp | pvio | pwm2s | pPmLo
Type of Glass kg/ton glass
Flat Glass 1 0.95 0.91 0.91
Container Glass 0.7 0.67 0.64 0.64
Lead Crystal Glass 8.4 7.98 7.64 7.64
Other Glass 8.4 7.98 7.64 7.64

Source: USEPA (1986)

Table 3.121 — Emission Factors for glass production using the Production Approach:
Heavy Metals

Pb | Cd | Hg | As | Cr | Cu | Ni | Se | Zn
Type of Glass kg/ton glass produced
Flat Glass 1.2E-02 | 1.5E-04 | 5.0E-05 | 1.2E-04 | 2.4E-03 | 6.0E-04 | 1.9E-03 | 1.8E-02 | 1.1E-02
Container Glass 1.2E-02 | 1.5E-04 | 5.0E-05 | 1.2E-04 | 2.4E-03 | 6.0E-04 | 1.9E-03 | 1.8E-02 | 1.1E-02
Lead Crystal 2.7E+00 | 1.5E-04 | 5.0E-05 | 1.4E-01 | 2.5E-03 | 5.0E-04 | 2.0E-03 | 2.0E-02 | 1.0E-02
Other Glass 1.0E-02 | 1.5E-04 | 5.0E-05 | 1.0E-04 | 2.5E-03 | 5.0E-04 | 2.0E-03 | 2.0E-02 | 1.0E-02

Emission factors for sinter and lime production in iron and steel integrated plan are reported in
chapter 4.2.C.1 — Industrial Processes: Iron and Steel Production.

3.2.B.4 UNCERTAINTY ASSESSMENT

Different uncertainty values were attributed to different types of sub-sources considering that
different sources of information have diverse error and also assuming that industries for which
energy consumption is a more important factor (Energy intensive industries) tend to have and
report better data. Consequently, in concordance to what is proposed in IPCC (2000) but
always assuming a conservative posture, the following rules were used to establish the
uncertainty associated with activity data:

- when fuel consumption was obtained directly from a Large Point Source (LPS) the
uncertainty of activity data was set at 3% for energy intensive industrial sectors (iron
and steel, cement, paper pulp, glass and ceramics) and 5% for all other sources;

- if fuel consumption, other than biomass, results from statistical information gathered
from the National Energy balances then uncertainty is 5% for energy intensive sectors
and 10% for all other sectors;

- the uncertainty in biomass consumption is always higher, at least because the
moisture content is always doubtful, and the uncertainty was set in all area sources as
60%.

The uncertainty of CO, emission factors is 5% for all situations, which is consistent with GPG
recommendations. Finally the uncertainties for methane is 150% and an order of magnitude for
N,O.
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3.2.C Transport (CRF 1A3)
3.2.C.1 ROAD TRANSPORTATION

Overview

Road transportation is one of the most important emitter of greenhouse gases (GHG) such as
carbon dioxide (CO,), methane (CH4) and nitrous oxide (N2O). It is also a significant emission
source of pollutants associated with trans-boundary, regional and local air problems,
comprehending sulphur oxides (SO,), nitrogen oxides (NO,), carbon monoxide (CO), non
volatile organic compounds (NMVOC) and are indirectly responsible for the formation of ozone
(O3) in the lower troposphere. Substantial emissions of ammonia, particulate matter and heavy
metals result also from this activity.

Exhaust emissions result from the combustion gases in the engine and include all the gases
considezrzed in the inventory. Exhaust emissions were estimated for each of the following vehicle
classes™:

Table 3.122 - Vehicle category split for road transportation

Vehicle Vehicle Class
Gasoline <1.4 ;
Gasoline 1.4 -2.01;
Gasoline >2.0 I;

Diesel <2.0 I;

Diesel >2.0 I;

LPG;

Gasoline

Passenger Cars (PC)

Light Duty Vehicles <3.5 t (LDV)

Diesel

Gasoline

Diesel <7.5t
Diesel 7.5 - 16t
Heavy Duty Vehicles (HDV) Diesel 16 — 32t
Diesel >32 t*°
Urban Buses

Coaches

Mopeds & Motorcycles < 50cm?

Two stroke >50 cm?

Four stroke 50 — 250 cm?
Four stroke 250 — 750 cm?®
Four stroke >750 cm?

Motorcycles

For each vehicle class, exhaust emissions were further disaggregated by:
- Vehicle age or emission abatement technology;

- Fuel type: gasoline, diesel, liquefied petroleum gases (LPG) and compressed natural
gas (CNG);

2 Categories from EMEP/CORINAIR Methodology (3 rd ed)

z Heavy duty vehicles with weight greater than 32 t were assumed not representative within national fleet.
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- Driving mode: highway, rural and urban;

Road vehicles equipped with petrol-engines are also responsible for evaporative emissions
which were also included in this source sector. They consist of losses of the most volatile
organic components in the fuel and are associated with:

- Diurnal emissions, resulting from the thermal expansion of the air/fuel vapour volume
inside the gasoline tank as consequence of diurnal variation in ambient temperature;

- Running losses, resulting of vapour outflow from the gasoline tank but occurring during
vehicle operation, and as result of the combined effect of high air temperature and the
heat from engine and exhaust system;

- Hot soak emissions, occurring when the engine is turned off, and the fuel that remains
in the system is no longer flowing and increases in temperature from the heat that is
generated in the engine and exhaust system.

Exhaust greenhouse gases emissions from road transportation were estimated at about 19 348
kton CO, eq. in 2004 representing an increase of 104.5% when compared to 9 462 kton
CO.eq., estimated for 1990 (see Table 3.123). From 2002 to 2004 GHGs emissions registered
a slight decrease from 19499 to 19 348 kton CO.eq. CO, is the most important gas,
representing in 2004, 96.8% of total emissions from this sector. N,O and CH, are responsible
for, respectively, 2.9% and 0.3% of the GHG emissions in 2004.

Emissions of N,O have increased by a factor of 4.1 since 1990 due to the introduction of
catalytic converters. Some authors suggested that in some cases N,O emissions could increase
by as much as a factor of 10 (Wade et al.. 1994; de Soete and Sharp. 1991; Dasch. 1992). As
could be observed the introduction of catalytic converters have some disadvantages including
also the increase of CO, and NH; emissions which contribute to climate change and acid
deposition. It is difficult to assess the extent to which CO, emissions have increased as a result
of fitting catalytic converters, because improvements in fuel economy have been made at the
same time as development of the engine management systems that are required to minimise
NO, and VOC emissions.

Estimated emissions from road transportation for the period between 1990 and 2004 are
summarised in Table 3.123.

Table 3.123 — Estimated emissions from road transport [1990-2004] and annual variation rates

1990 1991 1992 1993 1994 1995 1996 1997

Kt CO2 eq. 9462 10 098 10 992 11493 12139 12 805 13493 ( 14281
A(%) 6.7% 8.9% 4.6% 5.6% 5.5% 5.4% 5.8%
A1990(%) 6.7% 16.2% 21.5% 28.3% 35.3% 42.6% | 50.9%

1998 1999 2000 2001 2002 2003 2004 2005

Kt CO2 eq. 16 047 16 914 18 686 19 003 19 499 19 425 19 348 -
A(%) 12.4% 5.4% 10.5% 1.7% 2.6% -0.4% -0.4% -
A1990(%) 69.6% 78.8% 97.5%| 100.8%| 106.1%| 105.3%| 104.5% -

Methodology

Exhaust emission estimate follows a country specific integrated methodology which was
developed according with the following main objectives:
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- Ameliorate emission estimates for those pollutants that are most dependent on vehicle
class and abatement technology, such as N,O, NO, and NMVOC;
- Improve attribution of total emission estimates for each vehicle type and driving mode;

- Integrate emission inventory models with projection and management models (Policies
and Measures)

The inventory team has programmed two estimate models, or tools, using Visual Basic
programming language combined with Excel: one comprehending a model for road transport
emission calculation — BURNN; together with a module to determine the national vehicle fleet —
KAR. This last module estimates annual fleet from long-time series of vehicle sales and
abatements.

BURNN model is compatible and based extensively in the methodology and emission factors
from EMEP/CORINAIR Emission Inventory Guidebook. KAR and BURNN data flow is
summarized in Figure 3.53 from where main following steps may be identified:

- Estimate national fleet per vehicle type®* (KAR module output);
- Estimate kilometres driven per vehicle type, driving conditions and vehicle technology;

- Estimate fuel consumption per vehicle type, driving conditions and vehicle technology
(bottom-up approach);

- Correct fuel consumption using bottom-up approach in conjunction with top-down
approach;

- Emission factors, corrected for hot and cold-start emissions;

- Estimate emissions from kilometres travelled or fuel consumption.

# Vehicle type is disagreggated by vehicle category, age and fuel type. Vehicle technology is function of vehicle age
(see Table 3.131).
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Figure 3.53 — General scheme of methodology applied for road transport emission
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Highway Traffic
traffic volume
(km)

v

Kilometers in Highw ays
by vehicle and fuel type
(km)

v

National Fleet
by vehicle and fuel type

(number of vehicles)

Highw ays FC (1st approach)
by vehicle and fuel type
(ton)

Fuel Consumption

(g/km)

Factors I

\ 4

Rural and Urban FC (1st approach)
by vehicle and fuel type
(ton)

Kilometers in Rural and Urban
by vehicle and fuel type

Fuel Consumption (FC)
diesel, gasoline and LPG
(ton)

Final Fuel Consumption
by vehicle type, vehicle fuel and

(kmiveic) N drive mode
(ton)
v
Traffic Volume
by vehicle type, fuel type and Fuel Composition
drive mode C, S, Heavy metals
(km) (g/ton)
Emission Factors I
NOx, CH4, CO, N20, >
VOC, NH3, TSP o
(g/km) I v
Emissions Emissions
NOx, CH4, CO, N20, C, S, Heavy metals
VOC, NH3, TSP (ton)
(ton)
MAOTDR INSTITUTO DO AMBIENTE

122



Portuguese National Inventory Report Energy

Vehicle Fleet
Light vehicles

National fleet comprehending light vehicles was estimated according to a module derived from
data provided by the Associagdo do Comércio Automével de Portugal (ACAP). This module
determines active fleet of the following vehicle types:

- Passenger cars;
- Light duty vehicles (LDV);
- Two wheelers.

Annual sales for passenger cars and light duty vehicles were available for each car model and
engine size and fuel type since 1975. All light duty vehicles were assumed to be equipped with
diesel engines.

A function for vehicle abatement based on vehicle age was applied to vehicle sales in order to
determine the active fleet per year. This function, derived from ACAP data, is summarized in the
following couple equations:

[ (0.0477 x 0% Am) ]
T(c,a,f,yl) = S(c,y2) x _1_ ( 100 ) , A<10
(5.2721x A, ,, —35.199)]
T(c,a,f,yl) = S(c,y2) x|1- {Oé ,10 <A<?20

Where,
Tay1) = NUMber of vehicles of class ¢, with age a, using fuel f in year y1;
S(cy2) = sales of vehicles of class c, using fuel fin year y2;
Acy1-2) = age of vehicles of class c, using fuel fin year y1.

The number of light vehicles using LPG fuel derives from vehicle registration data provided by
the Direccdo Geral de Viacao (DGV).

Heavy Vehicles

The heavy duty vehicles (HDV) fleet was derived from ACAP data and expressed in number of
vehicles in moving fleet per year. Disaggregation of vehicle weight was also necessary in order
to perform the calculation. Data on heavy duty vehicles sales in 2001 and 2002 was available
from ACAP with adequate weight disaggregation as needed for calculation. The ratio per weight
class was therefore adapted and applied to active fleet for all years of the emission estimation
period (1990 to 2004). Fleet disaggregation by vehicle age was also performed according with
fleet data available from ACAP for the years of 2000 and 2002, which is presented in Table
3.125.
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Table 3.124 — Percentage of heavy duty vehicles per weight class

Weight Class Fleet (%)
<75t 11
75-161 68
16-32t 20
>32t -

Table 3.125 — Percentage of heavy duty vehicles by age

Age
Fleet (%)
From To
0 1 45
1 2 5.1
2 3 4.9
3 4 4.6
4 5 3.9
5 10 27.6
10 15 30.3
15 19 10.9
>20 8.2

The same age pattern was assumed for all years in analysis.
All heavy duty vehicles were assumed to be equipped with diesel engines.

The number of buses and coaches was available from Instituto Nacional de Estatistica (INE).
Data was adapted in order to obtain the necessary disaggregation for calculation. The age
pattern used for heavy duty vehicles was also assumed for buses and coaches.

Distance Travelled

Distance driven was established from national statistics and technical expertise taking also into
account the amount of fuel sold each year. Data regarding vehicle activity is collected
periodically at the vehicle inspection centres which are under the DGV authority. The data from
the inspection centres is believed to be a significant input parameter to estimate emissions
since relies on real vehicle activity. However this data is still not provided by the DGV.

Distances travelled were estimated for two driving conditions:

—  Urban;

— Long-distance (LD).
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Rural distance was later estimated by subtracting the activity measured in highways from the
long-distance activity.

In Portugal a fraction of LDV is actually used exclusively for passenger transport purposes as
regular passenger cars. For that reason distances driven by LDV were established for

passenger and freight use.

Table 3.126 — Input vehicle activity (km/veic).

Use Class Fuel Mode 1990 1991 1992 1993 1994 1995 1996 1997
Freight HDV GO All 30 000 30 000 30 000 30 000 30 000 30 000 30 000 35000
Freight LDV GO All 24 000 24 000 24 000 24 000 24 000 24 000 24 000 24 000
Freight LDV LPG All 12 000 12 000 12 000 12 000 12 000 12 000 12 000 12 000
Pass. Bus CNG Urban - - - - - - - -
Pass. Bus GO Urban 53 211 52 006 50 800 49 594 48 389 47 183 47 353 47 523
Pass. Coach GO LD 56 405 56 405 56 405 56 405 56 405 56 405 56 448 56 491
Pass. Moped Gasoline Urban 5000 5000 5000 5000 5000 5000 5000 5000
Pass. Moto Gasoline All 4000 4000 4000 4000 4000 4000 4000 4000
Pass. PassCar Gasoline All 13 083 13 089 12 993 12614 12 287 12 273 12105 11642
Pass. PassCar GO All 14 000 14 000 14 000 14 000 14 000 14 000 14 000 14 000
Pass. LDV GO All 18 000 18 000 18 000 18 000 18 000 18 000 18 000 18 000
Pass. PassCar LPG All 12 000 12 000 12 000 12 000 12 000 12 000 12 000 12 000
Use Class Fuel Mode 1998 1999 2000 2001 2002 2003 2004 2005
Freight HDV GO All 45 000 45 000 55 000 55 000 55 000 55 000 57 576 -
Freight LDV GO All 24 000 24 000 24 000 24 000 24 000 24 000 24 000 -
Freight LDV LPG All 12 000 12 394 11 876 12107 12 600 12 952 12915 -
Pass. Bus CNG Urban - - 48 033 48 679 46 599 44792 45000 -
Pass. Bus GO Urban 47 693 47 863 48 033 48 679 46 599 44792 45 000 -
Pass. Coach GO LD 56 534 56 577 56 620 57 107 59 079 57 957 56 800 -
Pass. Moped Gasoline Urban 5000 5000 5000 5000 5000 5000 5000 -
Pass. Moto Gasoline All 4000 4000 4000 4000 4000 4000 4000 -
Pass. PassCar Gasoline All 11532 11075 10 909 10 141 10 796 10 833 10 831 -
Pass. PassCar GO All 14 000 14 000 14 000 14 000 14 000 14 000 14 000 -
Pass. LDV GO All 18 000 18 000 18 000 18 000 18 000 18 000 18 000 -
Pass. PassCar LPG All 12 000 12 394 11 876 12107 12 600 12 952 12915 -

For some vehicle types distances travelled presented above were further disaggregated.

— Activity from HDV varies according with vehicle weight and driving mode;

— Activity from passenger cars and LDV used for passenger transportation varies

according with vehicles age — newer vehicles tend to run more miles than older

vehicles — in such a way that the average activity equals the value from Table

3.126. Since information on age and distance driven is not available for national

fleet an age distribution function was adapted from TRENDS data.
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Figure 3.54 — Annual mileage fraction as a function of passenger vehicle age.

Vehicle activity, expressed in kilometres per vehicle, is multiplied by the number of vehicles to
obtained the net vehicle activity.

As referred above, rural activity is estimated by subtracting the activity measured in highways
from the long-distance activity. The methodology used to estimate highway activity is presented
hereafter.

For passenger cars distances driven are further distributed according with vehicle age. Since
information on age and distance driven is not available for national fleet a distribution function
was adapted from TRENDS data.

Highway traffic

Distance driven on highways was estimated in kilometres. Information about traffic volume is
available annually for highways, either subject to toll or not, for each specific link with a constant
vehicle flow. The length of the highway system and its evolution between 1990 and 2004 period
was available from IEP.

The fraction of HDV in highways was proposed by IEP and is based on highway toll data. For
highways were toll data was not available it was assumed 10% of HDV (see Table 3.127).
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Table 3.127 — Fraction of heavy duty vehicles per highway (Source: IEP)

Highway HDV (%) Highway HDV (%)
A01 15 A13 22
A02 9 A14 11
A03 11 A15 16
A04 11 A22 10
A05 5 A23 10
A06 15 A24 10
A07 10 A25 10
AO8 10 A27 10
A09 11 A28 10
A10 10 A28 10
A11 7 A29 10
A12 11 - -

Highway traffic data includes distances travelled for all vehicle categories of national fleet which
were later divided in heavy and light vehicle traffic according with IEP estimations for the
majority of the highway links.

Since light vehicle traffic includes also motorcycles which represent a small fraction of distances
travelled in highways it was necessary to distinguish the share of distances driven by two
wheelers from light vehicles traffic. As proposed by Joumard, 1999, the fraction of distances
driven by two wheelers in highways was assumed to be 3% of total light vehicles traffic.

Table 3.128 — Fraction of distances travelled per vehicle type (Source: Joumard, 1999)

Vehicle Type %

PassCar 93%
Moped 4%
Moto 3%

The methodology used to determine distances driven on highways implies earlier evaluation of
the national fleet which was already described. Kilometres driven in highways were therefore
estimated from:

KmLVhighW&y(LV,t, fy) = CLV(c,t, fy) x Z[LLength(l,r) x I-Traffic(l,r,y) X (1_ I:HV(I,r))X (l_ FZW )]

(I,r

)
KmZWhighway(ZW,t, fy) = CZW(c,t, f,y) X (Z)[LLength(l,r) X LTraffic(I,r,y) X (1_ I:HV(I,r))X FZW ]
Ir

KmHVhighway(HV,t,f,y) = CHV(c,t,f,y) X (z)[LLength(l,r) X LTraffic(I,r,y) X I:HV(I,r)]
Ir

Where,
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Kmyv-nighway(Lv,i.fy) = total kilometres driven in highway net-road by light vehicles
(motorcycles excluded) of class ¢, equipped with technology t, using fuel fin
yeary (km/yr);

Kmaow-nighway(Lv,t.1y) = total kilometres driven in highway net-road by motorcycles of class c,

equipped with technology t, using fuel f in year y (km/yr);

Kmyv-nighway(Lv,i1y) = total kilometres driven in highway net-road by heavy vehicles of class

¢, equipped with technology t, using fuel f in year y (km/yr);

CuLveiy) = ratio of class c light vehicles using fuel f in year y within light vehicle national

fleet (motorcycles excluded);

Cowetiy) = ratio of class ¢ motorcycles using fuel f in year y within motorcycles national

fleet;

Chvietry) = ratio of class ¢ heavy vehicles using fuel f in year y within heavy vehicles

national fleet;

Fuvqy = Estimated fraction of heavy vehicles in inter-nodal link | from highway road r;

F.w = Fraction of distance driven by motorcycles within light vehicles;

Liengthg,n = full length of inter-nodal link | from highway road r (km);

Lrratice (1ry) = traffic volume (vehicles per year) registered in link | in year y (vehicles per
year);

| = link that connects two nodes of the highway. Traffic volume is constant along each
link;

r = highway code;

¢ = vehicle class or type: light passenger, LDV, HDV, etc;

t = vehicle technology: PRE-ECE, ECE, Euro |, Euro Il, etc;

f = fuel type (gasoline, diesel or LPG);

y = civil year.
Speed

Three driving modes where individualized in accordance with source categories SNAP97 from
CORINAIR/EMEP methodology: urban, rural and highway. For each driving mode average
speeds had to be set by vehicles type whereas vehicle exhaust emissions and fuel consumption
are strongly dependent on speed.
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Table 3.129 — Assumed vehicle speeds by driving mode and vehicle type.

D,\;Ii;/(ijr;g Vehicle Type ASSUEE;d/hS)peed Data Source
Passenger Car 124 | Lemonde, 2000
Light Duty Vehicles 124 | Lemonde, 2000
Highway Heavy Duty Vehicles 103 | LNEC, 2002
Coaches 103 | LNEC, 2002
Motorcycles 124 | Lemonde, 2000
Passenger Car 61 | LNEC, 2002
Light Duty Vehicles 61 | LNEC, 2002
Heavy Duty Vehicles 56 | LNEC, 2002
Rural
Coaches 56 | LNEC, 2002
Mopeds 40 | Maximum Legal Value
Motorcycles 61 | LNEC, 2002
Passenger Car 249 | Gois et al., 2005
Light Duty Vehicles 24.9 | Gois et al., 2005
Heavy Duty Vehicles 24.9 | Gois et al., 2005
Urban Buses 14.8 | Carris, 2005
Coaches 24.9 | Gois et al., 2005
Mopeds 24.9 | Gois et al., 2005
Motorcycles 249 | Gois et al., 2005

Fuel consumption

Highway Fuel Consumption

Fuel consumption under highway driving mode was estimated for each fuel type according with
the kilometres travelled in highways. Therefore:

HighwayFC(f,y) = ZZ[Highwame(c,t,f,y) X I:C(c,t,f,Hway)]X:l‘o_6
c t

where,

Highwayec s,y = fuel consumption of fuel type f in highway driving mode by vehicles of all
classes in year y (km/yr);
Highwaym1fy) = total kilometres driven in highway net-road by vehicles of class c, with

technology t, using fuel f in year y (km/yr);
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FC1inway) = fuel consumption factor for vehicle type c, with technology t, using fuel f in
highway driving mode (g/km);

¢ = vehicle class or type: light passenger, LDV, HDV, etc;

t = vehicle technology: PRE-ECE, ECE, Euro |, Euro Il, etc;

f = fuel type (gasoline, diesel or LPG);

y = civil year.

Individual fuel consumption for each vehicle type was estimated from:

Highwach(c,t,f,y) = Highwame(c,t,f,y) X I:C(c,t,f,Hway) X10_6

Urban and Rural Fuel Consumption

Fuel consumption under urban and rural driving modes was estimated simply by subtracting fuel
consumption estimated for highway traffic from total fuel sales, at national level:

Ul’banFC(f'y) + RUI’a|FC(f'y) =T0ta| FC(f,y) - Highway,:c(f'y)

where:

Urbangcs,), Ruralrc,y) = total fuel consumption of fuel type f, under urban and rural driving
conditions in year y (t);

Highwayec s, = fuel consumption of fuel type f in highway driving condition by vehicles of
all classes in year vy (t);

Totalrc(ry) = total national fuel consumption of fuel type f in yeary (t).

However, this fuel is aggregated being necessary to distinguish it by vehicle type. Therefore,
individual fuel use under rural and urban driving conditions was finally determined from the
number of vehicles, kilometres driven in urban and rural modes and, fuel consumption factors
for all vehicle categories:

RurallstFC(c,t,f,y) :Tclass(c,t,f,y) x Kmrural(c,f,y) x I:C(c,t, f,s) X]‘OG

UrbanlstFC(c,t, f,y) = Tclass(c,t, fy) x Kmurban(c, fy) X FC(c,t, f,s) X106

where,
Ruralssire(et,ry), Urbanssirccrryy = first approach fuel consumption in rural and urban areas
made by vehicles of class c, with technology t, using fuel f in year y (t);
Taassieriy) = NUMber of vehicles of class ¢, with technology t, using fuel f in year y;

KMyyraie.f.y), KMuan(etyy = rural and urban kilometres driven per vehicle of class ¢, using

fuel f in year y (km/vehicle);
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FC.1s) = fuel consumption factor for vehicles of class c, with technology t, using fuel f, at

speed s (g/km).

Adjustment of bottom-up and top-down approaches

Fuel adjustments are necessary so that the sum of estimated fuel consumption equals the
original statistical data from the Direccdo-Geral de Geologia e Energia (DGGE). Urban and rural
fuel consumption estimates were corrected with the following factor for car type c, technology t,
fuel f, driving mode d and yeary.

[‘I’otaIFC(f - HighwayFC(f’y)]

COrreCe or(s ) = '
weer(y) ZZ[Rurallsth(c,t,f,y) +Urban15tFC(°’t’f‘y)J
c t

Correction factors are later applied to the first approach fuel consumption under rural and urban
driving conditions in the following manner:

Ur.ba'nFC(f \Y) = CorreCFactor(f \Y) X ZZ [U rbanlstFC(c,t, f y)J
c t

RuraIFC(f )~ CorreCFactor(f,y) X ZZ[RurallStFC(c,t, f y)]
c t

This correction guarantees that emission estimates are in accordance with good practices
(IPCC, 2000; IPCC, 1996). Although emissions were derived from estimate of vehicle kilometres
travelled and from fuel consumption per kilometre (bottom-up approach), they where corrected
for total national fuel sales (top-down correction).

Adjustment of Distances Travelled

Ultimate activity, in kilometres, is estimated according with total corrected fuel consumption in
the following manner:

[UrbanFC(C’tl ) XlOG]
Kmurban(c,t,f,y) = FC
(ct.ts)
[Rural ¢ X106]
Kmrural(c‘t‘f’y) = FF<(3:( 1Y)
(ct,f,s)
Kmtoml(c’t’f’y) - Kmhighway(c,t,f,y) + Kmurban(C,t,f,Y) + Kmrural(c,t,f,Y)

Where,

KMigtai(e,t,1y) KMhighway(c,tfy), KMurban(e,tty) KMruraic,try) = total driven distance under all driving
modes estimated for vehicles of class c, with technology t, using fuel f in year y
(km);

Urbaneccty), Ruralecetry) = total fuel consumption allocated to vehicles of class c,
equipped with technology t, using fuel type f, under urban and rural driving

conditions in year y (t);
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FC.1s) = fuel consumption factor for vehicles of class c, with technology t, using fuel f, at

speed s (g/km).

Table 3.130 — Vehicle activity after adjustments.

Vggscf Fuel 1990 1991 1992 1993 1994 1995 1996 1997
PassCar Gasoline 13 226 13 089 12 988 12 415 11749 11 356 10 837 10 133
Moped Gasoline 5029 4997 4983 4972 4956 4940 4886 4845
Moto_2t Gasoline 4021 3998 3988 3980 3968 3957 3917 3888
Moto_4t Gasoline 4021 3998 3988 3980 3968 3957 3917 3888
PassCar GO 13 490 13 539 13978 13 594 13 994 14 298 14135 14 292
LDV GO 21919 20 501 19 992 18 751 18778 19212 19011 18 932
HDV GO 30 389 28 978 28 731 27 424 27 790 28 863 29 047 34 062
Bus GO 53 951 50 036 48 365 44 780 44 291 45098 45513 45953
Coach GO 57 160 54 383 53 870 51265 51959 54 100 54 466 54 842
PassCar LPG 36 73 102 99 95 215 1245 10 743
LDV LPG 31 64 91 92 93 219 1303 11 564
Bus CNG

v(e::lr;igée Fuel 1998 1999 2000 2001 2002 2003 2004
PassCar Gasoline 9832 9339 9019 8162 8 455 8163 7864
Moped Gasoline 4801 4779 4738 4678 4673 4650 4644
Moto_2t Gasoline 3855 3839 3809 3766 3764 3748 3745
Moto_4t Gasoline 3855 3839 3809 3766 3764 3748 3745
PassCar GO 14 922 15 302 15413 15186 14 504 14129 13709
LDV GO 19 345 19 413 19 365 19 429 18 909 18 561 17 798
HDV GO 44 966 45 473 55795 56 499 55 837 55 608 56 744
Bus GO 47 650 48 479 48 867 50 292 47 467 45 401 44 211
Coach GO 56 489 57 199 57 442 58 675 59 992 58 605 55 982
PassCar LPG 11517 13418 12175 11765 11 645 11 455 10 830
LDV LPG 12 721 15217 14 214 14 156 14 406 14 547 14 048
Bus CNG 19 563 77 663 74918 96 222 77 157

Emission Factors

Emission Functions

Emissions factors for NO,, CO, NMVOC, CH,4, N,O and NH; were determined from the available
set of algorithms reported in EMEP/CORINAIR, 2002, which results from a compilation for the
CORINAIRS85 and CORINAIR90 programs and updated with results from the MEET project and
the COST319 action. This set of equations allows the estimation of emission factors as function
of driving conditions and vehicle properties:

Vehicle class: light passenger vehicles, LDV, HDV, Mopeds with cylinder capacity

under 50 cc and; Motorcycles with cinder capacity greater than 50 cc;

Fuel type: gasoline, diesel and LPG;

Technology standard;
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— Vehicle dimensions: motor size (cubic centimetres) for light vehicles and two

wheelers and vehicle weight for heavy vehicles;

— Average vehicle speed under each driving mode.

Although vehicle load and road slope have a significant influence on heavy duty vehicles

emissions (Joumard, 2003), these variables were not considered in this inventory.

European technology standards were determined according with the vehicle built year as

present in Table 3.131.

Fuel consumption factors here presented are similar in development and use to emission
factors and constitute the first step of the methodology to help sharing total fuel consumption by

vehicle class.

Table 3.131 — Technology classification according to built year

Vehicle Category Legislation Ol ey
from to

PRE ECE 1971
ECE 15/00-01 1972 1977
ECE 15/02 1978 1980
ECE 15/03 1981 1985
Passenger Cars ECE 15/04 1986 1991
Euro | 1992 1996
Euro Il 1997 2000
Euro I 2001 2004

Euro IV 2005
Conv 1991
Euro | 1992 1997
Light Duty Vehicles Euro Il 1998 2001
Euro I 2002 2006

Euro IV 2006
Conv 1991
Euro | 1992 1995
Euro Il 1996 2000

Heavy Duty Vehicles

Euro I 2001 2005
Euro IV 2006 2008

Euro V 2009
Conv 1999
Mopeds 97/24/EC Stage | 2000 2003

97/24/EC Stage Il 2004
Conv 1999

Motorcycles
97/24/EC 2000
MAOTDR
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Hot and Cold emission factors
Final emission factors and fuel consumption factors were estimated in two steps:

- Hot emission factors: representing emission factors (g/km) when vehicles have warmed

up to normal operating conditions;

- Cold-start extra emissions: exhaust emissions from vehicles during a certain time, until
engine ’[emperature25 increases to normal operation temperature, have

generally increased emissions over normal hot emissions.

Total emission factor (ef") is estimated from:

Dl T 1)

ef ! =_m
(c,t,d, f,p) 12

where,
ef’ ctdfp) = average annual total (hot and cold-start) emissions from vehicle type c with
technology t and using fuel type f (g/km);
m = Month;

efh°t(cyt,d,f,p) = hot emission factor from vehicle type c with technology t and using fuel type f
(g/km)

Bm = average monthly value for the fraction of mileage driven with cold engines or catalyst

operated below the light-off temperature?.

cf M L asp) = cold to hot ratio of emissions (g/g).

Cold-start corrections were applied for cars using gasoline, diesel and LPG, and for urban and
rural modes. Correction factors cf®“" were set from EMEP, 2002.

Disaggregation of fleet for evaporative emission calculation was derived from KAR output.

Exhaust Emissions

Two different sets of pollutants are distinguishable:

- Pollutants for which a mass balance may be performed such as CO,, SO, and heavy
metals;

% Cold engines are defined as those with water temperature below 70°C (EMEP/CORINAIR)

% (F”" parameter is calculated from average monthly temperature T, (°C) and average trip length (km/trip) (Table 8.6 of

3° EMEP/CORINAIR)
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- Pollutants for which emissions are best estimated from kilometres driven: NO,, CO,
NMVOC, N,O and NHs.

Emissions of ultimate carbon dioxide were estimated from:

Uco,y) = ZZZZ[FueIFC(C,t,d,f,y) X E':coz(f)]xm_3
c t d f

Where,

Ucoyy) = ultimate or final emission of carbon dioxide in year y (kt/yr);

FCicta,y) = fuel consumption in year y allocated to vehicle type ¢, with technology t, using

fuel type f and under driving conditions d (t/yr);

EFcoz = emission factor for fuel type f (t/t).

Emissions of SO, are also estimated by a mass balance approach:

SOX(Y) = 2 x ZZZZ[FUEIConS(c,t,d,f,y) X S(f ) Xloiz]
c t d f

where,

SOy (y) = sulphur oxide emission estimated in exhaust gas from road vehicles in year y
(ton/yr);
Fuelcons(c,i.a,1y) = fuel consumption in year y allocated to vehicle type ¢, with technology t,

using fuel type f and under driving conditions d (ton/yr);

S 1) = sulphur content of fuel (mass percentage).

Emissions of heavy metals are estimated in a similar way:

EMISSiON, (5 = 300 0 3 FUlconm(ea. 1 )X HM (1 4 X107
c t d f

where,

Emissionump,yy = emission of heavy metal p in yeary (t/yr);

Fuelcons(c,t.d.1y) = fuel consumption in year y allocated to vehicle type ¢, with technology t,

using fuel type f and under driving conditions d (t/yr);

HMy) = mass content in heavy metal p in fuel f (g/t).

Emission estimate for pollutants function of distance driven are estimated from:
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Emission,, ,, = ZZZZ[Km(Cmf'y) xEFcia ) x10°]
c t d f

where,

Emission ) = emission of pollutant p in yeary (t/yr);

Kmq1y) = total distance driven in year y by vehicles of type ¢, with technology t, using

fuel type f and under driving conditions d (km/yr);

EF (.41p] = emission factor for pollutant p for vehicles of type ¢, with technology t, using

fuel type f and under driving conditions d (g/km).

Evaporative Emissions

Calculation of evaporative emissions was adapted from the methodology presented in section
B760 from EMEP/CORINAIR Handbook. Evaporative emissions were determined for powered
gasoline vehicles of classes j present in Table 3.132

Table 3.132 — Gasoline powered vehicles categories

Vehicle Class SNAP Fuel Category E.rll.;i;? Rg;gg;al
Passenger Car 070101 Gasoline <141 Canister
Passenger Car 070102 Gasoline 14-201 Canister
Passenger Car 070103 Gasoline >201 Canister
Passenger Car 070101 Gasoline <141 Conventional
Passenger Car 070102 Gasoline 14-201 Conventional
Passenger Car 070103 Gasoline >201 Conventional
Light Duty Vehicle 070201 Gasoline Conventional
Moped 0704 Gasoline Conventional
Moto_2t 070501 Gasoline > 50 cc Conventional
Moto_4t 070503 Gasoline 50 — 250 cc Conventional
Moto_4t 070504 Gasoline 250 - 750 cc Conventional
Moto_4t 070505 Gasoline > 750 cc Conventional

Reliable statistical information concerning vehicles equipped with canister was not available.
Therefore it was assumed that all new vehicles built after 1992 where equipped with canister,
year in which EURO | was implemented.

Total evaporative emissions are estimated from:

EVaPuoc(,) = 1365 (@, )+ 5° + 5" |+ Rjx10°°

where,

Evapnmvoc () = NMVOC evaporative emissions in year y (t/yr);

a; = number of gasoline vehicles of category j;
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e® = mean emission factor for diurnal losses of gasoline powered vehicles equipped with
metal tanks, depending on average monthly ambient temperature, temperature

variation and fuel volatility (RVP) (g/day);

S° = hot and warm soak emission of gasoline powered vehicles equipped with carburettor
(g/day);

S" = hot and warm soak emission of gasoline powered vehicles equipped with fuel
injection (g/day);

R = hot and warm running losses (g).

and,
Sc:(1_q)x(pxxxes,hot+WXxXes,warm)
St=qgxe"xx
— r,hot r,warm
R=m;x{pxe"™ +wxe
where,

q = fraction of gasoline powered vehicles equipped with fuel injection;

p = fraction of trips finished with hot engine (dependent of the average monthly ambient
temperature);

w = fraction of trips finished with cold or warm engine (shorter trips) or with catalyst
below its light-off temperature”;

x = mean number of trips of a vehicle per day, average over the year;

e*™ = mean emission factor for hot soak emission (g/day/vehicle), function of fuel

volatility RVP and estimated from EMEP/CORINAIR Emission Inventory Guidebook;

s,warm —

e mean emission factor for cold and warm soak emission
(g/day/vehicle). This parameter is also dependent on fuel volatility RVP and
average monthly temperature. Estimated from EMEP, 2002;
e" = mean emission factor for hot and warm soak emission of gasoline powered
vehicles equipped with fuel injection. Estimated from EMEP, 2002;

et = average emission factor for hot running losses of gasoline powered vehicles,

dependent on fuel volatility RVP and average monthly ambient temperature. Estimated
from EMEP, 2002;

r,warm

e = average emission factor for warm running losses of gasoline powered vehicles,
dependent on fuel volatility RVP and average monthly ambient temperature. Estimated
from EMEP, 2002;

m; = total annual mileage of gasoline powered vehicles of category j

7 Fraction of trips finished with cold and warm engine, w, is linked with the parameter 8 used in calculation of cold start
emissions. The assumed relation between w and f is: w = 3

MAOTDR INSTITUTO DO AMBIENTE
137




Portuguese National Inventory Report Energy

It was considered that fuel injection vehicles started to enter the market in 1997 (year in which
EURO II entered into force) and it was assumed that all new gasoline passenger cars sold in
1997 were equipped with fuel injection systems whereby a fraction of fuel injection vehicles can
be derived for the following year. Gasoline LDV and two-wheelers were treated as non-fuel
injected vehicles.

The fraction of trips finished with hot engine, p, was obtained by subtracting to one the fraction
of trips finished with cold or warm engine.

p=1-{0.647-0.025xl,,, —(0.00974 —0.000385x |,.,, ) t, |

where,
p = fraction of trips finished with hot engine;
t, = ambient temperature;

lvip = average trip length (12 km)28.

Distance travelled, in kilometres per vehicle, was determined for each vehicle category from
Table 3.132 in the following manner:

Km,

_ cty)

V. =
ity N,

c.t.y)

where,

V 1y) = distance driven, in kilometres per vehicle, by vehicles of class ¢, equipped with

environmental technology t in year y (km/vehicle);

Km.) = kilometres driven by vehicles of class ¢, equipped with environmental

technology t in year y for all driving modes (km);

N(.ty) = Number of vehicles of class c, equipped with environmental technology t in year
yohfsodihsdoshd

Mean number of trips of a vehicle per day (x) can than be obtained from:

Vi
X=——F"~—
365 x|

trip

Finally, emission factors for motorcycles were estimated from the light passenger vehicles
emission factor but assuming these as only 20% in the case of Motorcycles <50 cm® and 40%
for the other two wheelers, as proposed in EMEP, 2002.

% Obtained from Table 6.3 (Chapter B710) of EMEP/CORINAIR Emission Inventory Guidebook.
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Temperatures used in evaporative emissions estimation were averaged according with gasoline
sales per NUTIII for years 1990, 1996 and 2000 and interpolated for intermediate years.

The average trip length was set at 10 km (L), which results in an annual § factor of 0.305. It
was considered, according to EMEP, 2002 recommendations to set w (fraction of trips finished
with cold or warm engine) equal to B.

Reid vapour pressure values needed to calculate evaporative emissions are given in national
legislation and summarised in Table 3.139.

Meteorological data necessary for evaporative emission calculation (annual average minimum
temperature and maximum temperature) was received from 49 monitoring stations of the
National Meteorological Institute (IM) for 1951 to 1980. Adequate values of annual average
minimum temperature and maximum temperature were established for each NUT Il territorial
unit resulting from individual stations that were assumed be representative of the meteorological
conditions.

A global national correction factor was then obtained after weighting each individual NUT Il
area with fuel consumption for each specific territorial unit thus estimating a representative
national average temperature T, (°C) for each year.

Table 3.133 — Estimated ambient temperature for evaporative emissions calculation

1990 to 1995 1996 to 1999 2000 to 2002

14.836 °C 14.874 °C 14.885 °C

Emission Factors
Carbon Dioxide

Ultimate CO, emission factors where established considering CORINAIR/EMEP Emission
Inventory Guidebook equation:

- ~ 44.011
CO,(f) (12.011+1.008>< Ry /c)

Where

EFcozn = emission factor for fuel type f;

Rhuc = the ratio of hydrogen to carbon atoms in the fuel. Values for this ratio and the

resulting CO, emission factor are presented inTable 3.134.

Table 3.134 - RH/C ratio and CO, emission factor

Fuel RH/C EFcoz (t COQ/t)
Diesel-oil 2.00 3.14
Petrol 1.80 3.18
LPG 2.58 3.01
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Sulphur Dioxide

Following legal constrains, the sulphur content of diesel oil and petrol was reduced in the 1990-
2004 period. The sulphur contents were set as presented in Table 3.135.

Table 3.135 — Levels for sulphur and lead content (%).

Fuel Description 123320 1995 | 1996 | 1997 | 1998 | 1999 2%‘320 2005
Gasoline WithPb | 0100 | 0400 | 0.100| 0100 | o0.100| 0.100 - -
Gasoline WithoutPb | 0100 | 0100 | 0050 | 0050 | 0050 | 0050 | 0015| 0.005
Gasoline Averaged | 0100 | 0100 | 0080 | 0077 | 0074| 0062 - -
Diesel -] o0300| o0200| o005 | 0050 0050| o005 0035 0005
GPL -| o0o000| 0000 o0000| 0000| o0000| o0000| 0000 0.000

Source: DGGE

Emission Factor Functions

Variable Emission Factors

Emission factors were subjected to variations as the result of the use of new technologies,
particularly the introduction of catalyst converter in passenger cars. The use of new
technologies is function of vehicle built year, which was used as a variable for emission factor
estimation (see Table 3.131).

Emission factors were determined for:

-10 poIIutants29 (CO, NO,, NO, SO,, VOC, CH4, CO,, NHj, diesel particulates and
lead);

- 9 vehicle types (gasoline passenger cars, diesel passenger cars, LPG passenger cars,
LDV, HDV, diesel and CNG buses, coaches and two wheelers) and each correspondent
category (<1.41,1.4-2.01, etc);

- 3 driving conditions (urban, rural and highways).

For gasoline passenger cars with cylinder capacity 1.4l<cc<2.0l the influence of a catalyst
results in a significant decrease of pollutants dependent on driving conditions such as CO, NO,
and CHj,. For example, the introduction of catalyst resulted in a decrease of NO, emission factor
of about 80% on average and to a decrease of 55% of CO averaged emission factor. On the
other hand, NH3; and N,O increased by a factor of 45 and 7, respectively.

% For some pollutants (SO2, CO2, Heavy Metals) very simply “bulk” emission factors or equations are provided in
EMEP/CORINAIR.
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Figure 3.55 —Fuel consumption and emission factors for new gasoline passenger cars in
eachyear (141<CC<2.01I)
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For passenger diesel vehicles with cylinder capacity less then 2.0l the introduction of Euro |
technology in 1992 lead to an average reduction of CO, NO, and fuel consumption of about,
22%, 17% and 12%, respectively. From EURO | to EURO Il decreases in averaged emissions
factors are only observed for NO, (-23% when compared to EURO | averaged emission factor)

and CH, (-15% of EURO | averaged emission factor).
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Figure 3.56 —Fuel consumption and emission factors for new diesel passenger cars in

each year (CC<2.01)
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Evaporative Emissions

Emission factors for evaporative emissions were set in accordance with the methodology
proposed in EMEP/CORINAIR Handbook. Parameters for the algorithms were calculated with
the set of equations in Table 8.1 of Chapter B760 of EMEP/CORINAIR Emission Inventory
Guidebook.
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Table 3.136 — Mean evaporative emission factors (values in g/vehicle/day)

Activity Data

Vehicle Fleet

Emission 1990 to | 1996 to {2000 and
Factor R EITY 1995 | 1999 | beyond
g Conventional 5.860 5.841 5.841
e
Canister 1.172 1.168 1.168
swarm Conventional 3.235 3.220 3.220
s
Canister 0.521 0.520 0.520
shot Conventional 16.897 16.584| 16.584
&
Canister 0.782 0.780 0.780
fhot o _fiwarm Conventional 0.7 0.7 0.7
e &e"
Canister - - -
+warm Conventional 0.141 0.143 0.143
&
Canister 0.014 0.014 0.014
ot Conventional 0.192 0.195 0.195
o
Canister 0.019 0.019 0.019

Energy

The number of vehicles between 1990 and 2004 was based in data available from ACAP, DGV,

ISP and INE.

Vehicle data was adapted in accordance with the methodology described in Methodology -
Vehicle Fleet. A national fleet was determined for each year of the calculation period.

Table 3.137 — Vehicle fleet synthesis: 1990-2004

Class 1990 1991 1992 1993 1994 1995 1996 1997
PassCar 1617301 1803057 2040104 2244022 2440575 2601137 2777808 2949859
Moped 834 704 797 888 761 098 724 308 687 518 650 728 613 938 577 148
LDV 487 999 525 957 572 755 623 126 690 150 726 289 776 444 839 842
HDV 102 986 112 008 119 002 130 988 131976 134 004 142 012 138 996
Moto (4 str) 30 082 36 556 48 360 60 398 67 470 72722 76 622 82 264
Moto (2 str) 5850 7124 9412 11752 13130 14 144 14 924 16 016
Coach 5434 5876 6318 6 760 7202 7 644 7592 7 540
Bus 2 366 2548 2756 2938 3146 3328 3640 3952
Total 3086722 3291014 3559805 3804292 4041167 4209996 4412980 4615617
Class 1998 1999 2000 2001 2002 2003 2004 2005
PassCar 3158069 3391592 3614172 3798957 3948644 4061448 4178005 -
Moped 540 358 503 568 466 778 448 214 429 676 423 592 422 214 -
LDV 911 323 981486 1067323 1128354 1166993 1192487 1216950 -
HDV 140 010 145 002 148 980 153 972 158 002 156 104 157 586 -
Moto (4 str) 89 440 98 306 105 794 112 034 114 972 114 478 117 572 -
Moto (2 str) 17 420 19 136 20592 21814 22 386 22282 22 880 -
Coach 7 488 7436 7 358 6 526 5902 7202 7228 -
Bus 4 264 4 576 4 966 5512 5408 5330 5 356 -
Total 4868372 5151102 5435963 5675383 5851983 5982923 6127791 -
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The growth of gasoline passenger cars has decreased over the last years. It was observed a
decrease in the number of this type of vehicles while diesel passenger cars have increased.
After an initial growth, LPG fuelled vehicles have stabilised as a small percentage of passenger
cars. The number of mopeds is decreasing according to data from ISP.

Distances Travelled

Total distance driven in highways was obtained from highway commissioners data collected by
IEP. Time evolution road length was set from IEP’s GIS system and concerns the date from
which each link was set open to road traffic circulation.

Total national figures have increased steadily between 1990 and 2004. The increase in highway
circulation of about nine times from 1990 to 2004, reflects not only the growth of the Portuguese
highway road-net but also an increase in intensity of road use. For the same period, rural and
urban circulation had increased 1.3 and 1.7 times, respectively. Total road traffic activity has
increased 79.7% since 1990. In 2002 and 2003 total road traffic activity is very similar.

Urban activity is the most significant share of total distance travelled being responsible for
40.5% of the overall kilometers travelled in 2004 followed by rural and highway activity with
38.9% and 20.6%, respectively.

Figure 3.57 — Kilometres travelled by driving mode
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Over the 1990-2004 period the distance driven grew for all vehicle types except for two
wheelers. As presented in Figure 3.58, HDV and LDV vehicles registered the biggest increase
in distance driven, 103% and 185%. It should be enfasized that a fraction of the kilometres
driven by LDV (34% in 2004) are actually used as passenger cars. Nevertheless, passenger
cars are the vehicles travelling more kilometres with a share of 52.9% from the total distance
driven in 2004.
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Figure 3.58 — Kilometers travelled by vehicle type: passenger cars (PC); light duty

vehicles (LDV); heavy duty vehicles (HDV), two wheelers (2WH) and heavy passenger
vehicles (HPV)
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Fuel Consumption

Fuel consumption from road transport sector is available for the years from 1990 to 2004 from
the revised energy balances from DGGE. Total consumption of petrol, diesel-oil and LPG are

shown in Figure 3.59. LPG and CNG represent only a small fraction of the total fuel
consumption.

Figure 3.59 — Fuel consumption from road transport sector
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Original data in DGE energy balances were in tonnes of oil equivalent and they were converted
to mass units by the following Low Heat Values (LHV), also from DGGE.

Table 3.138 — Low Heat Values (LHV) in Road Transportation

Fuel toe/ton MJ/kg
Diesel ol 1.035 43.31
Petrol 1.070 4477
LPG 1.160 47.28
MAOTDR
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CNG 1.031 45.97

Fuel consumption was also estimated from the fuel consumption factors given from EMEP
CORINAIR Emission Inventory Guidebook. The bottom-up versus top-down correction factor
was derived from the differences between estimated and real fuel consumption as explain in
sector Methodology - Fuel consumption.

Estimated diesel and gasoline consumption varies within a maximum of + 9% from real fuel
consumption for all period of analysis. Figure 3.60 shows the measured and estimated figures
for gasoline and diesel consumption.

Figure 3.60 — Measured and predicted gasoline fuel consumption
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Evaporative Emissions and Cold Start Parameters

Evaporative Emissions

The average trip length was set at 10 km (L), which results in an annual § factor of 0,305. It
was considered, according to EMEP/CORINAIR recommendations to set w (fraction of trips
finished with cold or warm engine) equal to . Monthly values of fuel volatility (RVP - Reid
Vapour Pressure) were established from Portuguese legislation (Decreto-lei n.° 104/2000;
Portaria 1489/95; Portaria 125/89). RVP values considered in national legislation 104/2000 are
applicable since the beginning of year 2000 although the regulatory document was valid only
after May 2000.
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Table 3.139 - Legal values for RVP (values in kPa)

Year
Month 1989 to 1995 1996 to 1999 > 2000
Jan 98 95 90
Feb 98 95 90
Mar 98 95 90
Apr 83 80 90
May 83 80 60
Jun 70 70 60
Jul 70 70 60
Aug 70 70 60
Sep 70 70 60
Oct 83 95 90
Nov 98 95 90
Dec 98 95 90

Major reductions were estimated for evaporative emissions for the period between 1990 and
2004 as new fuel injection vehicles replace old carburettor vehicles. Figure 3.61 shows that
soak emissions from carburettor vehicles have contributed significantly for evaporative emission
reduction, decreasing about 73.2% since 1990. Soak emissions from fuel injection vehicles
represent a small fraction of evaporative emissions (less than 3.6% in 2004).

Figure 3.61 — Estimated evaporative emissions
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From 1990 to 2000 the trend of evaporative emissions for diurnal and running losses and soak
emissions from carburettor vehicles decreases faster. This results from the evaporative
emission factors which are function of the fuel RVP. Therefore, reduction of evaporative
emissions was achieved not only by the introduction of new vehicle technologies but also by
fuel improvements.

The share of evaporative emissions from total NMVOC is decreasing as shown in Figure 3.62.
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Figure 3.62 — Share of evaporative and exhaust NMVOC.
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Uncertainty Assessment

In accordance with the chapter of Road Vehicles in the GPG, the uncertainty of methane
emission factor is 40% and the uncertainty for nitrous oxide should be at least 50%. The
uncertainty in CO, is 5%, also in accordance with the same source of information. The
uncertainty of activity data was assumed to be 10%.

3.2.C.2 RAILWAYS
OVERVIEW

Although there has been a growing electrification of railway lines in Portugal during last years,
locomotives, shunting locomotives and railcars are still responsible for substantial part of rail
transport and consequent emission of GHG in exhaust.

METHODOLOGY

Emissions to atmosphere of ultimate CO, from fossil origin were estimated from CO, total
emissions by:

. _ 5
Fossilcoay) = 2t [EFcoz ¢ * Facox ) * Crossi * CONSkueiry) * LHVp] * 10

where

Fossilcozy) - Emissions of carbon dioxide to atmosphere from combustion of fossil fuel f
(ton);

EFcoz ( — Total carbon content of fuel expressed in total Carbon Dioxide emissions (kg
CO,/GJ);

Crossil - Percentage of carbon from fossil origin in fuel f (%);

Facox — Oxidation factor for fuel f (ratio 0..1);
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Consgelry) - Consumption of fuel f in year y (ton/yr);
LHV (, - Low Heating Value (MJ/kg).

Sulphur oxides emission from combustion are estimated from fuel consumption quantities and
sulphur content:

SO = 2" Zf[FueICons(f,y) *S (f,y)* 102]

where
SOy () - Sulphur oxide emission in year y (ton/yr);
FuelCons;,, - Consumption of fuel f in railway sector in year y (ton/yr);
S ry) - Sulphur content of fuel f (mass percentage).

For all other pollutants the following formula was used:

Emission () = ZAEF ) * Conseyery)] * 107

where
Emission () - Emission of pollutant p in year y (ton/yr);
EF ;) - Quantity of pollutant p emitted from fuel f (kg/ton);
Consgyeinfy) - consumption of fuel f during in year y (ton/yr).
EMISSION FACTORS

Emission factors, expressed in kg/ton of fuel, were set from available proposed emission factors
in EMEP/CORINAIR Handbook (EEA,2002), IPCC 1996 Revised Guidelines (IPCC,1997) and
MEET project, and are presented in next table.

Table 3.140 - Emission factors in Railways (in kg/ton of fuel)
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ACTIVITY DATA

Consumption of fuel in the railway transport sector is available by fuel type from 1990 to 2003

Energy
Coal | Coke D'E?Iel' Fuel-oil
LHV @ 29.3 28.0 433  40.2
NO, 55.6"
NMVOC 51
CH, 0.22™
co 20
Ucoz 3168
FACox™ |  0.980) 0.990
N,O 0.66 ™
NH; ¥ 0.01 | 0.007] 0.01
PM 3.79™
Cd ©0 | 1.00e-02 | 1.00E-02 | 1.00E-02] 1.00E-02
As @ 1 500E-02 | 5.00E-02 | 5.00E-02 5.00E-02
Ccr©0 | 500E-02 | 5.00E-02 | 5.00E-02| 5.00E-02
Cu ©0 [1.70E+00 | 1.70E+00 | 1.70E+001.70E+00
Ni @@ [ 7.00E-02 | 7.00E-02 | 7.00E-02] 7.00E-02
Se @0 [ 4.00E-02 | 1.00E-02 | 1.00E-02 1.00E-02
Zn @0 1 1.00E+00 | 1.00E+00 | 1.00E+00[1.00E+00

(a) LHV/NCV expressed in MJ/kg; (b) Oxidation Ratio
expressed as ratio; (c) expressed in g/ton
(i) EMEP/CORINAIR Handbook (EEA,2002);
(i) IPCC 1996 Revised Guidelines (IPCC,1997); (iii) MEET Project;
(iv) Average of EMEP/CORINAIR and IPCC;
(v) Average of EMEP/CORINAIR, IPCC and MEET;
(vi) Average of EMEP/CORINAIR and MEET, (vii) OSPAR/PARCOM

from the energy balance produced by General-Directorate of Geology and Energy (DGGE).

Besides some very small use of coal and coke until 1996, the majority of combustible energy

refers to use of gas oil*®. The quantities that were consumed have been decreasing steadily
since 1992, as can be seen in Figure 3.63.

Figure 3.63 - Consumption of diesel oil in the railway transport sector: 1990-2004
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* Gas oil represents no less than 99.9% of total annual use of combustible energy.

MAOTDR

150

INSTITUTO DO AMBIENTE




Portuguese National Inventory Report Energy

UNCERTAINTY ASSESSMENT

The uncertainty of fuel consumption was set equal to the uncertainty that was also considered
for road traffic: 5%. In a similar way the uncertainties in methane and nitrous oxide emission
factors were set at 40% and 50% respectively, the same values that were used for road traffic.
The general error of 5%, set for most combustion sources, was used for the calculation of
uncertainties of carbon dioxide emissions.

3.2.C.3 AVIATION
Overview

Emissions from combustion in aircraft mobile activities comprehend all air emissions associated
with fuel combustion in airplanes, either realized in passenger or freight planes, and either
realized during flight or in land activities: idle and taxi. Emissions from military aircraft are not
included in this inventory.

The inventory of greenhouse gas emissions is not concerned with spatial allocation of
emissions, not being concerned about the place where the emissions are realized. However, as
the same national inventory is done in an integrated way to obtain estimates for other purposes,
such as to access local and regional air problems, the CAFE program or the CLRTAP
convention, emissions estimates must differentiate between two different components:

- Landing and Take-off emissions (LTO). Emissions from activities realized near airport
in the ground and on flight under an altitude of 3000 feet (914 m): idle, taxi-in, taxi-out,
take-off, climbing and descending.

- Cruise emissions. All emissions realized above 3000 feet, including ascend and
descend between cruise altitude and 3000 feet.

Two different fuel types are usually distinguished in aircraft activity: jet fuel (JP) and aviation
gasoline (AG). Jet fuel is used mostly in large commercial aircraft. Aviation gasoline is used only
in small aircraft.

Separate emissions of domestic and international flights must be reported separately to
UNFCCC. In order to strictly follow UNFCCC good practice the separation is done according to
the following table.
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Table 3.141 — IPCC criteria for distinction of bunker aviation emissions in domestic and
international

Criteria Domestic International
Depart and Arrive in Same Country Yes No
Depart from one country and arrive in another No Yes
Depart in one country, stop in the same country | No Yes

without dropping or picking up any passengers or
freight, then depart again to arrive in another country

Depart in one country, stop in the same country and | Domestic Stage Intern. Stage
drop or pick passengers or freight, then depart finally
arriving in another country

Depart in one country, stop in the same country, only | No Yes
pick up more passengers or freight and then depart
finally arriving in another country

Depart in one country with a destination in another | No Yes
country, and makes an intermediate stop in the
destination country where no passengers or cargo

are loaded
Source: IPCC (2000)

However, the Portuguese inventory presently can not fully achieve this level of detail and
separation is done exclusively according to the location of departing and arriving airport, being
domestic if they are both in national territory. Despite the fact that this scheme does not fully
agrees with Good Practices, it represents an important improvement since last submission.

Portuguese territorial area comprehends, in what concerns definition of domestic, mainland
continental area and the autonomous regions of Azores and Madeira islands®.

Disaggregation of emission is presently at the level expressed in Figure 3.64 below.

¥ The inventory did not consider as domestic, however, movements to Macau city in China until 2000, when this
territory was considered Chinese territory under Portuguese administration.
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Figure 3.64 — Available disaggregation of total aviation emissions
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Methodology

The methodology that is used in the inventory is coherent with good practices and is equivalent
to the Tier2b approach which is applied at the level of individual aircraft types. Emissions are
calculated separately for:

(1) LTO and cruise;
(2) Fuel type: jet fuel and aviation gasoline;

(3) Origin-Destiny in relation to territorial space of airport: domestic, EU25 and
international flights;

(4) Movement type: arrival and departure
(5) Aircraft type.

Landing/Take-off

The general approach to estimate emissions during Landing/Take-off is:

Emission ;o ) = Emission ;.

) = N Arrival(d,a,s,y

=N

) + EMISSION poparyre
) X 1073

p.da.sy p.dasy p.das.y)

) X EI:Arrival(p,s
) xEF

Emission Arrival(p,d,a,s,y

. : -3
Emission Departure(p,d,a,s,y Departure(d,a,s,y Departure(p,s) x10
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where

Emissionito (paasy) — Emissions of pollutant p from origin/destiny d in airport a
performed by aircraft s during year y (ton/yr);

Emissionarrivaip,d,asy), EMISSiONpeparture(p.d,asy) — Arrival and departure emissions of
pollutant p from, respectively, origin and destiny d in airport a performed by aircraft s
during year y (ton/yr);

Narrival, Naeparture — Number of arrival and departure movements performed in year y, by
aircraft s in airport s from origin/destiny d.

EF arivai(p,s) — Sum of approach and taxi-in emission factor for pollutant p and aircraft s
(kg/movement);

EFpeparturepsy — Sum of taxi-out, take-off and climb emission factor for pollutant p and
aircraft s (kg/movement);

However the aircraft type is not always available. For these cases the approach is based on an
airport specific emission factor as follows:

EMIssion 1o, 4ay) = EMISSION . a0.0.s.y) + EMISSION 5 otiveo.0.ay)
. . -3
Emission Arrival(p.day) — NArrivaI(d,a,y) x EFArrivaI(p,a) x10
. . -3
Emission Departure(p,d,a,y) — NDeparture(d,a,y) x EFDeparture(p,a) x10

Figure 3.65 outlines the process whereby LTO emissions are estimated.
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Figure 3.65 — Decision tree for LTO emission calculation
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Cruise

Cruise emissions are estimated based on aircraft movement data. The approach relies on a
origin and destiny matrix crossed with time table information. Emission factors are given for
each aircraft type and for a specific flight time.

Emission =Niro(dasy) ¥ EF,

cruise(p,d,s,t,y

)% 107

cruise(p,d,a,s,y)

where

Emissioncuisep.dasy) — Cruise emissions of pollutant p resulting from flight with
origin/destiny d in airport a performed by aircraft s during year y (ton/yr);

NLtoasy) — NumMber LTO from origin/destiny d in airport a performed by aircraft type s
during yeary;.

EFcrise(p.a.asty) — Emission factor for pollutant p specific for flight with origin/destiny d
taking time t performed by aircraft type s in year y (kg/LTO).

In national airports the same national flight is registered in origin airport as a departure and in
destiny airport as an arrival therefore the number of national movements must be divided by two
to avoid double counting. Cruise emissions from international and EU25 arrival movements are
not to be estimated since these emissions result from the fuel sold in country of origin country.
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Figure 3.66 — Decision tree for cruise emission calculation
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Emissions factors for LTO were set for each aircraft type according to information from FAEED
database which contains emission factors for each operation condition: idle, take off, climb out
and approach conditions. Emissions factors for arrival and departure were than set from the
time in mode FAEED table and from the emission factor for each operation condition where:

- Departure includes taxi-out (idle), take off and climb out modes;

- Arrival includes approach and taxi in (idle) conditions.
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Table 3.142 - Emissions factors for most common aircraft movements in national airports®

(kg/movement).
IATA Departure Arrival
Code | Fc | co | No, | PM | Nmvoc | cH, | Fc | co | No, | PM | Nmvoc | cH,
10| 520 88 50 48 10 01| 217 38 08 23 04  <0.1
310 | 1109 133 195 103 25 03| 463 54 38 51 10 0.1
320| 579 42 92 54 03 <01 | 241 18 19 26 01 <01
321| 694 64 136 65 06 01| 283 26 24 31 02 <01
330 | 1373 138 306 128 25 03| 564 55 53 62 10 0.1
340 | 1359 187 257 127 30 03| 551 72 45 60 11 04
727 | 893 99 86 82 28 03| 370 46 18 39 12 01
737 | 620 78 64 58 15 02| 264 35 15 28 06 0.1
747 | 2520 687 492 233 31.0 34| 1083 207 69 114 123 14
757 | 904 80 183 8.4 06 01| 380 32 26 41 03 <01
767 | 1216 136 224 113 25 03| 510 55 41 56 10 0.1
72F | 902 141 81 83 39 04| 375 66 17 40 17 02
75F | 953 79 220 88 06 01| 411 32 28 45 02  <0.1
ABF | 1196 198 224  11.2 42 05| 481 78 38 53 16 0.2
ARJ| 402 77 32 37 10 01| 168 35 09 18 04  <0.1
ATR| 794 76 137 75 07 01| 334 32 27 36 03 <0.1
BE1 64 50 02 06 43 05 34 24 01 04 20 02
BET 64 50 02 06 43 05 34 24 01 04 20 02
ccl 76 17 06 07 0.2 <01 60 18 03 06 0.2 <01
CNA 7 55 <01 0.1 03 <01 4 39 <01 <01 0.1 <01
CNJ 37 20 02 03 08 0.1 32 23 01 03 09 0.1
DH8 | 794 76 137 75 07 01| 334 32 27 36 0.3  <0.1
DHT 51 21 02 05 16 02 27 11 02 03 06 0.1
F27 | 176 110 04 16 28 03 87 54 01 09 10 0.1
GRJ| 173 29 18 15 03 <01 | 141 28 06 14 03  <0.1
H25 2 10 05 04 02  <0.1 3 12 02 03 02  <0.1
LOH| 134 93 07 13 51 06| 173 95 09 19 51 06
LRJ 42 10 05 04 0.2 <01 3 12 02 03 0.2 <01
MBO | 700 43 97 65 12 01| 206 22 21 32 0.7 0.1
s20 | 134 93 07 13 54 06| 173 95 09 19 51 06
SHe 64 50 02 06 43 05 3 24 01 04 20 02
SWM| 120 29 14 12 0.5 0.1 61 16 04 07 02  <0.1

Airport Based LTO Emission Factors

Specific airport LTO emission factors were needed for movements where information about the
aircraft type was not available. Therefore weighted averaged departure and arrival emission
factors were estimated from the fleet composition for each airport and year. This set of
averaged airport based LTO emission factors, available in annex, was used mainly in
movements from 1990 to 1999 since this was the period for which information on aircraft
characteristics was scarce.

*2 The complete list of aircraft LTO emission factors can be found in annex.
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Cruise
Aircraft Based Cruise Emission Factors
Cruise emission factors were estimated from EMEP/CORINAR detailed methodology.

Cruise emission factors are given for typical cruise distances. This information was used to
derive equations relating distances with emissions for representative aircrafts®. Using aircraft
speeds it was possible to estimate cruise fuel consumption and emissions for a given flight time.

Table 3.143 — Aircraft cruise speeds.

Aircraft (Sk‘:f/i(; Aircraft (Sk‘:f/i(;
D28 241 ARJ 720
PAG 273 146 767
DHT 297 DFL 780
DH6 298 M80 813
EMB 326 D9S 820
SH6 400 ERJ 833
DH7 400 320 840
J31 426 310 850
DH8 440 757 850
ANG 450 737 852
ATR 450 767 854
SWM 450 330 860
F50 454 100 861
SF3 467 340 880
F27 480 B11 885
ATP 491 DC9 885
BE1 495 TU5 900
BET 558 777 905
LOH 571 747 907
CNJ 644 D10 908
F28 678 727 917

Source: wwwe.airliners.net

Table 3.144 gives representative aircraft cruise consumption and emission factors for one hour
cruise flight.

% Correspondence between representative aircraft and other aircraft types was obtained from EMEP/CORINAIR
Emission Inventory Guidebook.
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Table 3.144 — Aircraft cruise emission factors for one hour cruise flight (kg/1hour).

Aircraft FC co NO, | Nmvoc |  cH,
De Havilland Canada DHC-6 90 1.07 0.47 0.07 0.01
Embraer EMB.110 154 0.60 0.90 0.03 <0.01
Gates Learjet 191 1.50 1.80 - -
Fairchild (Swearingen) SA26 195 1.56 1.93 0.10 0.01
BAe Jetstream 31 226 1.59 2.33 0.10 0.01
Beechcraft 1900 250 10.68 1.06 2.21 0.25
Shorts SD.360 333 8.19 1.79 1.24 0.14
Saab SF340A/B 356 1.61 3.64 0.77 0.09
Embraer RJ135 414 1.60 2.40 0.08 0.01
De Havilland Canada DHC-7 422 4.25 2.22 0.36 0.04
Fokker F-27 461 27.76 0.58 4.61 0.51
Fokker 50 547 2.95 6.85 - -
Antonov AN-26 661 42.47 0.93 18.31 2.03
Fokker F-28 1724 3.32 18.27 3.05 0.34
Lockheed L-182 2081 4.66 22.82 1.19 0.13
BAe 146 2123 2.98 17.46 0.74 0.08
Fokker 100 2289 3.58 19.88 0.83 0.09
BAe 111 2324 3.51 25.25 0.41 0.05
Airbus A319 2543 2.56 39.12 0.40 0.04
Airbus A320 2543 2.56 39.12 0.40 0.04
Boeing 737-200 2584 5.50 23.76 1.87 0.21
Boeing 737-500 2584 5.50 23.76 1.87 0.21
McDonnell Douglas DC-9 2792 5.10 26.09 1.53 0.17
McDonnell Douglas M81-88 3107 4.62 4413 1.41 0.16
Boeing 757 3488 5.94 63.66 3.17 0.35
Airbus 310 3947 3.43 59.55 0.61 0.07
Boeing 727-300 4163 8.51 37.91 212 0.24
Boeing 727-100 4163 8.51 37.91 212 0.24
Boeing 727-200 4163 8.51 37.91 212 0.24
Boeing 767 4 653 7.92 60.09 1.21 0.13
McDonnell Douglas DC-8 4 653 7.92 60.09 1.21 0.13
Airbus A330 5676 10.75 103.24 5.30 0.59
Airbus A340 6 295 21.22 105.11 18.29 2.03
Boeing 777 7237 22.32 134.21 17.49 1.94
McDonnell Douglas DC-10 7 831 20.12 153.64 20.47 227
Boeing 747 10 546 21.44 207.94 7.36 0.82

Airport Based Cruise Emission Factors

Specific airport cruise emission factors were needed for movements where information about
the aircraft type was not available. Therefore weighted averaged cruise emission factors were
estimated from the fleet composition for each airport, year and origin/destiny (international,
EU25 and domestic), considering that preferably aircraft types are used according with the flight
length.

Again, this set of averaged airport based cruise emission factors, available in annex, was used
mainly in movements from 1990 to 1999 since this was the period for which information on
aircraft characteristics was scarce.
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Fuel dependent emission factors

Fuel dependent emission factors were set for CO,, N,O, SO, and heavy metals.

Table 3.145 — Fuel dependent emission factors.

Pollutant AG JP
LHV (MJ/kg) 44.77 44.56
CO2 (kg/ton) 3117 3117
N20 (kg/ton) 0.04 0.04
SOx (%) 0.04 0.04
Pb (g/ton) 304 304
Cd (g/ton) 0.25 0.25
Cr (g/ton) 0.05 0.05
Cu (g/ton) 1.10 1.10
Ni (g/ton) 0.28 0.28
Se (g/ton) 0.03 0.03
Zn (g/ton) 3.00 3.00

Source: IPCC, 1997

Activity Data

Flight movements in Airports

The determinant activity data for this source activity is the number of arrival and departure
movements. The number of movements by airport, aircraft, origin/destiny and movement type
(arrival or departure) for the period between 1990 and 2004 was provided by the Instituto
Nacional de Aviacao Civil (INAC).

Table 3.146 — LTO per airport

Airport Name Airport Code 1990 1995 2000 2004
Lisboa LIS 30 862 34 932 56 073 63772
Porto OPO 11 574 13 348 23 277 22 833
Faro FAO 11 252 13 067 18 243 18 241
Funchal FNC 6 475 9460 12 037 12 375
Terceira TER 3801 4049 4 501 4 493
Ponda Delgada PDL 2954 3382 4134 5833
Porto Santo PXO 2403 4243 3774 3555
Horta HOR 1237 1542 1756 2 407
Santa Maria SMA 634 893 15652 1064
Flores FLW 281 357 552 719

Total 71473 85 271 125 898 135 290

Data concerning aircraft operation characteristics, particularly, the origin/destiny, the aircraft
type and the movement type was sometimes not included in the records database. The worse
case refers to the period between 1990 and 1994, for this period the only information available
was the number of operations, all other information was missing. There is also the period
between 1995 and 1999 with missing data on aircraft type. For all these cases an alternative
approach had to be set.
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An alternative database was however available with information on the number of operations
and the aircraft types. This data was very useful in determining the aircraft fleet composition
between 1990 and 1999 for each of the national airports in order to determine airport
representative arrival and departure emission factors.

On the other hand, for records with missing information on origin and destiny, an yearly fraction
of international, domestic and European flights was derived for each airport relying on the
movements which had this information. This was necessary to differentiate emissions between
domestic and international.

Figure 3.67 — Decision tree for distinction between domestic and international emissions.
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Figure 3.68 — Domestic (N), EU25 (UE) and international (1) LTOs
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Fuel Consumption

Although fuel consumption was available from fuel sales statistics from DGGE, fuel estimations
had to be estimated from aircraft fuel consumption factors (fuel used per LTO and kilometre
cruised) and the number of aircraft movements since the available fuel data was not adequate
for IPCC domestic and international disaggregation (Table 3.141). This approach is equivalent
to the one used for estimate pollutants such as CO, NO,, PM, NMVOC and CH,.

Figure 3.69 — Estimated aviation gasoline (a) and jet fuel (b) consumption
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To test the model accuracy, estimated fuel consumption was compared to actual fuel sales.
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Figure 3.70 — Estimated consumption and actual aviation gasoline fuel sales
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Figure 3.71 — Estimated consumption and actual jet fuel sales
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For LTO and cruise fuel use, Figure 3.72 provides the fuel consumption during each mode. The
majority of the fuel is consumed under international cruising. Domestic LTO fuel consumption in
2004 was 37 208 ton compared to 24 737 in 1990 (50,4% increase) while consumption under
domestic cruise in 2004 was 92 912 ton compared to 27 783 ton in 1990 (234% increase).

MAOTDR INSTITUTO DO AMBIENTE
163



Portuguese National Inventory Report

Energy

Figure 3.72 — LTO and cruise fuel consumption for international (a) and domestic (b) use.
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The difference between LTO and cruise fuel growth results in one hand from the increase in
LTO fuel efficiency and, in the other hand, from the increase in net flight time under domestic
cruise and an increase of energy consumption per cruising hour.

Figure 3.73 — Domestic LTO fuel consumption per LTO.
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Figure 3.74 — Domestic cruising time and energy consumption per hour.
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Uncertainty Assessment

Activity level refers to the fuel domestic consumption wich was estimated for LTO and Cruise

separately according with the following couple equations.

+U2

FCcruise

+U2

time

_ 2

U cruise — \/U movements
_ 2 2

U Ito — \/U + U FClto

movements

The activity level uncertainty (Ugobal) is therefore obtained from:

\/(Ecruise x U cruise )2 + (Elto x U Ito )2
U global = E + E

cruise Ito

Where,

Ecrises Eito = domestic energy consumption under cruise and LTO (GJ).
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Table 3.147 — Aviation activity level uncertainty.

Source | parameter | unit | 1990 | 1991 | 1992 | 1093 | 1994 | 1995 | 1996 | 1097 |

All Uglobal % 83% 82% 84% 87% 87% 82% 72% 2%
Cruise Ucruise % 129% 129% 129% 129% 129% 121% 99% 99%
LTO Ulto % 100% 100% 100% 100% 100% 100% 100% 100%

Movements Umovements % 5% 5% 5% 5% 5% 5% 5% 5%
Fligth Time Utime % 84% 84% 84% 84% 84% 70% 9% 9%
Cruise FC Ucruise_fc % 98% 98% 98% 98% 98% 98% 98% 98%
LTO FC Ulto_fc % 100% 100% 100% 100% 100% 100% 100% 100%
Source Parameter | Unit | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 2004
All Uglobal % 72% 72% 37% 37% 38% 38% 38%
Cruise Ucruise % 99% 99% 49% 49% 49% 50% 50%
LTO Ulto % 100% 100% 48% 48% 48% 49% 49%
Movements Umovements % 5% 5% 5% 5% 5% 5% 5%
Fligth Time Utime % 9% 9% 9% 9% 9% 9% 9%
Cruise FC Ucruise_fc % 98% 98% 48% 48% 48% 49% 49%
LTO FC Ulto_fc % 100% 100% 48% 48% 48% 49% 49%

The uncertainties of emissions factors were set at 5% for CO,, 100% for methane and one order
of magnitude for N,O, following the recommendations from GPG.

3.2.C.4 WATER BORNE NAVIGATION
Overview

This sector refers to national ship transport, irrespective of ship flag, between Portuguese ports
including traffic to the Azores and Madeira islands. Although excluded from national inventories,
international emissions were also estimated considering only 50% of the total distance to the
international seaport.

Methodology

Emissions from navigation were calculated according to the EMEP/CORINAIR methodology, an
improved tier 1 methodology. First fuel consumption is calculated based on ship movements
between ports then emissions are estimated form the fuel use. The distinguish between
domestic and international traffic is not fully according with IPCC Good Practices since there is
no complete information on passenger and freight. The distinguish was based in the origin and
destiny country (see Table 3.141). The general approach could be described as follows:
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Figure 3.75 — Generic methodology flowchart.
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Emission Factors

Emission factors were obtained from EMEP CORINAIR guidebook except for CO, which was

obtained from IPCC.
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Table 3.148 — Emission factors for navigation

Pollutant Unit Gas-oil Rfiseildcl:i?I
LHV MJ/kg 40.170 43.310
CO, ton/TJ 74.067 77.367
NOy kg/tonne fuel 72.000 72.000
SO, kg/tonne fuel 000 53.400

2.000
CO kg/tonne fuel 7.400 7.400
NMVOC kg/tonne fuel 2.400 2.400
CH, kg/tonne fuel 0.050 0.050
N.O kg/tonne fuel 0.080 0.080
PM kg/tonne fuel 1.200 7.600
Pb g/tonne fuel 1.300 0.200
Cd g/tonne fuel 0.010 0.030
Hg g/tonne fuel 0.050 0.020
As g/tonne fuel 0.050 0.500
Cr g/tonne fuel 0.040 0.200
Cu g/tonne fuel 0.050 0.500
Ni g/tonne fuel 0.070 30.000
Se g/tonne fuel 0.200 0.400
Zn g/tonne fuel 0.500 0.900
PAH g/tonne fuel 2.000 2.000

M Until year 2000, inclusive;
@ After year 2000
Source: EMEP/CORINAIR, IPCC

In order to estimate fuel consumption for use with emission factors from Table 3.148 default

consumption factors suggested by EMEP/CORINAIR were used.

Table 3.149 — Consumption factors

Consumption at fuel power

Sillp T (tonne/day)®
Solid bulk 20.186 + 0.00049 x gt
Liquid bulk 14.685 + 0.00079 x gt

General cargo

9.8197 + 0.00143 x gt

Container

8.0552 + 0.00235 x gt

Passenger/Ro-Ro/Cargo

12.834 + 0.00156 x gt

Passenger

16.904 + 0.00198 x gt

High speed ferry

39.483 + 0.00972 x gt

Inland cargo 9.8197 + 0.00143 x gt
Sail ships 0.4268 + 0.00100 x gt
Tugs 5.6511 + 0.01048 x gt
Fishing 1.9387 + 0.00448 x gt
Other ships 9.7126 + 0.00091 x gt
All ships 16.263 + 0.001 x gt
Legend:

t — gross tonnage

3 _ a factor of 0.8 was applied to obtain consumption for cruise.

Source: EMEP/CORINAIR
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Activity Data

Ships movements in national sea ports

The activity data from navigation is based on ship movement for individual ships in each
national seaport comprehending nine ports in Portugal mainland and four in islands of Madeira
and Azores.

The data provided by national seaports reports to the years 1990 and 1995; and to the period
between 2000 and 2004. The number of movements and the distances travelled for the period
1991-1994 and 1996-1999 were estimated according with a trend line established between
years with available data.

For most cases, data on origin and destiny was also available per movement which allowed to
estimate the distances travelled and to distinguish between domestic and international
movements.

Table 3.150 — Ship movements

Sea Port Sea Port Unit 1990 1995 2000 2004
Code

Aveiro PTAVE docks 876 1098 1009 1053
Canical PTCNL docks 76 76 76 94
Faro PTFAO docks 163 163 163 36
Figueira da Foz PTFDF docks 315 297 307 292
Funchal PTFNC docks 1063 1063 1063 1022
Leixdes PTLEI docks 2742 2 896 3050 2815
Lisboa PTLIS docks 5586 4993 3869 3473
Ponta Delgada PTPDL docks 1080 1080 1080 1067
Portimao PTPRM docks 34 34 37 56
Porto Santo PTPXO docks 402 402 402 398
Setubal PTSET docks 1453 1453 1699 1669
Sines PTSIE docks 1038 979 808 927
Viana do Castelo PTVDC docks 254 293 49 73

Note: each dock reports two movements: one from the origin port to the national reporting sea
port; and the other from the reporting national sea port to the destiny
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Figure 3.76 — Nautical miles travelled.
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Ship Fleet

The fleet is composed mainly by general cargo ships. The fleet from Figure 3.77 refers to all
ships that docked in national seaports between 1990 and 2004 irrespective of domestic or
international movements.

Figure 3.77 — Ship fleet.
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Fuel consumption

Fuel consumption was estimated from fuel consumption factors from Table 3.149. Fuel used in
domestic movements corresponds to a fraction of about 12% of the total fuel consumption.
International fuel from Table 3.151 is the necessary fuel to perform 50% of the total distance,
the remaining 50% is assumed to be allocated to the international country of origin or destiny.
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Table 3.151 — Fuel consumption
Fuel Type | Definition Unit 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997
Residual Domestic kton 56 55 55 55 54 51 54 56
Fuel Oil International | kton 412 425 435 444 447 448 457 443
Distillate Domestic kton 21 21 21 21 20 19 20 21
Fuel International | kton 156 160 164 168 169 169 172 167
Fuel Type | Definition Unit 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Residual Domestic kton 58 52 47 45 48 48 49 -
Fuel Oil International | kton 430 433 435 417 426 417 426 -
Distillate Domestic kton 22 20 18 17 18 18 18 -
Fuel International | kton 162 163 164 157 161 158 161 -

Tugs Fuel consumption

Data concerning tugs assistance operations within the national seaports allowed the
incorporation of these emissions in the inventory. Tug fuel consumption was estimated for each
manoeuvring ship in a seaport following the criteria shown in the Table 3.152. Specific tug fuel
consumption factors were supplied by IPTM.

Table 3.152 — Criteria employed in the tugs fuel consumption estimation.

: Assisted Assisted N.° Of N.° Of

SN EE e Arrivals (%) | Departures (%) Tugs/Arrival Tugs/Departure

Small Size All 20 0 0

Medium Size All 50 25 1

Large Size All 100 100 1

Super Large Size S|r|1_e§ a}nd 100 100 2
eixdes

Super Large Size | All €xcept Sines 100 100 2
and Leixdes

This estimation required the ship size classification expressed in table (Table).

Table 3.153 — Ship type classification for tugs fuel consumption estimation.

Ship Type GT
Small Size GT<1000
Medium Size 10000=GT<1000
Large Size 50000=GT<10000
Super Large Size GT>50000

GT: gross tonnage

Finally the fuel consumption was added to the ship that needed the tugs service.
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Uncertainty Assessment

Activity level uncertainty refers to the fuel consumption uncertainty which depends on the
number of movements, the distance travelled and fuel consumption factors. The global
uncertainty is therefore obtained from:

Uglobal :\/UZ +U2

movements distan ce

+U 2

Movements uncertainty was assumed to be 5% as suggested in IPCC Good Practice
Guindance and Uncertainty Management. The distance uncertainty was calculated assuming
that ships speeds were constant between origin and destiny seaports. This allows the indirect
assessment of the uncertainty trough the travelling time between seaports. For the same OD its
possible to estimate uncertainty according with differences between travelling times performed
by the same type of ships. Finally, it was assumed an uncertainty of 50% for fuel consumption
factors proposed by EMEP/CORINAIR. Activity level uncertainty was estimated about 51% as
referred in Table 3.154.

Table 3.154 — Navigation activity level uncertainty.

| Source | Parameter | Value |
All Uglobal 51%
Movements Umovements 5%
Distance Travelled Udistance 16%
Fuel Consumtion Factor Ufc 48%

Following the recommendations of GPG the uncertainties of emission factor for CH, and N,O,
and for all types of vessels and navigation, were set respectively to 100% and 1000%.

3.2.C.5 OTHER MOBILE SOURCES
OVERVIEW

There is no much information allowing the estimation of emissions from off-road vehicles and
machines, mainly because they are not individualized in the energy balances from DGGE. The
only exception are the agriculture/forestry sector where it is more or less evident that all gas-oil
is used as energy source to vehicles and machines, and the fishing vessels.

Emissions from off-road vehicles and machines from other sectors: industry, residential and
institutional, are however quantified and included in emission totals but under activity-specific
emission estimates. The fact that they are different equipments with different emission factors is
also considered in the inventory because when emission factors were established for all those
activities some assumptions were made concerning where the fuel was used. For instance, it
was assumed that all petrol/gasoline and half of the diesel-oil was used in engines, and these
may be either static or mobile.

AGRICULTURE
Overview

Due to typical operation in vast land areas, agriculture and Forestry activities are heavily
dependent on machines and off-road vehicles: agricultural and forest tractors from 5 kW up to
250 kW, harvesters, sprayers, mowers, tillers, chain saws, haulers, shredders and log loaders
among others.
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Only gas-oil is assumed to be a energy source for mobile equipments in this activity. Although
emissions from mobile sources in agriculture and forestry are reported under category source
1A4c, methodology used to estimate emissions from this activity is better presented here
together with the other individualized mobile sources.

Methodology

Emissions to atmosphere of ultimate CO, from fossil origin were estimated from CO, total
emissions by:

FOSSilCOZ(y) = Zf [EFc02 * FaCox * ConSFue|(y) * LHV] * 10-5

where

Fossilcozy) - Emissions of carbon dioxide to atmosphere from combustion of diesel oil in
agriculture off road vehicles and machinery (ton);

EFco, — Total carbon content of fuel expressed in total Carbon Dioxide emissions (kg
CO,/GJ);

Facox — Oxidation factor for diesel oil (ratio 0..1);
Consgelry) - Consumption of diesel oil in year y (ton/yr);
LHV (, - Low Heating Value (MJ/kg).

Sulphur oxides emission from combustion are estimated from fuel consumption quantities and
sulphur content from:

SO, ) =2 * Fuelconsy) * Sy * 107

where
SOy () - Sulphur oxide emission in year y (ton/yr);

FuelCons, - Consumption of gas oil in off-road vehicles and machines in
agriculture/forestry sector in year y (ton/yr);

S (y) - Sulphur content of gas oil (mass percentage).

Emissions for other pollutants are estimated with the following formula:

Emission py) = EF(p) * COHSFue|(y) * 10_3

where
Emission () - Emission of pollutant p in year y (ton/yr);
EF,) - Emission factor for pollutant p (kg/ton);

Consgely) - consumption of gas oil in agriculture machines and off-road vehicles during
in year y (ton/yr).
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Emission Factors

The set of emission factors utilized to estimate air emissions from use of gas oil in agriculture
machines and other off-road vehicles were determined as the average value of the values
proposed in tables 1-47 and 1-49 of the Revised 1996 IPCC Guidelines (IPCC,1997), except the
emission factor for Particulate Matter, set from the EMEP/CORINAIR Emission Inventory
Guidebook - 3rd edition (EEA,2002).

Table 3.155 — Emission factors for gas oil use in agriculture machines and other off-road
vehicles

Parameter| EF Unit
LHV 43.3] MJ/kg
SOx 03 %
NOx 56.9
NMVOC 8.4
CH4 0.3 g/kg
CO 20.7
U CO2 3136
FaCox 0.990, 0.1
N20 1.3
NH3 0.007| g/kg
PM 5.87
As 0.05
Cr 0.05
Cu 1.7 glton
Ni 0.07
Se 0.01
Zn 1

Activity Data

Consumption of fuels in the agriculture and forestry sector is available from 1990 to 2004 from
General-Directorate of Geology and Energy (DGE) in the energy balance. Although there is no
clear specification, in original database, in which combustion equipment each fuel is used it was
assumed that all gas-oil is used in machines and other off-road vehicles. Quantities that were
consumed are presented in Figure 3.78.
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Figure 3.78 - Consumption of gas-oil in machines and other off-road vehicles (1990-2004)
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Uncertainty Assessment

The time trend of diesel oil consumption in this activity shows a sharp and unexpected decrease
between 1996 and 1998. Although future developments are expected to correct this situation, in
this year the uncertainty in activity data was set as the maximum inter-annual variation, 80 per
cent. Concerning emission factors, because there is no specific information for this activity in
the GPG, the same uncertainty values that were used for road transportation were used to
estimate uncertainty from off-road emissions of CO,, CH4 and N,O.

FISHING VESSELS
Overview

Emissions from fuel consumption in fishing ships and boats are discussed here because of
similarities to navigation, although associated emissions are included in 1A.4c Fuel Combustion
Activities in Agriculture, fisheries and forestry. Also emissions from additional consumption in
fishing industry, aquaculture or sea ports that are realized inland and not in water vessels are
not included here but under Fuel Combustion Activities, Other Sectors (1A4) and are discussed
in chapter 3.2.A.6.

In the inventory process it was assumed that marine diesel engines are the main power source
for ships either for transport or shipping activities. Small local fishing and sport ships do in fact
use petrol-engines but they represent a small proportion of total consumption and for most
situations their fuel consumption can not be individualised from road traffic consumption.

Methodology

Emissions for all pollutants other than CO, and SO, are estimated for each ship type using the
following formula:

L _ 3
Emission (up.y) = 2 [EF (i) * CONSFueniy)] * 10

where

Emission () - Total emission of pollutant p in year y from ships of class n (ton/yr);
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EFhfp) - Quantity of pollutant p emitted, variable with fuel type f and ship class n
(kg/ton);

Consruein,iy) - cOnsumption by ships of type n of fuel f during year y (ton/yr).

Emissions of carbon dioxide are estimated from:

. _ 5
Fossilcozn,y) = 2 [EFcoz 0~ Facox @ * Crossiln * CONSryeinfy) * LHV (] * 10

Where,

Fossilcozy) - Emissions of carbon dioxide to atmosphere from combustion of fossil origin
from ships of class n (ton);

EFco2 1) — Total carbon content of fuel expressed in total Carbon Dioxide emissions (kg
CO,/GJ);

Facox — Oxidation factor for fuel f (ratio 0..1);

Crossil - Percentage of carbon from fossil origin in fuel f (%);
Consgein,iy) - Consumption of fuel fin year y from ship type n (ton/yr);
LHV - Low Heating Value (MJ/kg).

Sulphur oxides emission from combustion are estimated from fuel consumption quantities and
sulphur content from:

SO, (ny) = 2* Zf[FueICQns(n’f!y) *S (fy) * 102]

where

SO« (ny) - Sulphur oxide emission estimated from consumption from navigation or
fishing in year y from ships of class n (ton/yr);

FuelCons,y) - Consumption of fuel f in ship n in year y (ton/yr);
S (ty) - Sulphur content of fuel (mass percentage).
Emission Factors

Except for carbon dioxide and sulphur oxide, emissions were estimated using default emission
factors (kg/ton) from IPCC 1996 Revised Guidelines (table 1-47 in IPCC,1997) for most
pollutants. The following criteria was used to chose the most suitable emission factors:

- “Ocean-going ships” for national and international transport navigation, deep-sea
fishing and cod fishing;

- “Boat” in the case of coastal fishing vessels.

For carbon dioxide emission factors are in kg/GJ in a similar mode to other combustion
activities. Sulphur oxide emissions are dependent on sulphur content of fuel. Particulate matter
emission factors are from Lloyd’s register (1995) and EMEP/CORINAIR (EEA,2002), and are
function of type of fuel. Emission factors are presented in next table.

MAOTDR INSTITUTO DO AMBIENTE
176




Portuguese National Inventory Report

Table 3.156 — Emission factors for Water Borne Navigation and Fishing Vessels

: Coastal Other Coastal Other
EF Units Fisheries | Fisheries | Fisheries | Fisheries
Gas-oil Fuel-oil
LHV MJ/kg 43.31 40.17
SOy % 0.3 3
NO, g/kg 67.5 87 67.5 87
NMVOC |g/kg 4.9
CH, g/kg 0.23
CO g/kg 21.3 1.9 21.3 1.9
EFco, kg/GJ 74.07 77.37
CFossil % 100
Facpx 0..1 0.99
N,O g/kg 0.08
PM g/kg 1.2 7.6
As g/ton 0.05 0.5
Cd g/ton 0.01 0.03
Cr g/ton 0.04 0.2
Cu g/ton 0.05 0.5
Hg g/ton 0.05 0.02
Ni g/ton 0.07 30
Pb g/ton 0.2 1.3
Se g/ton 0.2 0.4
Zn g/ton 0.5 0.9

Energy

Activity Data

Total fuel consumption in fishing activities is also available from the energy balance in energy
units (toe). Because information from DGGE does not separate energy consumption in ships
and in inland static equipments, it was assumed that the totality of diesel oil, gas oil and fuel oil
were used as energy sources for ships. All other fuel types (LPG, petrol and kerosene) where
used in inland combustion activities. Consumption of gas oil in fishing bunkers is present in the
next figure®.

% Use of diesel oil and fuel oil is insignificant, allways less than 2.5% of gas oil consumption.

MAOTDR INSTITUTO DO AMBIENTE

177



Portuguese National Inventory Report Energy

Figure 3.79 — Consumption of fuel oil in fishing bunkers (1990-2004)
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Additional information in DGGE annual reports, available only until 2001, allow the division® of
each fuel type in several different fishing activities: (1) Local coastal fishing; (2) Deep-sea
fishing and (3) Cod-fish fishing vessels*®. Percentage for each type of fisheries is presented in
next figure.

Figure 3.80 — Consumption of fuel by fishing vessel type in percentage of total
consumption in bunkers for fisheries (1990-2004)
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* The same situation that was described for transport navigation is true here. It was possible to distinguish between
thin-fuel-ail, thick-fuel-oil and NATO’s naphtha, gas-oil and diesel oil, but available emission factors again do not
distinguish these fuel types

% All fishing activities were allocated to national total although it is true that some may not be realized in territorial
waters or EMEP area. That is clearly the case of cod-fish fishing and it is also partly true for deep-sea fishing.
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Uncertainty Assessment

Concerning the uncertainty in fishing activity data the uncertainty was set as 5 per cent in
accordance to what was done for the other mobile sources.

Following the recommendations of GPG the uncertainties of emission factors for CH, and N,O,
and for all types of vessels and navigation, were set respectively to 100 per cent and 1000 per
cent.
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3.2.C.6 ANNEXES
AVIATION

Annex Table 1 — Airport based LTO emission factors (kg/movement)
Airport | Parameter | Type 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999
LIS FC Arrival 372 | 350 | 331 321 308 | 304 | 299 | 292 | 288 | 274
OPO FC Avrrival 322 | 310 | 297 | 300 | 284 | 294 | 285| 267 | 250 | 220
FAO FC Arrival 317 | 327 | 319 | 317 | 324 | 322 | 327 | 313 | 317 | 307
SMA FC Avrrival 321 369 | 403 | 404 | 396 | 368 | 357 | 356 | 370 | 355
PDL FC Arrival 239 | 351 342 | 342 | 308 | 360 | 301 307 | 329 | 341
HOR FC Arrival 126 | 323 | 307 | 293 | 322 | 264 | 323| 323 | 323| 327
FLW FC Avrrival 87 | 334 | 249 | 237 | 334 | 334 | 334| 334 334 | 334
FNC FC Arrival 239 | 351 342 | 342 | 308 | 360 | 301 307 | 329 | 341
PXO FC Avrrival 107 | 329 | 278 | 265| 328 | 299 | 328 | 329| 328 330
TER FC Arrival 151 336 | 299 | 291 321 319 | 319 | 321 329 | 334
LIS co Arrival 663 | 539 | 490 | 498 | 435| 395| 378 | 366 | 371 | 3.18
OPO co Avrrival 533 | 439 | 430 | 449 | 431 | 431 | 412| 374 | 352 | 329
FAO co Avrrival 479 | 414 | 407 | 416 | 447 | 407 | 427 | 396 | 425 | 3585
SMA co Arrival 1137 | 450 | 535| 523 | 486 | 380 | 438 | 379 | 422| 375
PDL co Arrival 665 | 384 | 395| 381 | 379 | 412 | 356 | 356 | 4.00 | 3.80
HOR co Avrrival 501 | 327 | 379 | 306 | 327 | 350 | 327 | 327 | 327 | 326
FLW co Avrrival 543 | 323 | 590 | 256 | 323 | 323| 323| 323 | 323| 323
FNC co Avrrival 665 | 384 | 395| 381 | 379 | 412 | 356 | 356 | 4.00| 3.80
PXO co Avrrival 522 | 325| 484 | 281 | 325| 336 | 325| 325| 325| 325
TER co Arrival 570 | 345 | 455| 314 | 343 | 362 | 335| 335| 350 | 343
LIS NOx Avrrival 235 | 229 | 217 | 201 | 195 | 196 | 193 | 190 | 197 | 1.95
OPO NOx Avrrival 192 | 197 | 181 | 177 | 162 | 170 | 164 | 150 | 152 | 1.20
FAO NOx Avrrival 191 | 210 | 202 | 196 | 205| 205| 210 | 2.01| 203 | 196
SMA NOx Arrival 197 | 292 | 314 | 3.08| 3.05| 279 | 276 | 275| 291 | 2.86
PDL NOx Arrival 137 | 275 | 264 | 264 | 238 | 282 | 231 | 238| 257 | 261
HOR NOx Avrrival 038 | 255| 242 | 231 | 254 | 148 | 254 | 255| 255 | 261
FLW NOx Avrrival 007 | 274 | 202 | 192 | 274 | 274 | 274 | 274 | 274 | 274
FNC NOXx Arrival 137 | 275 | 264 | 264 | 238 | 282 | 231 | 238 | 257 | 261
PXO NOx Avrrival 023 | 265| 222 | 211 | 264 | 211 | 264 | 265| 264 | 267
TER NOx Arrival 061 | 268 | 236 | 229| 255| 235| 253 | 256 | 262 | 265
LIS PM Avrrival 399 | 376 | 357 | 345| 331 | 327 | 321 | 314 | 311 | 296
OPO PM Avrrival 345 | 334 | 319 | 321 | 304 | 314 | 305| 285| 269 | 235
FAO PM Avrrival 340 | 352 | 343 | 341 | 349 | 346 | 352 | 337 | 342 | 330
SMA PM Arrival 344 | 402 | 438 | 439 | 431 | 400| 389 | 387 | 4.03| 3.87
PDL PM Arrival 256 | 382 | 372 | 372| 334 | 392| 327 | 334 | 358 | 3.71
HOR PM Avrrival 133 | 352 | 334 | 319 | 351 | 281 | 351 | 352| 352 | 3.56
FLW PM Avrrival 091 | 365| 272 | 258 | 365| 365| 365| 365| 365| 3.65
FNC PM Arrival 256 | 382 | 372 | 372| 334 | 392| 327 | 334 | 358 | 3.71
PXO PM Arrival 112 | 358 | 3.03| 289 | 358 | 323 | 358 | 358 | 3.58| 3.60
TER PM Avrrival 160 | 3.66 | 3.26 | 317 | 350 | 346 | 347 | 350 | 3.58 | 3.64
LIS NMVOC Avrrival 235 | 158 | 140 | 149 | 113 | 081 | 072| 069 | 071 | 056
OPO NMVOC Avrrival 158 | 096 | 090 | 099 | 095| 088 | 078 | 068 | 072 | 0.64
FAO NMVOC Arrival 120 | 092 | 088 | 091| 115| 087 | 097 | 092 | 1.01| 0.84
SMA NMVOC Arrival 558 | 1.04| 150 | 142 | 116 | 065| 110 | 069 | 092 | 061
PDL NMVOC Avrrival 220 | 062| 060 | 066 | 077 | 080| 061 | 058 | 074 | 064
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HOR NMVOC Arrival 094 | 036| 034| 039| 036| 063| 036| 036 | 036 | 034
FLW NMVOC Avrrival 1.02 | 031| 025| 041 | 031| 031| 031| 031| 031]| 0.31
FNC NMVOC Avrrival 220 | 062 060 | 066| 077 | 080| 061| 058 | 074 | 064
PXO NMVOC Avrrival 098 | 033| 030| 040| 033 | 047 | 033 | 033 | 033| 032
TER NMVOC Arrival 139 | 043 | 040 | 048 | 048 | 058 | 043 | 041 | 047 | 043
LIS CH4 Arrival 026 | 018 | 016 | 0.17| 013 | 0.09 | 008 | 008 | 008 | 0.06
OPO CH4 Avrrival 018 | 011 | 010 | 011 | 011 | 0.10| 009 | 008 | 008 | 007
FAO CH4 Avrrival 013 | 010 010 | 0.10| 013 | 0.10| 011 | 010 | 011 | 0.09
SMA CH4 Arrival 062 | 012 017 | 016 | 013 | 007 | 012 | 008 | 010 | 0.07
PDL CH4 Arrival 024 | 007 | 007 | 007| 009 | 009 | 007 | 006| 008]| 007
HOR CH4 Avrrival 010 | 0.04 | 004 | 004 | 004 | 007 | 004 | 004 | 004 | 004
FLW CH4 Avrrival 011 | 003 | 003 | 005| 003 | 003| 003| 003| 003| 003
FNC CH4 Avrrival 024 | 007 | 007 | 007| 009 | 009 | 007| 006| 008]| 007
PXO CH4 Avrrival 011 | 004 | 003 | 004| 004 | 005| 004| 004| 004| 004
TER CH4 Arrival 015 | 0.05| 004 | 005| 005| 006 | 005| 005| 005| 005
LIS FC Departure 889 | 835 | 791 767 | 736 | 727 | 715| 698 | 688 | 656
OPO FC Departure 771 741 711 718 | 679 | 703 | 681 637 | 597 | 522
FAO FC Departure 756 | 781 761 758 | 774 | 768 | 782 | 747 | 757 | 731
SMA FC Departure 746 | 879 | 960 | 963 | 944 | 875 | 848 | 845 | 880 | 843
PDL FC Departure 556 | 836 | 814 | 815 | 727 | 857 | 710 | 726 | 782 | 812
HOR FC Departure 275 | 769 | 730 | 696 | 767 | 629 | 767 | 769 | 768 | 776
FLW FC Departure 176 | 794 | 590 | 559 | 794 | 794 | 794 | 794 | 794 | 794
FNC FC Departure 556 | 836 | 814 | 815| 727 | 857 | 710 | 726 | 782 | 812
PXO FC Departure 226 | 781 660 | 628 | 780 | 711 780 | 781 781 785
TER FC Departure 336 | 800 | 711 690 | 762 | 760 | 757 | 763 | 781 794
LIS co Departure | 14.90 | 1213 | 11.08 | 11.21 | 9.84 | 910 | 875 | 846 | 864 | 7.41
OPO co Departure | 12.00 | 10.05 | 9.88 | 10.29 | 9.76 | 9.89 | 946 | 855 | 8.05 | 7.41
FAO co Departure | 10.83 | 9.42 | 930 | 949 | 1020 | 935 | 979 | 9.02| 977 | 8.82
SMA co Departure | 24.30 | 10.40 | 12.35 | 1216 | 1140 | 895 | 9.90 | 880 | 9.77 | 8.76
PDL co Departure | 1429 | 9.01 | 922 | 890 | 833 | 962 | 7.8 | 7.95| 910 | 8.84
HOR co Departure | 10.28 | 7.65 | 882 | 7.09| 7.65| 7.84| 765 | 7.65| 7.65| 7.64
FLW co Departure | 10.97 | 7.62 | 13.61 | 588 | 7.62 | 762 | 7.62 | 7.62| 7.62| 7.62
FNC co Departure | 14.29 | 9.01 | 922 | 890 | 833 | 962 | 7.86| 7.95| 910 | 8.84
PXO co Departure | 10.63 | 7.63 | 11.21 | 649 | 7.63 | 7.73| 763 | 7.63| 7.63 | 7.63
TER co Departure | 11.85 | 8.09 | 1055 | 7.29 | 7.87 | 836 | 7.71| 7.74| 812 | 8.03
LIS NOx Departure | 13.22 | 12.37 | 11.60 | 10.82 | 10.29 | 10.20 | 10.00 | 9.74 | 10.20 | 10.14
OPO NOx Departure | 10.11 | 10.25 | 9.51 | 941 | 840 | 883 | 852 | 758 | 7.58 | 596
FAO NOXx Departure | 10.11 | 10.86 | 10.49 | 10.42 | 11.32 | 11.14 | 11.47 | 10.95 | 11.29 | 10.94
SMA NOx Departure | 11.86 | 15.48 | 17.49 | 18.00 | 17.42 | 16.31 | 15.56 | 15.49 | 16.02 | 14.93
PDL NOx Departure 7.31 | 13.94 | 13.39 | 13.42 | 1218 | 14.59 | 11.72 | 12.01 | 13.16 | 13.25
HOR NOx Departure 1.69 | 12.60 | 11.94 | 11.34 | 12.52 | 6.40 | 12.53 | 12.62 | 12.58 | 12.94
FLW NOx Departure 0.35 | 13.70 | 10.09 | 9.44 | 13.70 | 13.70 | 13.70 | 13.70 | 13.70 | 13.70
FNC NOXx Departure 7.31 | 13.94 | 1339 | 13.42 | 1218 | 1459 | 11.72 | 12.01 | 13.16 | 13.25
PXO NOx Departure 1.02 | 13.15 | 11.02 | 10.39 | 13.11 | 10.05 | 13.12 | 13.16 | 13.14 | 13.32
TER NOx Departure 312 | 1342 | 11.81 | 11.40 | 12.80 | 11.56 | 12.65 | 12.78 | 13.15 | 13.30
LIS PM Departure 821 | 773 | 732 | 7.08| 680 | 672 | 661 | 645 | 637 | 6.08
OPO PM Departure 711 | 687 | 657 | 663 | 626 | 649 | 628 | 588 | 551 | 481
FAO PM Departure 698 | 723| 704| 701| 716 | 710 | 723 | 690 | 7.00 | 6.76
SMA PM Departure 688 | 824 | 897 | 899 | 882 | 818 | 792 | 790 | 824 | 791
PDL PM Departure 512 | 783 | 761 | 762 | 680 | 802 | 664 | 679 | 731 | 759
HOR PM Departure 251 | 721 | 685| 653 | 719 | 579 | 719 | 721 | 720 | 7.29
FLW PM Departure 158 | 746 | 555 | 525 | 746 | 7.46 | 746 | 7.46 | 7.46 | 7.46
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FNC PM Departure 512 | 783 | 761 | 762 | 680 | 802 | 664 | 679 | 7.31| 759
PXO PM Departure 204 | 734 | 620 | 589 | 733 | 662 | 733 | 734 | 733 | 737
TER PM Departure 307 | 750 | 667 | 647 | 715| 7.09| 710 | 716 | 732 | 745
LIS NMVOC Departure 577 | 382 | 339 | 361| 271 | 195| 173 | 167 | 173 | 136
OPO NMVOC Departure 388 | 232 | 217 | 238| 228 | 213 | 186 | 162 | 1.75| 1.54
FAO NMVOC Departure 295 | 222 | 210 | 219 | 277 | 208 | 232 | 219 | 244 | 203
SMA NMVOC Departure | 14.32 | 253 | 3.68 | 348 | 284 | 158 | 259 | 164 | 223 | 148
PDL NMVOC Departure 572 | 151 | 148 | 160 | 170 | 195| 131 | 125| 170 | 156
HOR NMVOC Departure 254 | 086 | 084 | 094| 08| 149 | 086 | 085| 086 | 082
FLW NMVOC Departure 284 | 074| 070 | 1.02| 074 | 074 | 074 | 074 | 074 | 0.74
FNC NMVOC Departure 572 | 151 | 148 | 160| 170 | 195| 131 | 125| 170 | 156
PXO NMVOC Departure 269 | 080 | 077 | 098| 080 | 112| 080 | 080 | 080 | 078
TER NMVOC Departure 370 | 1.04| 101 | 119| 110 | 140| 097 | 095| 110 | 1.04
LIS CH4 Departure 064 | 042 | 038 | 040| 030 | 022 019 | 019 | 019 | 0.5
OPO CH4 Departure 043 | 026 | 024 | 026| 025| 024 | 021| 0.18| 019 | 0.17
FAO CH4 Departure 033 | 025| 023| 024| 031| 023| 026| 024 | 027 | 023
SMA CH4 Departure 159 | 028 | 041 | 039 | 032| 018 | 029 | 018 | 025| 0.16
PDL CH4 Departure 064 | 017 | 016 | 0.18| 019 | 022 | 015| 014 | 019 | 017
HOR CH4 Departure 028 | 010 009 | 010| 010| 017 | 0.10| 0.09 | 0.10 | 0.09
FLW CH4 Departure 032 | 008 | 008 | 0.11| 008 | 0.08| 008 | 008 | 008 | 008
FNC CH4 Departure 064 | 017 | 016 | 0.18| 019 | 022 | 015| 014 | 019 | 017
PXO CH4 Departure 030 | 009| 009 | 011 009 | 0.12| 009 | 009 | 009 | 0.09
TER CH4 Departure 041 | 012 011 | 013 | 012 | 016 | 011 | 011 | 012 | 0.12

MAOTDR INSTITUTO DO AMBIENTE

182




Portuguese National Inventory Report Energy

Annex Table 2 — Airport based cruise emission factors (kg/hr)

Airport | Parameter | Region 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
FAO CH4 | 0.29 0.30 0.27 0.26 0.29 0.19 0.28 0.25 0.18 0.13
FAO CH4 N 0.28 0.11 0.11 0.15 0.15 0.14 0.13 0.13 0.12 0.12
FAO CH4 UE 0.26 0.25 0.24 0.25 0.26 0.22 0.23 0.20 0.20 0.20
FAO CO I 7.23 6.97 6.51 5.98 5.94 4.99 5.75 542 5.01 4.10
FAO CO N 11.83 4.70 4.58 4.51 4.51 4.29 4.19 4.15 4.00 3.82
FAO CO UE 6.43 5.97 5.78 5.74 5.54 5.28 5.37 5.01 4.89 4.78
FAO FC | 4 036 3 956 3762 3411 3 661 3454 3529 3385 3491 3073
FAO FC N 2213 1926 1980 2515 2790 2839 2618 2519 2823 2731
FAO FC UE 3082 3051 2980 2 966 2993 2938 2957 2777 2748 2713
FAO NMVOC | 2.63 2.66 2.45 2.36 2.64 1.68 2.54 2.21 1.65 1.21
FAO NMVOC N 2.48 1.02 1.02 1.35 1.39 1.24 1.16 1.13 1.1 1.04
FAO NMVOC UE 2.34 2.28 2.19 2.29 2.34 1.99 2.10 1.83 1.78 1.78
FAO NOx | 53.18 53.61 51.81 48.70 56.28 51.10 53.44 51.35 54.57 | 46.74
FAO NOx N 23.81 21.38 21.82 28.25 33.55 34.96 33.12 32.37 37.01 36.59
FAO NOx UE 35.83 36.37 35.60 36.63 39.03 37.54 38.15 35.74 35.91 36.18
FLW CH4 | 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FLW CH4 N 0.51 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FLW CH4 UE 0.51 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FLW CO I 27.76 3.86 1.59 1.52 1.54 1.58 1.58 1.59 1.65 1.65
FLW CO N 27.76 3.86 3.81 2.65 2.98 3.36 3.32 3.41 3.56 3.57
FLW CcO UE 27.76 3.86 2.28 1.63 1.76 1.99 1.96 2.05 2.27 2.30
FLW FC | 461 403 193 191 194 198 197 199 203 204
FLW FC N 461 403 295 283 324 357 354 362 375 376
FLW FC UE 461 403 209 191 213 235 232 240 260 262
FLW NMVOC | 4.61 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FLW NMVOC N 4.61 0.00 0.16 0.01 0.00 0.00 0.00 0.00 0.00 0.00
FLW NMVOC UE 4.61 0.00 0.08 0.01 0.00 0.00 0.00 0.00 0.00 0.00
FLW NOx I 0.58 3.37 1.81 1.78 1.83 1.85 1.85 1.86 1.90 1.90
FLW NOx N 0.58 3.37 2.39 2.38 2.78 3.03 3.01 3.07 3.17 3.17
FLW NOx UE 0.58 3.37 1.85 1.70 1.97 213 2.10 2.16 2.31 2.33
FNC CH4 | 0.22 0.14 0.14 0.09 0.12 0.15 0.15 0.24 0.45 0.17
FNC CH4 N 0.45 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
FNC CH4 UE 0.28 0.17 0.17 0.14 0.12 0.17 0.14 0.14 0.16 0.19
FNC CO | 6.98 4.61 4.66 3.47 4.07 4.57 4.17 5.04 7.44 5.09
FNC CO N 23.75 3.91 4.01 3.70 3.59 3.91 3.61 3.64 3.71 3.97
FNC CcO UE 11.14 5.12 5.26 4.51 4.08 4.92 4.25 4.30 4.56 5.32
FNC FC | 4194 3752 3397 2252 3082 3719 3 261 3444 | 4158 3693
FNC FC N 1019 784 747 738 770 881 796 793 876 759
FNC FC UE 2610 2594 2 561 2165 1997 2658 2124 2144 2316 2598
FNC NMVOC | 1.96 1.24 1.23 0.82 1.12 1.38 1.33 2.20 4.08 1.56
FNC NMVOC N 4.07 0.13 0.15 0.14 0.14 0.17 0.15 0.15 0.20 0.17
FNC NMVOC UE 2.54 1.49 1.52 1.30 1.12 1.52 1.27 1.29 1.41 1.70
FNC NOx I 60.60 55.84 49.14 3297 | 47.39 58.27 49.63 52.36 66.71 55.00
FNC NOx N 9.38 9.00 8.39 8.38 9.15 10.70 9.34 9.29 10.69 8.33
FNC NOx UE 28.73 31.46 30.52 26.01 25.41 35.29 26.91 26.93 30.32 30.54
HOR CH4 | 0.32 0.10 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02
HOR CH4 N 0.50 0.01 0.01 0.01 0.01 0.05 0.01 0.01 0.01 0.01
HOR CH4 UE 0.33 0.14 0.11 0.10 0.10 0.13 0.10 0.11 0.11 0.08
HOR CO | 13.65 4.62 2.30 2.19 1.96 1.81 2.04 2.1 212 2.15
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HOR CO N 26.56 3.92 4.10 3.58 3.69 249 3.73 3.76 3.76 3.67
HOR CO UE 14.30 4.97 4.48 3.89 3.91 3.91 4.04 4.1 4.14 3.54
HOR FC | 1807 1412 456 468 375 373 406 426 436 1061
HOR FC N 575 472 446 429 451 782 454 452 455 517
HOR FC UE 1745 1881 1458 1376 1379 1634 1442 1454 1481 1399
HOR NMVOC | 2.88 0.87 0.20 0.21 0.13 0.14 0.15 0.17 0.17 0.20
HOR NMVOC N 4.47 0.06 0.11 0.06 0.06 0.46 0.06 0.05 0.06 0.05
HOR NMVOC UE 2.96 1.27 1.00 0.91 0.90 1.13 0.94 0.95 0.97 0.68
HOR NOx | 15.28 12.80 4.17 4.32 3.47 3.47 3.74 3.92 4.01 14.90
HOR NOx N 1.83 4.01 3.75 3.64 3.86 7.22 3.89 3.86 3.88 5.12
HOR NOx UE 14.60 17.19 13.28 12.62 12.63 15.04 13.20 13.30 13.55 15.28
LIS CH4 I 0.36 0.30 0.27 0.24 0.23 0.47 0.50 0.54 0.47 0.43
LIS CH4 N 0.23 0.10 0.12 0.14 0.14 0.14 0.13 0.14 0.12 0.09
LIS CH4 UE 0.28 0.23 0.20 0.19 0.18 0.19 0.17 0.17 0.14 0.12
LIS CcO | 8.01 7.31 6.87 6.20 5.98 7.95 8.23 9.05 7.99 7.43
LIS CO N 8.34 4.37 4.41 4.39 4.41 4.52 4.13 4.18 4.15 3.54
LIS CO UE 6.42 5.72 5.23 5.08 4.95 4.96 4.82 4.74 4.14 3.66
LIS FC | 4 483 4 350 4248 3797 3842 4103 4099 | 4408 | 4283 4019
LIS FC N 2651 2004 2342 2796 2836 | 2766 2686 2681 2801 2607
LIS FC UE 3189 2987 2 860 2790 2787 | 2792 2748 2678 2415 2379
LIS NMVOC I 3.25 2.67 2.41 217 2.07 4.25 4.47 4.86 4.26 3.90
LIS NMVOC N 2.04 0.89 1.06 1.29 1.27 1.30 1.20 1.22 1.10 0.83
LIS NMVOC UE 2.50 2.05 1.76 1.72 1.63 1.68 1.55 1.53 1.30 1.06
LIS NOx | 69.81 66.36 64.97 55.46 55.80 60.22 59.70 65.99 64.19 59.56
LIS NOx N 33.32 24.45 | 29.08 34.43 34.93 33.65 32.72 32.68 36.62 36.12
LIS NOx UE 38.91 34.83 33.20 31.84 32.11 32.68 31.76 31.47 29.49 31.35
OPO CH4 | 0.38 0.25 0.19 0.17 0.19 0.19 0.32 0.28 0.23 0.21
OPO CH4 N 0.20 0.07 0.10 0.12 0.15 0.14 0.12 0.12 0.12 0.09
OPO CH4 UE 0.28 0.20 0.17 0.18 0.19 0.19 0.19 0.15 0.12 0.11
OPO CO | 7.43 6.21 5.42 4.97 5.11 5.35 6.24 6.24 5.64 4.77
OPO CO N 7.55 4.12 4.13 4.12 5.26 4.74 3.89 4.01 3.91 3.47
OPO CO UE 6.17 5.20 4.78 4.83 5.05 5.12 4.97 4.52 3.78 3.54
OPO FC | 3918 3745 3630 3 465 3276 3 546 3471 3437 3511 3042
OPO FC N 2384 1568 2103 2684 2558 2626 2528 2489 2681 2420
OPO FC UE 3011 2735 2 664 2708 2702 2765 2733 2471 2096 2040
OPO NMVOC I 3.46 2.28 1.71 1.55 1.75 1.73 2.92 2.55 2.09 1.87
OPO NMVOC N 1.84 0.64 0.87 1.1 1.34 1.22 1.06 1.1 1.04 0.82
OPO NMVOC UE 2.51 1.81 1.53 1.58 1.70 1.72 1.71 1.34 1.08 0.95
OPO NOx | 56.13 52.83 51.30 49.00 | 4545 | 48.35 48.95 | 46.72 48.73 | 43.54
OPO NOx N 25.97 16.75 23.00 30.71 28.30 28.96 28.56 27.27 31.85 30.43
OPO NOx UE 34.34 29.26 28.32 29.36 28.90 29.58 29.96 25.49 22.16 22.63
PDL CH4 | 0.22 0.14 0.14 0.09 0.12 0.15 0.15 0.24 0.45 0.17
PDL CH4 N 0.45 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
PDL CH4 UE 0.28 0.17 0.17 0.14 0.12 0.17 0.14 0.14 0.16 0.19
PDL CO I 6.98 4.61 4.66 3.47 4.07 4.57 4.17 5.04 7.44 5.09
PDL CO N 23.75 3.91 4.01 3.70 3.59 3.91 3.61 3.64 3.71 3.97
PDL CcO UE 11.14 5.12 5.26 4.51 4.08 4.92 4.25 4.30 4.56 5.32
PDL FC | 4194 3752 3397 2252 3082 3719 3 261 3444 | 4158 3693
PDL FC N 1019 784 747 738 770 881 796 793 876 759
PDL FC UE 2610 2594 2 561 2165 1997 | 2658 2124 2144 2316 2598
PDL NMVOC | 1.96 1.24 1.23 0.82 1.12 1.38 1.33 2.20 4.08 1.56
PDL NMVOC N 4.07 0.13 0.15 0.14 0.14 0.17 0.15 0.15 0.20 0.17
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PDL NMVOC UE 2.54 1.49 1.52 1.30 1.12 1.52 1.27 1.29 1.41 1.70
PDL NOx I 60.60 55.84 49.14 3297 | 47.39 58.27 49.63 52.36 66.71 55.00
PDL NOx N 9.38 9.00 8.39 8.38 9.15 10.70 9.34 9.29 10.69 8.33
PDL NOx UE 28.73 31.46 30.52 26.01 25.41 35.29 26.91 26.93 30.32 30.54
PXO CH4 | 0.42 0.05 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
PXO CH4 N 0.50 0.00 0.01 0.00 0.00 0.03 0.00 0.00 0.00 0.00
PXO CH4 UE 0.42 0.07 0.06 0.05 0.05 0.06 0.05 0.05 0.05 0.04
PXO CO | 20.70 4.24 1.95 1.86 1.75 1.70 1.81 1.85 1.88 1.90
PXO CcO N 27.16 3.89 3.95 3.1 3.34 2.92 3.52 3.58 3.66 3.62
PXO CO UE 21.03 4.42 3.38 2.76 2.83 2.95 3.00 3.08 3.21 2.92
PXO FC I 1134 907 325 329 285 285 302 312 320 632
PXO FC N 518 437 371 356 387 569 404 407 415 447
PXO FC UE 1103 1142 834 783 796 934 837 847 870 830
PXO NMVOC | 3.74 0.43 0.11 0.11 0.07 0.07 0.08 0.08 0.09 0.10
PXO NMVOC N 4.54 0.03 0.13 0.03 0.03 0.23 0.03 0.03 0.03 0.03
PXO NMVOC UE 3.78 0.63 0.54 0.46 0.45 0.56 0.47 0.47 0.49 0.34
PXO NOx | 7.93 8.09 2.99 3.05 2.65 2.66 2.80 2.89 2.95 8.40
PXO NOx N 1.21 3.69 3.07 3.01 3.32 5.13 3.45 3.46 3.53 4.15
PXO NOx UE 7.59 10.28 7.56 7.16 7.30 8.58 7.65 7.73 7.93 8.81
SMA CH4 | 0.60 0.44 0.29 0.28 0.22 0.33 0.35 0.34 0.32 0.24
SMA CH4 N 0.52 0.01 0.02 0.03 0.02 0.01 0.01 0.01 0.01 0.00
SMA CH4 UE 0.75 0.34 0.26 0.29 0.28 0.32 0.27 0.29 0.27 0.17
SMA CO | 1.1 8.63 6.66 6.25 5.31 6.94 7.62 7.03 7.86 7.66
SMA CcO N 26.52 3.94 4.00 3.97 3.83 3.97 3.90 3.91 3.97 3.91
SMA CcO UE 15.97 7.12 6.02 5.79 5.58 5.92 5.59 5.68 5.95 5.55
SMA FC I 5428 4582 4478 4098 3345 3892 4239 3837 | 4341 4134
SMA FC N 821 530 873 928 810 520 557 486 513 446
SMA FC UE 4 062 2888 3 337 3320 3 056 3279 2882 3020 3018 2388
SMA NMVOC | 5.38 3.93 2.61 2.49 2.02 2.99 3.17 3.08 2.92 2.20
SMA NMVOC N 4.64 0.08 0.20 0.23 0.17 0.10 0.13 0.08 0.09 0.04
SMA NMVOC UE 6.72 3.06 2.36 2.60 2.55 2.85 2.39 2.61 240 1.56
SMA NOx | 90.06 75.55 73.94 68.69 54.17 65.90 72.01 66.42 70.84 62.41
SMA NOx N 7.50 5.55 11.23 12.24 10.26 5.51 6.24 4.95 5.39 4.16
SMA NOx UE 67.52 44.56 55.17 57.73 52.33 58.34 50.10 53.69 52.07 38.15
TER CH4 I 0.22 0.14 0.14 0.09 0.12 0.15 0.15 0.24 0.45 0.17
TER CH4 N 0.45 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
TER CH4 UE 0.28 0.17 0.17 0.14 0.12 0.17 0.14 0.14 0.16 0.19
TER CcO | 6.98 4.61 4.66 3.47 4.07 4.57 4.17 5.04 7.44 5.09
TER CcO N 23.75 3.91 4.01 3.70 3.59 3.91 3.61 3.64 3.71 3.97
TER CO UE 11.14 512 5.26 4.51 4.08 4.92 4.25 4.30 4.56 5.32
TER FC | 4194 3752 3397 2252 3082 3719 3 261 3444 | 4158 3693
TER FC N 1019 784 747 738 770 881 796 793 876 759
TER FC UE 2610 2594 2 561 2165 1997 2658 2124 2144 2316 2598
TER NMVOC | 1.96 1.24 1.23 0.82 1.12 1.38 1.33 2.20 4.08 1.56
TER NMVOC N 4.07 0.13 0.15 0.14 0.14 0.17 0.15 0.15 0.20 0.17
TER NMVOC UE 2.54 1.49 1.52 1.30 1.12 1.52 1.27 1.29 1.41 1.70
TER NOx | 60.60 55.84 49.14 32.97 47.39 58.27 49.63 52.36 66.71 55.00
TER NOx N 9.38 9.00 8.39 8.38 9.15 10.70 9.34 9.29 10.69 8.33
TER NOx UE 28.73 31.46 30.52 26.01 25.41 35.29 26.91 26.93 30.32 30.54
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Annex Table 3 — LTO share for domestic (N), EU (UE) and international (I) flights

Energy

A(':’Op(;’ét Distinc. 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

LIS | 157% | 157% | 157% | 157% | 157% | 157% | 161% | 156% | 156% | 16.3% | 16.7% | 16.0% | 159% | 17.0% | 16.2%
LIS N 26.6% | 266% | 266% | 266% | 26.6% | 26.6% | 26.8% | 268% | 264% | 27.4% | 247% | 258% | 254% | 23.8% | 22.6%
LIS UE 576% | 57.6% | 57.6% | 57.6% | 57.6% | 57.6% | 57.2% | 57.6% | 580% | 56.3% | 586% | 58.3% | 58.6% | 59.1% | 61.1%
oPO |1 M7% | 17% | 17% | 117% | 117% | 117% | 137% | 117% | 10.1% 7.0% 6.6% | 89% | 92% | 7.7% 7.9%
OPO | N 265% | 265% | 265% | 265% | 265% | 26.5% | 254% | 266% | 271% | 30.0% | 25.3% | 24.4% | 26.1% | 27.8% | 24.2%
OPO | UE 619% | 619% | 619% | 619% | 619% | 619% | 60.8% | 617% | 62.8% | 631% | 682% | 66.7% | 64.7% | 64.4% | 67.9%
FAO | 3.7% 3.7% 3.7% 3.7% 3.7% 3.7% 3.5% 3.5% 4.1% 3.4% 48% | 40% | 37% | 3.7% 3.6%
FAO N 122% | 122% | 122% | 122% | 122% | 122% | 108% | 13.3% | 123% | 123% | 147% | 145% | 17.2% | 144% | 11.4%
FAO UE 84.1% | 841% | 841% | 841% | 841% | 841% | 857% | 831% | 83.6% | 842% | 804% | 815% | 791% | 81.9% | 85.1%
FNC | 1.7% 1.7% 17% 1.7% 1.7% 17% 1.8% 1.7% 17% 1.6% 14% | 11% | 14% | 1.3% 1.5%
FNC N 66.9% | 66.9% | 66.9% | 66.9% | 66.9% | 66.9% | 658% | 675% | 67.4% | 672% | 675% | 711% | 70.8% | 655% | 59.5%
FNC UE 314% | 314% | 314% | 314% | 314% | 314% | 324% | 308% | 309% | 312% | 311% | 27.7% | 27.8% | 332% | 39.0%
PDL | 6.2% 6.2% 6.2% 6.2% 6.2% 6.2% 5.7% 6.7% 6.0% 5.8% 12% | 55% | 54% | 61% 6.2%
PDL N 926% | 92.6% | 926% | 92.6% | 92.6% | 92.6% | 92.9% | 92.0% | 92.9% | 941% | 981% | 91.0% | 905% | 90.4% | 89.2%
PDL UE 1.3% 1.3% 1.3% 1.3% 1.3% 1.3% 1.4% 1.4% 1.1% 0.1% 07% | 35% | 41% | 35% 4.6%
HOR | I 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% | 03%| 02%| 03% 0.1%
HOR | N 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 99.5% | 99.7% | 99.5% | 99.8%
HOR | UE 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% | 02%| 01%| 02% 0.1%
SMA || 183% | 183% | 183% | 183% | 183% | 183% | 181% | 196% | 171% | 111% | 32.8% | 32.8% | 29.1% | 281% | 16.0%
SMA | N 66.1% | 66.1% | 66.1% | 66.1% | 66.1% | 66.1% | 67.1% | 63.0% | 68.4% | 80.1% | 485% | 48.0% | 551% | 56.9% | 74.2%
SMA | UE 156% |  156% | 156% | 156% | 156% | 156% | 14.8% | 17.4% | 14.5% 88% | 18.7% | 192% | 15.8% | 15.0% 9.8%
PXO | 0.9% 0.9% 0.9% 0.9% 0.9% 0.9% 1.3% 0.8% 0.5% 0.9% 07% | 01% | 01% | 02% 0.1%
PXO N 925% | 925% | 925% | 925% | 925% | 925% | 919% | 91.8% | 941% | 947% | 96.1% | 98.9% | 991% | 98.9% | 99.2%
PXO UE 6.6% 6.6% 6.6% 6.6% 6.6% 6.6% 6.8% 7.4% 5.4% 4.3% 32% | 10% | 08%| 09% 0.7%
FLW | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 05% | 02% | 02%| 02% 0.0%
FLW | N 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 99.5% | 99.8% | 99.7% | 99.8% | 100.0%
FLW | UE 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% | 00%]| 01%]| 0.0% 0.0%
TER | 3.4% 3.4% 3.4% 3.4% 3.4% 3.4% 3.2% 4.0% 3.1% 7.4% 77% | 26% | 20%| 08% 1.0%
TER N 95.8% | 958% | 958% | 958% | 958% | 95.8% | 964% | 954% | 957% | 917% | 912% | 965% | 97.5% | 98.4% | 98.9%
TER UE 0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 0.4% 0.6% 1.2% 0.9% 11% | 09% | 04% | 07% 0.1%
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3.2.D Other Sectors (CRF 1A4)
3.2.D.1 OVERVIEW

The sources covered in this chapter refer to those emissions resulting from combustion in such
activities such as residential, commercial/institutional, agriculture/forestry and fisheries
(excluding bunkers) sources. All emissions resulting from combustion equipments, either
boilers, co-generation equipment, machines and static engines are included in sector 1A4.
However, emissions estimates from fishery bunkers and off-road vehicles in agriculture and
forestry, although included in source category 1A4, are nevertheless discussed in chapter
3.2.A5.

3.2.0.2 METHODOLOGY

Emissions were estimated from fuel/energy consumption using either mass balance (SO, and
CO,) or emission factors, according to the pollutant, and using a IPCC Tier 2 methodology.

For Carbon Dioxide (CO,), total emissions and ultimate emissions contributing to the
greenhouse gas effect, are estimated from:

Ucozsn = 44/12 * EF¢ 5 * Facoxy * Energyconses.n 107

. _ 2
Fossilcozs ) = Ucozssy) ™ Crossiipy * 10

where,

Ucozs,n - Emissions to atmosphere of total carbon dioxide emissions from fuel f in sub-
sector s (ton);

Fossilcozs ) - Emissions of carbon dioxide from fossil origin (non biomass) (ton);

EFc — Carbon content of fuel f expressed in total Carbon Dioxide emissions (kg
CO,/GJ);

Crossil - Percentage of carbon from fossil origin in fuel f (%);
Facox) — Oxidation factor for fuel f (ratio 0..1);

Energyconsun - Consumption of energy (Low Heating Value) from fuel f in sub-sector s
(GJ).

Emissions of other pollutants that were also calculated from energy activity rate use the
following basic formula (Energy Approach):

Emi(p’s) = Zfzt[EF(f’s’t’y’p) * ACtiVity(fysytyp)] * 10-3

where:
Emi, - Total emissions of pollutant p for sub-sector s (ton/yr except CO; in kton/yr);

EFs1p) - Emission Factor for fuel f used in sub-sector s and equipment t in year y (g/GJ
except CO, in kg/GJ);

Activity sy - Energy Consumption of fuel f in sub-sector s and in equipment/technology
t (GJ).
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Emissions of SO, are directly related to the fuel content of the fuel, and were estimated from:

EMisoxs) = 2 * 262t [S (rsty) /100 * Fuelcons(rsy]

where:
Emisoxs) - Total emissions of SOx from sub-sector s (ton/yr);
S (15,4~ Sulphur content of fuel f used in sub-sector s and equipment t in year y (%);

Fuelconsisyy — Fuel consumption for each particular fuel and in each equipment of
technology t (ton/yr).

In the case of emissions of Heavy Metals the following equation was used:

HMp(t.s) = Fuelconsis) * CF (0" EFtm (ry.p) * 10 * (1- AshRet (tsp) 107

and,

HM; sy - Heavy Metal p emission estimated from consumption of fuel f in sub-sector s
(ton/yr);

Fuelcons(r,s) - Consumption of fuel f in sub-sector s (any unit in agreement with CF);
EFum ¢ry.p) - Emission Factor for heavy metal p from fuel f in year y (g/ton);

CF - Factor to convert FuelCons from original units into metric tons. Equals 1 except
to natural gas where it refers to density (ton/original unit);

AshRet (5 ) - Retention of Heavy Metal p in ash from fuel f under burning conditions in
sub-sector s (mass percentage).

3.2.D.3 ACTIVITY DATA

Data on fuel consumption were obtained from the annual energy balances compiled by DGGE
and are presented in the following tables.
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Table 3.157 - Fuels consumption in the residential sector (GJ)

Fuel NAPFUE 1990 1991 1992 1993 1994 1995 1996
Residual Oil L 203 63 530 62 097 55 535 51459 66 691 42 565 43 312
Diesel/Gas Oil L 204 158 214 210819 285 505 205 027 190 282 200 936 132 606
Kerosene L 206 793 373 753 052 626 060 530 505 513 747 355 816 415 879
Motor Gasoline L 208 6185 7785 5900 5649 6 252 9577 13749
LPG L 303 | 22837620 | 24057966 | 25680840 | 27229913 | 27655381 | 27940723 | 30167 625
City Gas L 308 1923 876 1950 110 1984 435 2073 096 1984 456 1929 958 1977 160
Natural Gas G 301 0 0 0 0 0 0 0
Wood B 111 53770921 | 51344184 | 49611501 | 48513399 | 48000716 | 48033473 | 48172943
Charcoal B 112 749 950 738 791 727 632 716 473 705 314 694 155 682 996

Fuel 1997 1998 1999 2000 2001 2002 2003 2004
Residual Oil 40 271 10915 3880 2594 0 0 0 0
Diesel/Gas Oil 91 896 105 979 144 221 90 426 82408 120 300 380 121 666 824
Kerosene 728 302 761 508 705 271 365 327 194 406 147 838 89780 88 601
Motor Gasoline 14 898 14 691 6077 772 93 24 848 36 159 37 346
LPG 29240674 30788636 | 32600574 33436221 | 30740137 | 30729805 29733968 | 29234481
City Gas 1991632 2106 088 2039 388 1212913 156 763 0 0 0
Natural Gas 31980 361 961 1360 508 2883 241 4450 418 5 568 369 6640 771 6 880 762
Wood 48326360 | 47907950 | 47280335| 47071130| 47280335 47280335 48127150 | 48477 991
Charcoal 671837 660 678 649 519 638 360 627 201 616 042 604 883 593 724

Figure 3.81 — Total Energy Consumption in fuels in the residential sector between 1990
and 2004
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Figure 3.82 — Consumption of energy in fuels in the residential sector in 1990 and 2004
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Table 3.158 - Fuels consumed in the commercial, services and institutional sector (GJ)

Fuel NAPFUE 1990 1991 1992 1993 1994 1995 1996
Residual Oil L 203 2376 335 2081213 1985815 2 066 483 3667 114 4271 661 3302636
Diesel/Gas Oil L 204 5636 269 6913 150 8274 873 8440 117 8586 149 7 883 856 8720784
Kerosene L 206 74 874 33376 64 163 73739 24 495 13459 12677
Motor Gasoline L 208 579 235 638 264 617 276 604 690 1035873 1174 153 1418 403
LPG L 303 1166 321 1337 385 1538 519 1847 562 1821 391 1234 531 2494 179
City Gas L 308 504 399 556 773 528 075 643 808 647 871 732 803 785 507
Natural Gas G 301 0 0 0 0 0 0 0
Biogas B 309 0 0 0 0 0 0 0

Fuel 1997 1998 1999 2000 2001 2002 2003 2004
Residual Oil 1387 822 2836712 3438 705 3312313 3447019 3532016 2905 392 3150 365
Diesel/Gas Oil 13097397 | 16708519 | 18339696 | 18379823 | 21943150 | 24179733 | 29752522 | 33040833
Kerosene 25053 27 126 17 190 6 133 7 568 9489 7 340 7 202
Motor Gasoline 2592 133 3 260 397 3216 908 2215997 2852 911 2 485 291 2362703 2 424 946
LPG 3734954 3904 492 4121761 4 297 205 5068 917 4978 362 5147 243 5270 092
City Gas 777 866 908 944 1044 085 732 238 69 195 0 0 0
Natural Gas 14 258 509 290 1438 849 2 330 208 3651585 4653 783 5932 664 5954 088
Biogas 0 0 49 772 101 885 54 356 60473 48 419 100 729
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Figure 3.83 — Total Energy Consumption in fuels in the commercial/services/institutional
sector between 1990 and 2004
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Figure 3.84 — Consumption of energy in fuels in the commercial/services/institutional
sector in 1990 and 2004
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Table 3.159 - Fuels consumed in agriculture and forestry sector (GJ) (excluding mobile

sources)

Fuel NAPFUE [ 1990 1991 1992 1993 1994 1995 1996
Residual Oil L 203 524 287 | 375957 | 286 155 | 343 465| 487 787 427826 512374
Kerosene L 206 350128 | 310857 | 271996 | 207 738 | 200 860 191043 183311
Motor Gasoline L 208 33627 | 35658| 47375| 44906 134673 129562 | 162538
LPG L 303 329646 | 405169 | 478657 | 575533 580437 572079 826427
Natural Gas G 301 0 0 0 0 0 0 0
Biogas B 309 0 0 0 0 0 0 0

Fuel 1997 1998 1999 2000 2001 2002 2003 2004
Residual Oil 548 092 | 475768 | 678844 | 891798 | 802636 | 1210609| 1086402 | 983776
Kerosene 426745| 493714 24152 44370| 47054 50 254 47209 48886
Motor Gasoline 197 454 | 174300 159631 | 42694 | 119459 106749| 116899 | 117 357
LPG 559823 | 713407 | 674208 | 496566 | 672 831 639244 532167 523118
Natural Gas 0 32 158 4423 192700 257274 276779 266 981
Biogas 0 0 0 9294 7773 5939 6344 11122

Figure 3.85 — Total Energy Consumption in fuels in the agriculture and forestry sector
(excluding mobile sources) between 1990 and 2004
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Figure 3.86 — Consumption of energy in fuels in the agriculture and forestry sector
(excluding mobile sources) in 1990 and 2004
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Table 3.160 - Fuels consumed in fisheries (excluding consumption in fishing vessels) (GJ)

Fuel NAPFUE 1990 1991 1992 1993 1994 1995 1996
Residual Oil L 203 4002 5397 7 454 9101 5353 11778 4994
Diesel/Gas Qil L 204 6 346 460 1018 17 1003 16 980 1595
Kerosene L 206 7 0 7 7 0 0 0
Motor Gasoline L 208 1405 0 214 85 277 706 985
LPG L 303 2 845 5789 4074 1498 2146 0 110

Fuel 1997 1998 1999 2000 2001 2002 2003 2004
Residual Oil 8782 6 225 49 567 6 469 18 044 28 112 25325 0
Diesel/Gas Qil 150 903 | 539 112 769712 1000313 | 2114053 | 1553975 1220053 1396 791
Kerosene 0 2 651 74915 10 073 94 47 47 319
Motor Gasoline 727 4038 61 546 278979 286123 280 695 278 521 260 737
LPG 3900 2529 8429 20 796 32627 21126 20 695 91 236

Figure 3.87 — Consumption of energy in fuels in fisheries (excluding consumption in
fishing vessels) in 1990 and 2004
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3.2.D.4 EMISSION FACTORS

The emission factors that were used were collected from international bibliography sources,
namely:

- EMEP/CORINAIR Emission Inventory Guidebook - 3rd edition (EEA,2002);
- 1996 IPCC Revised Guidelines (IPPC,1997);

- US EPAP-42 and EIIP (USEPA,1996; USEPA,1996b; USEPA,1998; USEPA, 1998b;
USEPA, 1998c).

Table 3.161- Emissions factors for the domestic sector: Low Heating Value (LHV)/Net
Calorific Value (NCV) and Greenhouse gases

LHV co, CH: | N0
Fuel NAPFUE 1 ik | kgica Oxdation | = % | g6y | g6
Residual Ol | L | 203 | 4017 | 774 | 0990 100 51 | 0.14
Diesel/Gas Oil | L | 204 | 4331 | 741 | 0990 100 50 | 155
Kerosene L | 208 |4372| 719 | 0990 100 50 | 155
Motor Gasoline | L | 208 | 4477 | 693 | 0.990 100 99 | o6
LPG L | 303 |4728]| 631 | 0995 100 15 | 14
City Gas L | 308 | 1569 | 600 | 0995 100 15 | 14
Natural Gas | G | 301 | 4597 | 561 | 0.995 100 25 | o
Wood B | 111 | 1255 | 1096 | 1.000 0 300 | 43
Charcoal B| 112 | 2510|1096 | 1.000 0 300 | 43

Table 3.162— Emissions factors for the domestic sector: Indirect Precursor gases

Fuel NAPFUE | O [NMVOC] €O
g/GJ g/GJ g/GJ
Residual Oil L 203 160 3 5.1
Diesel/Gas Oil | L 204 577.5 51
Kerosene L 206 55 51
Casoline L] 208 | 4300 | 100 9.9
LPG L 303 65 3 1.5
City Gas L 308 65 3 15
Natural Gas G 301 40 3 25
Wood B 111 67 400 300
Charcoal B 112 67 400 300
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Table 3.163— Emissions factors for the domestic sector: Sulphur content of fuel (%S)

vour | Mor | kerosene | cas o | el [ LPorciy | oo [ v
1990 0.100 0.15 0.300 2.84 0.0016 0 0.0007
1991 0.100 0.15 0.300 2.60 0.0016 0 0.0007
1992 0.100 0.15 0.300 2.60 0.0016 0 0.0007
1993 0.100 0.15 0.300 2.60 0.0016 0 0.0007
1994 0.100 0.15 0.300 2.60 0.0016 0 0.0007
1995 0.100 0.15 0.200 2.60 0.0016 0 0.0007
1996 0.100 0.15 0.050 2.60 0.0016 0 0.0007
1997 0.100 0.15 0.050 2.60 0.0016 0 0.0007
1998 0.100 0.15 0.050 2.60 0.0016 0 0.0007
1999 0.100 0.15 0.050 2.60 0.0016 0 0.0007
2000 0.100 0.15 0.050 2.60 0.0016 0 0.0007
2001 0.015 0.15 0.050 2.60 0.0016 0 0.0007
2002 0.015 0.15 0.035 2.60 0.0016 0 0.0007
2003 0.015 0.15 0.035 1.00 0.0016 0 0.0007
2004 0.015 0.15 0.035 1.00 0.0016 0 0.0007
Table 3.164— Emissions factors for the domestic sector: Particulate Matter
TSP | PMw | PMss | PMuo
Fuel NAPFUE
g/GJ (% TSP)
Residual Oil L 203 53.0 62 23 14
Diesel/Gas Oil L 204 6.5 55 42 37
Kerosene L 206 6.5 55 42 37
Motor Gasoline | L 208 43.0 100 100 100
LPG L 303 2.2 100 100 100
City Gas L 308 2.2 100 100 100
Natural Gas G 301 0.8 100 100 100
Wood B 111 405.1 100 100 100
Charcoal B 112 405.1 100 100 100
Table 3.165— Emissions factors for the domestic sector: Heavy Metals
Pb | Cd | Hg | As | Cr | Cu | Ni | Se | Zn
Fuel NAPFUE
g/ton
Residual Oil L 203 136+00 | 4.0E-04 | 5.1E-01| 1.26:03| 4.0E03| 74E-01| 27E+01| 68E02| 1.9E+00
Diesel/Gas Ol L 204 2.0E-01| 4.0E-02| 17E-02| 6.4E-02] 26E-01| 65E-01| 6.0E-02| 37E-02| 4.3E-01
Kerosene L 206 2.0E-01| 4.0E-02| 1.7E-02| 6.4E-02] 26E-01| 656-01| 6.0E-02| 37E-02| 4.3E-01
Motor Gasoline | L 208 53E+02 | 4.0E-02 | 1.7E-02| 6.4E-02| 26E-01| 6.5E-01| 6.0E-02| 3.7E-02 | 4.3E-01
LPG L 303 0.0E+00 | 1.82-05| 42E-03| 32E-06| 22E-05| 14E05| 34E05| 3.8E07| 46E04
City Gas L 308 0.0E+00 | 18E:05| 42603| 32606 | 22605| 1.4E05| 34E-05| 38E07| 4604
Natural Gas G 301 0.0E+00 | 1.8E-05| 4.2E-03| 3.2E-06| 22E-05| 14E-05| 3.4E-05| 3.8E-07| 4.6E-04
Wood B 111 0.0E+00 | 1.5E-02 | 1.0E-01| 43E-02| 50E-04| 1.0E-01| 6.06-03| 23E-02| 2.0E+00
Charcoal B 112 0.0E+00 | 1.5E-02| 1.0E-01| 43E-02| 50E-04| 1.0E-01| 6.0E-03]| 23E-02| 2.0E+00
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Table 3.166 — Emissions factors: commercial, services, institutional, agriculture, forestry and
fisheries (excluding mobile sources): Low Heating Value (LHV) and Greenhouse Gases

LHV co, CH: | N0

Fuel NAPFUE | Wikg | karea O’;fgﬂf” % C fossil | g/ca | g/ca
Residual O L | 203 | 4017 | 774 | 0990 100 16 | 06
Gas Oil L | 204 | 4331 | 741 | 0990 100 50 | 06
Diesel O L | 205 | 4331 | 741 | 0990 100 06 | 06
Kerosene L | 206 | 4372 | 71.9 | 0990 100 50 | 06
Motor Gasoline | L | 208 | 4477 | 693 | 0990 100 99 | 06
LPG L | 303 | 4728 | 631 | 0995 100 15 | 14
City Gas L | 308 | 1569 | 600 | 0995 100 15 | 14
Natural Gas G | 301 | 4597 | 561 | 0995 100 12 | 14
Biogas B | 309 | 3470 | 520 | 1.000 0 072 | 14

Table 3.167 — Emissions factors: commercial, services, institutional, agriculture, forestry and
fisheries (excluding mobile sources): Indirect Precursor Gases

NO, NMVOC CcO
Fuel NAPFUE
g/GJ
Residual Oil L 203 160 3 20
Gas Oil L 204 580 50.5 20
Diesel Oil L 205 60 1 20
Kerosene L 206 60 51 20
Motor Gasoline | L 208 1300 100 20
LPG L 303 65 3 50
City Gas L 308 65 3 50
Natural Gas G 301 48 10 20
Biogas B 309 65 3 17
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Table 3.168 — Emissions factors: commercial, services, institutional, agriculture, forestry and
fisheries (excluding mobile sources): Sulphur content of fuels

Year Residu_al Diesel_/ Kerosene Motqr _LPG/ Natural Biogas
Fuel Oil Gas Ol Gasoline | city gas Gas
1990 2.84 0.30 0.15 0.100 0.0016 | 0.0007 0
1991 2.60 0.30 0.15 0.100 0.0016 | 0.0007 0
1992 2.60 0.30 0.15 0.100 0.0016 | 0.0007 0
1993 2.60 0.30 0.15 0.100 0.0016 | 0.0007 0
1994 2.60 0.30 0.15 0.100 0.0016 | 0.0007 0
1995 2.60 0.25 0.15 0.100 0.0016 | 0.0007 0
1996 2.60 0.18 0.15 0.100 0.0016 | 0.0007 0
1997 2.60 0.18 0.15 0.100 0.0016 | 0.0007 0
1998 2.60 0.18 0.15 0.100 0.0016 | 0.0007 0
1999 2.60 0.18 0.15 0.100 0.0016 | 0.0007 0
2000 2.60 0.15 0.15 0.100 0.0016 | 0.0007 0
2001 2.60 0.13 0.15 0.015 0.0016 | 0.0007 0
2002 2.60 0.12 0.15 0.015 0.0016 | 0.0007 0
2003 1.00 0.12 0.15 0.015 0.0016 | 0.0007 0
2004 1.00 0.12 0.15 0.015 0.0016 | 0.0007 0

(a) Weighted average of gas oil and diesel oil for heating

Table 3.169 — Emissions factors: commercial, services, institutional, agriculture, forestry and
fisheries (excluding mobile sources): Particulate Matter

TSP [ PMw | PMas | PMuo
Fuel NAPFUE

g/GJ (% TSP)
Residual Fuel Oil L 203 53.0 62 23 14
Diesel/Gas Oil L 204 69.9 78 71 69
Kerosene L 206 69.9 78 71 69
Motor Gasoline L 208 43.0 100 100 100
LPG L 303 25 100 100 100
City Gas L 308 2.5 100 100 100
Natural Gas G 301 0.8 100 100 100
Biogas B 309 0.8 100 100 100

Table 3.170 — Emissions factors: commercial, services, institutional, agriculture, forestry and
fisheries (excluding mobile sources): Heavy Metals

b [ cd [ Hg | Aas | o | cu | i se zn
Fuel NAPFUE
g/ton
Residual Oil L 203 130E+00 | 4.02E-04 | 5.07E:01| 121E03| 4.026-03| 741E-01| 269E+01| 6.84E:02 | 1.90E+00
Diesel/Gas Oil L 204 2.00E-01 | 3.96E-02 | 1.69E-02| 6.38E-02| 2.61E-01| 6.50E-01 | 6.00E-02 | 3.66E-02 | 4.33E-01
Kerosene L 206 2.00E-01 | 3.96E-02 | 1.69E-02| 6.38E-02| 2.61E-01| 6.50E-01 | 6.00E-02 | 3.66E-02 | 4.33E-01
Motor Gasoline L 208 5.26E+02 | 3.96E-02 | 1.69E-02 | 6.38E-02| 2.61E-01| 6.50E-01 | 6.00E-02 | 3.66E-02 | 4.33E-01
LPG L 303 0.00E+00 | 1.76E-05| 4.18E-03 | 320506 | 22405 | 1.36E-05| 336E-05| 3.84E-07| 4.64E-04
Refinery Gas L 308 0.00E+00 | 1.76E-05| 4.18E-03 | 3.20E-06 | 2.24E:05| 1.36E-05| 336E-05| 38407 | 4.64E-04
Natural Gas G 301 0.00E+00 | 1.76E-05 | 4.18E-03 | 3.20E-06 | 2.24E-05| 1.36E-05 | 3.36E-05 | 3.84E-07 |  4.64E-04
Biogas B 309 0.00E+00 | 1.76E-05| 4.18E-03 | 320E-06| 224E-05| 1.36E-05| 3.36E-05| 3.84E-07| 4.64E-04
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3.2.D.5 UNCERTAINTY ASSESSMENT

The uncertainty in activity data was establish from the knowledge of the way that activity data
information was collected in the inventory but nevertheless trying as much as possible to make
an assessment consistent to what is proposed in the GPG. Therefore, for fuel consumption
except biomass, uncertainty was set at 10%. For biomass fuels, considering that the
quantification error is higher, namely due to lack of clarification of the actual moisture content in
which biomass is reported, the uncertainty was assumed to be 60%.

The uncertainty of CO, emission factors was assumed to be 5% for all situations, in coherence
with the other stationary combustion sources. In a similar mode, the uncertainties for methane
and N,O were set respectively at 150% and an order of magnitude.

3.2.E Fugitive Emissions from Fossil Fuels (CRF 1B)
1.1.A.4 FUGITIVE EMISSIONS FROM SOLID FUELS (CRF 1B1)
COAL MINING AND HANDLING

Overview

Coal contains some proportion of methane trapped in its structure that it is usually emitted to
atmosphere during and after extraction of coal from mines to open air. Emissions at extraction
result from ventilation of mine gas which is done for safety reasons at underground mines.
Emissions at open cast mines are usually lower and result from coal mobilization and blasting
operations. Post-mining emissions result from the slower liberation of methane still entrapped in
coal after it is extracted and stored at surface in piles, or from crushing and drying operations
applied to modified and ameliorate coal characteristics. In underground mines, post-mining
emissions may occur in fact during extraction if degasification systems are installed but,
nevertheless, total emissions remain more or less unaffected.

Since 1990 in Portugal there was extraction of coal at only two coal mines, but both were latter
closed down in 1992 and 1994 and did not resume activity since. Both mines - Pejdo and S.
Pedro da Cova - are located in northern region of Portugal. Coal from these mines is classified
as lignite, it has a low energy value and it was used mainly as fuel for one public power energy
plant near Oporto (Tapada do Outeiro power plant). One mine - Pejdo - is an underground mine
and the other is an open cast type.

Emissions of carbon dioxide and sulphur oxides may occur from mining activity when burning of
coal deposits occurs or when flaring is used to control air emissions or recover energy. Because
the occurrence of coal burning on-site or flaring is unknown for both Portuguese mines,
emissions of these pollutants from this source are not included in the inventory.

Emissions of methane from abandoned mines may still continue after mine closure, even if
mines are sealed, as it is recognized in the GPG. Because no methodology is available to
calculate present day flux from abandoned mines - which would require knowledge of all
abandoned mines, not only Pejdo and S. Pedro da Cova - no estimates are included in the
inventory.

Emissions from fuel combustion for coal extraction are included under category 1A1c1, and
discussed in chapter 3.2.A.3.

Methodology

Emission estimates include both emissions occurring during extraction of coal as well as those
resulting from processing.
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A simple tier 1 approach was used to estimate emissions, which is considered a sufficient
approach being present the scarcity of technical information about these mines and because
this emission source is no key source and has small relevance. The following equation is similar
to the methodology proposed in IPCC96 (IPCC,1997):

Emicus = [(EFy™ + EF,®™)* Coaly + (EFs™ + EFs")* Coals] * 0.67 * 10°°

where
Emicps - Methane emissions in year y (ton);

Coaly, Coals - quantity of coal extracted from underground mines and open cast/surface
mines, respectively (ton/yr);

EFy® - emission factor for extraction emissions in underground mining (m3/ton);

EF (" - emission factor for post-extraction emissions in underground mining (m®ton);
EFs® - emission factor for extraction emissions in surface mining (m3/ton);

EFs™* - emission factor for post-extraction emissions in surface mining (m3/ton);

0.67 is the conversion factor, the density of methane at 20°C and at atmospheric
pressure (kg/m®).

Ultimate carbon dioxide emissions, also in ton/yr, are calculated the carbon emitted as
methane:

Emicoz =44/16* EmiCH4

Emission Factors

Although it is known that high rank coals contain usually more methane than lower rank coals
such as lignite, average emission factors from IPCC96 (IPCC,1997) defaults were used for both
mines, which are presented in next table. The same emission factor range was maintained in
GPG (IPCC,2002).

Table 3.171- Emission Factors for coal extraction and processing

Mine Type of Emission Emission Factor Value (m°/ton)
Underground Extracti_op EFU‘e’:t 11.73
Post-mining EF 1.64

Open cast Extraction EFs™ 0.77
Post-mining EF™ 0.07

Activity data

The quantity of extracted coal was always more expressive in underground mining but,
nevertheless has decreased as a whole towards the final closure of both mines in 1994, as may
be seen in next figure. Statistical information is from annual energy reports from General-
Directorate of Geology and Energy (DGGE).
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Figure 3.88 — Quantities of coal extracted from mines in Portugal (1990-2004)
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Uncertainty Assessment

A value of 5% was considered for the uncertainty of coal production (activity data) which is a
conservative factor according to the proposed values by IPCC (2000). Also in accordance with
table 2.14 of the GPG, the uncertainty values for methane emission factors were set at 100%
for underground mines and 200% for surface mines. The uncertainty in CO, emission factors
were set equal to uncertainties of CH, emission factor, considering that CO, emissions are
simply atmospheric conversion of methane emissions.

Recalculations
No recalculations of emissions were made on this source sector.
Further Improvement

Although this activity has stopped in 1994 it is possible that emissions after closure may
continue for some time. Efforts will be done in next submissions to improve estimates of that
origin, although it is probable that they will not affect substantially the inventory during the
commitment period of the Kyoto Protocol.

1.1.A.5 FUGITIVE EMISSIONS FROM OIL PRODUCTION AND REFINING (CRF 1B2A)
Overview

Extraction and production of crude oil did never occur in the Portuguese territory. Therefore,
fugitive emissions comprehend only those resulting from refining, storage and transport of crude
oil, other raw materials, intermediate products and final products - particularly gasoline - from
terminal receiving of crude oil and other petroleum products till delivering to final consumer.
According to available methodologies air emissions considered include:

- Marine Terminals and Ballast water;

- emissions from refinery operations not including emissions from combustion of fuels,
such as : (1) flaring and venting in oil refining; (2) emissions due to storage of raw
materials, intermediate products and final products in the refinery;

- emissions from refinery dispatch station;
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- emissions from the transport and distribution of petroleum products in the Portuguese
Territory, including transport depots and service stations.

TRANSPORT OF CRUDE/ MARINE TERMINALS
Overview

Emissions from this source consist mainly of volatile organic compounds, including methane,
that escape to atmosphere during transport of crude oil to refineries for processing. The three oil
refineries considered in the inventory where all located at a small distance from the sea coast.
Crude oil is received near refineries by sea tankers and transported directly to each refinery by
small connecting pipelines. Most of emissions from crude oil transportation occur at tank
downloading.

Methodology

Emissions of methane and non-methane volatile organic compounds (NMVOC) where
estimated from:

Emission = Crudeinriow * EF * 10

where
Emission - of methane or NMVOC (ton/yr);
Crudenriow - is total crude oil received at each refinery plant for processing (ton/yr);
EF - emission factor for methane or NMVOC (g/ton crude oil).

Emissions of VOC will ultimately be oxidized in atmosphere and contribute to ultimate carbon
dioxide, which estimates are also included in the inventory. Emissions of ultimate carbon
dioxide result from conversion of carbon in NMVOC and CH4:

EmiCOQU =44/12 * (EmiNMVOC *0.85 + EmiCH4 * 12/16)

Emission Factors

Emission factors for NMVOC and CH4 are those reported in next table and where set from
CONCAWE, US-EPA (AP-42) and IPCC96.

Table 3.172 — Emission Factors for marine terminals and crude oil transportation

Emission Factor
Component
(g/ton crude oil)
NMVOC 300
CH, 60 (2500 kg CH4/PJ @)
Ultimate CO, 1100

(a) Norwegian SPCA (1992b) in IPCC (1997)
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Activity data

Quantity of crude oil entered into the Portuguese refining system is available from annual
publications from General-Directorate of Geology and Energy (DGGE), with detailed information
on the crude received at each individual refinery, and have increased unsteadily since 1990, as
may be seen in next figure. Total use of crude in 2004 is 21 per cent higher than the quantity
used in year 1990.

Figure 3.89 — Total consumption of crude oil: 1990-2004
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Uncertainty Assessment

An uncertainty value (3%) similar to that that was considered for fuel consumption data in
industrial LPS was also used for quantification of uncertainty of activity data for this source
sector reflecting the fact that in this case data was also collected directly from refinery plants,
where crude oil is uploaded, and used to build the energy balance of DGGE. The uncertainty of
NMVOC emissions, which in fact corresponds to the uncertainty of CO, emissions, was
considered to be 50%, which is the double (conservative approach) of the value proposed in
chapter 2.7 of GPG for high quality emission factors for most gases. The uncertainty of methane
emission factor was set to 100%, the double of the emission factor for CO,/NMVOC in
accordance with the fact that methane is obtained as a VOC fraction and hence with double
uncertainty.

Recalculations

No modifications were done for emission estimates for this sub-source.
REFINING AND STORAGE

Overview

In 1990 there were three oil refining plants in Portugal, located in Oporto, Lisbon and Sines.
After 1993, the Lisbon unit was closed for all activity and only two units remain now operating.

The refining process converts crude oil - which is a complex mixture of hydrocarbon compounds
with impurities of sulphur, nitrogen, oxygen and heavy metals - into oil products used as fuels,
asphalts, lubricants or feedstock for the organic and inorganic chemical industry. Processes
included in Portuguese refineries include:
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- Separation process: isolation of individual constituents of crude using differences in
boiling-point, using atmospheric and vacuum distillation and recovery of light end gases;

- Conversion process. These may be also classified as: (1) Cracking - Chemical
transformation of separated fractions breaking molecules of heavy molecular height into
smaller ones, including visbreaking; (2) Polymerisation of small molecules combined in
bigger molecules with different characteristics. Alkylation has similar objectives and (3)
chemical transformations that change molecular structure such as Isomerization,
reforming and asphalt blowing;

- Treatment processes. Operations which include hydrodesulfurization, hydrotreating,
chemical sweetening, acid gas removal, deasphaltating and desalting, that are used to
remove impurities, the most important is sulphur;

- Blending of individual fractions and intermediate products to obtain final commercial
products with characteristics as desired.

Emissions of storage of crude oil and other materials, intermediate products and final products
are also included in this source sector as they are fugitive emissions occurring as part of the
refining process. Because emissions from organic liquids in storage occur both from the
evaporative loss of the liquid as well as from changes in the liquid level, the emission sources
vary significantly with tank design. Six basic tank designs are usually used for organic liquid
storage vessels: fixed roof (vertical and horizontal), external floating roof, domed external (or
covered) floating roof, internal floating roof, variable vapor space, and pressure (low and high).

NMVOC and methane emissions may also result from “normal” leaks®” scattered trough the
refinery site in pneumatic devices such as valves, failure of connections, flanges, pump and
compressor shafts, seals and instruments. Release of gases may also follow system failure, that
usually occurs during unplanned events, such as sudden pressure surge from failure of a
pressure regulator, and pressure relief systems that protect the equipment from damage. In
Portuguese refineries, pressure relief systems are usually connected to collection system and
transported to a flare. There may be also NMVOC emissions resulting from non-condensable
fraction at the steam ejectors or vacuum pumps of the Vacuum distillation. Emissions in flares
are discussed in “Venting and Flaring in Oil Industry” below.

Use of some catalytic converters, such as Fluid Catalytic Cracking and Platforming units, are
used to convert heavy oils into lighter products, by action of heat, pressure and catalysts.
Fluidized-bed Catalytic Cracking (FCC) use finely divided catalysts suspended in a riser with hot
vapour from the fresh feed. Catalytic processes result in operations emissions, when the coke
that is deposited in the catalytic bed over time has to be burned in the regenerator equipment.
Emissions from catalyst regeneration are also included in this source category.

Finally sulphur oxide is emitted to the atmosphere when sulphur that is present in the tail gas of
the refining process is not recovered in the Claus units and transformed into elemental sulphur,
either because the normal recovery efficiency is actually not hundredth percent by design, or
because the Claus unit was not at all operating and the sulphur flux had to oxidized to SO, in
the tail gas incinerator before being released to atmosphere

Methodology

Storage and Tanks

Detailed information of individual tanks in Oporto and Sines refinery for years 2002, 2003 and
2004 lead to the establishing of plant specific emission factors for NMVOC looses from crude oil

% Sometimes only these emissions are referred as fugitive emissions from refineries.
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and oil products storage. Annual emissions of NMVOV (ton/yr) for the remaining time series are
estimated using the emission factor (EF in g/ton) and relying in the time series of total
throughput petroleum materials processed (ton/yr) as an indicator of activity38.

Emissionnmvoc = EF(y) * Throughput * 10°

Fugitive Emissions and Catalyst Recovery

Air emissions from these refining operations where estimated from:

Emission () = ActivityRate* EF () * 10

where

Emission (p,r) - annual emissions of pollutant p occurring from refining operation r
(ton/yr);

ActivityRate - is a suitable activity indicator, specific of each pollutant and refining
operation (ton/yr);

EF (p,r)- emission factor for a particular pollutant p and a specific refining operation
(g/ton).

Total crude use was used as activity data to estimate fugitive emissions from leakages,
according to the available emission factors in literature. Concerning Catalyst recovery activity
data is coke burnt during catalyst regeneration.

Sulphur Recovery

Emissions of SO, occurring due to limitations of the sulphur recovery system were estimated
annually according to the following procedure:

Emisox =64/32 * [Slnc + SProd * (100-ClaUSEF|C)/C|aUSEF|C]

where
Emisox — Emissions of sulphur oxides from sulphur recovery in tail gas (ton S/yr);

Sine - sulphur in tail gas that is incinerated to SO, because Claus unit was not
operational (ton S/yr);

Clausgrc — percent efficiency of overall Claus unit (%);
Sprod - total elemental sulphur produced in the Claus unit (ton S/yr).

Ultimate Carbon Dioxide Emissions

All carbon in emitted compounds, such as CO, NMVOC and methane, have fossil origin and
must be included in ultimate emissions inventory. Individual pollutants (ton/yr) are converted
into ultimate CO, (kton/yr) by:

* This methodology precludes that there was no changes in tanks and control equipment of looses from tanks between
1990 and 2002.
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Ucoz = 44/12 * (0.85 * NMVOC + 12/16 * CH, + 12/28 * CO) * 10°

Emission Factors

Storage/ Tanks

For the year 2002, 2003 and 2004, GALP, the single petroleum refinery operator in Portugal,
performed a detailed inventory of NMVOC emissions from tanks in Oporto and Sines refineries
using TANKS 4.0 (USEPA,1990).

The background information that was used to estimate storage and tank emissions is not
available and, therefore, only a short summary is presented here in the National Inventory
Report.

TANKS4.0 program was designed to estimate air emissions from organic liquids in storage
tanks, according to the methodology proposed in “Compilation of Air Pollutant Emission Factors,
Volume [: Stationary Point and Area Sources” (AP-42), Section 7.1, Organic Liquid Storage
Tanks (USEPA,1997).

Determination of emission factors for Oporto and Sines refineries were performed for each tank,
considering the following detailed information:

- Site information: meteorological data such as the daily average ambient temperature,
the annual average minimum and maximum temperatures, the annual average wind
speed, the annual average solar insolation factor, and the atmospheric pressure;

- Liquid characterization: For individual substances the model requires chemical
nomenclature, average liquid temperature, vapour pressure (psia) at liquid surface
temperature, and liquid and vapour molecular weights. For mixtures, the information
may be as detailed as the mixture name, average, minimum and maximum liquid
surface temperatures, bulk temperature, vapour pressure (psia) at liquid surface
temperature, and liquid and vapour molecular weights;

- tank information is slightly different according to tank type, but in general terms
comprehends: shell and roof colour and condition, height, diameter, average and
maximum liquid height, working volume, turnover rate and net output, heating conditions
and pressure and vacuum settings and the existence and type of seals®.

Emissions are determined relying on methodologies that vary according to each tank type. The
possible type of tanks, a very short description of their characteristics and the percentage of
each tank type in existence in 2002 in Oporto and Sines refineries are presented in Figure 3.90.

% This list is intended as presenting an overview. For precise description please consult USEPA (1997) or USEPA
(2000).
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Table 3.173 — Type of tanks classes distinguished in TANKS4.0 model and percentage of tanks
per tank type in Oporto and Sines refineries in 2002 (%).

Tank Type Description Oporto  Sines (a)
External Floating Roof cylindrical steel shell equipped with a roof
Tank that floats on the surface of the stored liquid 19 69
Horizontal Tank above-ground or underground storage with

the axis parallel to the foundation 2 0

Internal  Floating  Roof
Tank

Vertical Fixed Roof Tank

Domed External Floating
Roof.

permanent fixed roof and a floating

deck 10 10
cylindrical shells with permanently affixed

roofs; the tank axis is perpendicular to the

foundation. The fixed roof may be dome-

shaped or coneshaped 69 21
external floating roof tank that

has been retrofit with a domed fixed roof 0 0

(a) Inventory covers only tanks for storage of liquids with Vapor Pressure above 27kPa

TANKS4.0 methodology differentiates the following emissions, according to the cause of

release:

Table 3.174 — Types of looses from tanks for storage of organic compounds and petroleum

products

Tank Loss

Description

Breathing

Expulsion of vapour from a tank through vapour expansion and
contraction, which are the results of changes in temperature and
barometric pressure

Fixed Roof
Working

Combined loss from filling and emptying. Evaporation during filling
operations is a result of an increase in the liquid level in the tank.
As the liquid level increases, the pressure inside the tank exceeds
the relief pressure and vapours are expelled from the tank.
Evaporative loss during emptying occurs when air drawn into the
tank during liquid removal becomes saturated with organic vapour
and expands, thus exceeding the capacity of the vapour space.

Rim Seal

The majority of rim seal vapour losses have been found to be
wind induced.

Withdrawal
Floating Roof

Occur as the liquid level, and thus the floating roof, is lowered.
Some liquid remains on the inner tank wall surface and
evaporates.

Deck Fitting

Deck fittings can be a source of evaporative loss when they
require openings in the deck, such as: access hatches, gauges,
rim vents, deck drains, guide-poles, columns, wells, vacuum
breakers and ladders.

Internal Floating Deck Seam

Seams may not be completely vapor tight if the deck is not welded

The percentages of emission from each type of loss, from both Sines and Oporto refineries, are

presented in Figure 3.90.
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Figure 3.90 — Percentage of NMVOC emissions per type of emission from storage and
tanks of petroleum products in 2002
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Finally the resultant emission factors, obtained dividing total tank emissions by total throughput
“%in each refinery, are presented in next table.

Table 3.175 — Final emission factor for evaporation of NMVOC from storage and tank in

refineries
Emission Factor
Refinery
(g NMVOC/ton throughput)
2002 and before 2003 2004 and beyond
Sines 118 115 115
Oporto”’ 57 41 40
Lisbon 88 @ NA NA

(a) Average value from Sines and Oporto refineries

Fugitive Emissions

The following emission factors (kg/ton) where used to estimate emissions from other processes,
mainly leaks. These emission factors were still established from Corinair90 Emission Factor
Handbook (EMEP/CORINAIR 3" ed).

“ Crude oil input added to input of other materials.

*' The final estimated emission factor for 2003 was still being developed at the time the inventory was finalized.
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Table 3.176 — Emission Factors for fugitive emissions of NMVOC in operation processes in
petroleum refineries

EF
Poll
oflutant] 4 NMvOC/ ton
crude
NMVOV 0.9
CHa4 0.1

Recovery of Catalysts

From information collected from the refinery at Sines (quantities of coke burnt in FCC unit during
2002 and monitoring data for NO,, SO, and particulate matter) plant specific emission factors
were established for this process. For carbon monoxide emission factors from USEPA (1995)
were used, but because original emission in the original reference source are expressed in
volume of fresh feed — and this activity rate it is not available from the refinery — the original
emission factor was corrected, by multiplication by the ratio of the NO, emission factor in both
information sources (monitoring data and USEPA). Carbon dioxide emission factor was set
assuming that coke is 92% carbon. Final emission factors may be verified in Error! Reference
source not found..

Table 3.177 — Emission Factors used to estimate emissions from catalyst regeneration (kg/ton
coke burned)

Emission Factor
Parameter kg/ton coke
SOy 31.9
NO, 3.6
CoO 5.8
Uco, 3373
PM 6.8

This set of emission factors was also applied to coke burning in the platforming unit, also in
Sines refinery, and regeneration of catalysts at Oporto refinery.

Activity data

The activity data to estimate discharge of unburned organic compounds or process emissions is
total crude oil processed and it was already presented in “Transport of Crude” (Figure 3.89).

Total throughput in each refinery was used to estimate NMVOC emissions from storage and
tanks. Total throughput represents not only crude oil entered into the refinery but also other
petroleum products that are imported or moved between refineries. This indicator was
considered the most suitable variable to be multiplied by the national emission factor. Total
throughput for all refineries, according to information delivered by GALP, is presented in Figure
3.91.
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Figure 3.91 — Total throughput entered in Lisbon, Oporto and Sines refineries: 1990-2003
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For FCC, and other processes were there is recovery of catalysts, activity data is total coke
burnt. Annual burning of coke in Sines refinery, both in FCC and in Platforming is available from
PETROGAL up to 2003. Combustion of coke from catalysts in Oporto refinery was only
available for 2001-2002, and was assumed constant over the all 1990-2003 period. Total coke
burning was obtained from the industrial units and it is considered confidential data.

Total sulphur recovered in the refineries was available from the balance of petroleum products
in annual publications from DGGE, from 1990 to 2004. Production of sulphur has been
increasing, particularly after 1996, as could be seen in Figure 3.92, expressing the technology
changes set by the auto-oil program. The efficiencies of Claus units vary from 95 to 98%,
according to each refinery.

Incineration of sulphur is estimated by comparison of sulphur productions with estimated
production and being aware of the expected ratio of sulphur production against crude
processing.

Figure 3.92 — Total sulphur produced in Portuguese refineries recovered in Claus units
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UNCERTAINTY ASSESSMENT

Most of the activity data that was obtained to estimate emissions come directly from the refinery
units or indirectly by the Energy Balance of DGGE (which is based also in information surveyed
from the industrial plants). Therefore a low uncertainty of 3% may be assumed for this sub-
source in a similar mode to other LPS combustion data.

Uncertainty of emission factors for NMVOC* were set as 50%, at the higher range of possible
uncertainties proposed by IPCC (2000), although the fact that some emission factors use plant
specific information. Estimates of methane emissions were assumed to have the double
uncertainty that was determined for CO,.(100%)

RECALCULATIONS
The only improvement in emission estimates that was done since last submission resulted from
the update of the emission factor for NMVOC emissions from both crude oil refinery, considering

the revisions made by GALP on the calculations made using TANKS. No other modifications
were made to this source sector.

FURTHER IMPROVEMENTS

The efforts that the refineries are doing, in order to ameliorate emission estimates of storage in
tanks, fugitive emissions, emissions from catalysts regeneration and from sulphur recovery, are
expected to be reflected in improvements in the inventory methodologies and emission factors
for the coming years.

DISTRIBUTION OF OIL PRODUCTS

Overview

This sub-source sector include emissions of volatile organic compounds resulting from
distribution of refinery products, mainly gasoline:

(1) Terminal Dispatch Stations in Refineries. Emissions of volatile organic compounds
occurring inside refineries during filling of transport equipments - trucks, rail cars - when
dispatching products of the refining unit. Most emissions occur when light products with
high level of volatile compounds are dispatched;

(2) Transport and Depots, occurring in storage tanks outside the refineries and over the
country;

(3) Service Stations, including emissions from tank loading from trucks and when
refuelling consumer cars.

Emissions may result from:

- Leakage. Evaporation of liquid products by flaws and seal leakage, pumps and valve
systems;

- Displacement emissions, due to displacement of air in tanks by the incoming liquid;

- Breathing emissions in tanks;

“2 The uncertainty of NMVOC was considered to be the uncertainty of CO, emission factor.
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- Vapours emitted when filling vehicles in result of displacement of filling air and from
splashing and turbulence during filling;
- Unwanted spillage.

Methodology

Emissions of NMVOC, in tonnes per year, are estimated from the application of emission factors
(EF in g/ton) to total quantities mobilized (Activity Rate in ton/yr):

Emissionsuvoc = EF * ActivityRate * 10°®

The specific activity data/ Indicator to which the emission factor is multiplied differs with
emission source:

Emission Activity Rate Indicator
Terminal Dispatch Station Total Gasoline/Petrol Output from Refinery to
internal market and exportation
Transport and Depots Total Gasoline/Petrol Output from Refinery to
internal market and exportation
Service Stations Total Gasoline/Petrol Output from Refinery to
internal market

Ultimate carbon dioxide emissions, also in ton/yr, are calculated assuming that emitted VOC
have on average 85% of carbon:

Emicoz =085~ EmiNMVOC

Emission Factors

Emission Factors for NMVOC, corresponding to those proposed in the simpler methodology of
EMEP/CORINAIR, which result from CONCAWE studies, are reported in next table.

Table 3.178 — Emission Factors

Sub-source category Emission Factor (g /ton)
Refinery Dispatch Station 310
Transport and Depots 740
Service Stations 2880

Activity data

Activity data, in accordance to what was already defined in the methodology, for the years 1990
to 2002 is from the annual publications from the General-Directorate of Geology and Energy
(DGGE). Values for 2003 are preliminary forecasts. Total gasoline output for internal market
and exportation is presented in the Figure 3.93.
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Figure 3.93 — Gasoline consumption in the internal market and gasoline exportation
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VENTING AND FLARING IN OIL INDUSTRY
Overview

In the three refineries in Portugal flares were used to control and burn non-condensable gases
recovered from leakages and blow down operations, that would otherwise be emitted as volatile
organic compounds. Although smokeless and complete combustion is always an objective,
sometimes the gas influx exceeds flare combustion capacity and partly unburned organic
compounds are emitted: NMVOC, CH,4 and CO.

Methodology

Air emissions in flaring, resulting from combustion of gas collected from leaks and blowdown
system, and were estimated either from the quantity of gas flared or total feed to refinery.

When the quantity of gas flared was used as activity data, emissions are estimated from:

_ -6
Flare(p,y) = EF(p) * LHVGAS(y)* FIareGAs(y)A 0

Where,
Flare(,,) — Emission of pollutant p in year y (ton/yr);
EF ;) — Emission factor for pollutant p (9/GJ);
LHVgas(y) — Low Heating Value of flared gas in year y (MJ/kg);
Flaregas() — Quantity of gas flared in year y (ton/yr).

SO, emission were calculated according to emission factors based on total feed to refinery (US-
EPA, 1995), because the sulphur content of flare gas is not known. The following formula was
used:
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Flaresox = Feediriow * denreep* EF * 10°°

where
Flaresox — total emission of sulphur oxides in flare (ton/yr);

FengnFIow - is total feed throughput received at all refinery plants for processing
(m~/yr);

deneeep — Feed density (ton/m®);
EF - emission factor (g/ton feed).

All carbon emitted in compounds, such as CO, NMVOC and methane, has fossil origin and
must be included in the estimate of ultimate carbon dioxide emissions. Individual pollutants (end
of pipe carbon dioxide, NMVOC, methane and carbon monoxide) are converted into ultimate
CO2 according to:

Ucoz = EndofPipeco, + 44/12 * (0.85 * NMVOC + 12/16 * CH, + 12/28 * CO) * 10°

Emission Factors

Emission factors for all pollutants except SO, where set from US-EPA (1991). Emission factor
for SO, is from (USEPA;1985 in EMEP/CORINAIR 3r ed).

Feed density was assumed as of 0.85 kg/L.

Table 3.179 — Emission Factors for flaring in refineries

Pollutant EF (9/GJ)
SO, (g/m°) 65
NO, 13
CO2 (kg/GJ) 60
COVNM 12
CH, 15
co 70

Activity data

Total flare gas consumed in the three units and Low Heating Value was made available from
PETROGAL and it is presented in Figure 3.94.
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Figure 3.94 — Total consumption of flare gas in Portuguese refineries and Low Heating
Value: (1990-2003)
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Total throughput (feed) entered in refinery units is available from annual energy publications of
(DGGE), and is again presented in Figure 3.95.

Figure 3.95- Total throughput entered in Lisbon, Oporto and Sines refineries (1990-2002)
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Uncertainty Assessment

The uncertainty in activity data was considered to be 5%, the same value that was used for
other statistical information gathered from the Energy Balance as area sources. The uncertainty
in NMVOC/CO, emission factor is 50% and the double of that value for methane emissions.

Recalculations

No recalculations were done for this emission source.
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1.1.A.6 FUGITIVE EMISSIONS FROM NATURAL GAS (CRF 1B2B)
Overview

There is no production of natural gas in Portugal. The use of natural gas in Portugal was
initiated only in 1997 (DGGE). At that time this energy source was received by ship from Algeria
and used mainly in electric power production and in combustion in industry. Since then its use
has became more widespread and its now consumed also in the manufacturing industry,
domestic, service, institutions, commerce, building and construction, agriculture and even a
small quantity in road transport. All the gas is imported and received though shipping transport
from Algeria and Nigeria as Liquefied Natural Gas (LNG). There are also no major processing
operations in Portugal.

Natural gas pipelines may be classified in two different sub-groups:

- Transmission lines. Operating at high pressure, are used to transport natural gas in
bulk over large distances till distribution centres;

- Distribution networks. Comprehend the network of extensive pipelines that convey
natural gas to the end-user. They tend to work on lower pressure and with smaller
diameter lines. There are distribution networks of natural gas distributing for industrial
consumers, services and domestic users.

The gas received from Algeria in ships is re-gasified in a plant in Sines, in southern Portugal.

Methane emissions from natural gas result mostly from leaks of unmodified natural gas, in pipes
or in the plant. Although these losses happen as result of maintenance operations or abnormal
accident situations (pressure surges due to failure of equipment that controls pressure), they
occurs also constantly as result of normal operations of the system in operation valves or in
chronic leaks due to seal failure, flawed valves, small cracks and holes in the lines or reservoirs.

METHODOLOGY

Losses of Natural Gas are estimated equal to the quantity of gas that is lost in transport and
distribution, according to the energy balance of DGGE. Therefore, total emissions are
determined from:

Emighc (y) = Lossesne ()

Where,
Emighg (y) — Emissions of total GHG from natural gas leakage, in year y;

Lossesng (y) — Losses of Natural Gas from the system and reported in the energy
balance, in yeary.

Emissions of methane, direct CO, and ultimate CO,, from transmission of Natural Gas in major
pipelines is estimated from:

EmiCH4 = PipelineLenght * EFCH4
Emicoadirect = PipelineLengnt * EF coadirect
EmiCO2 = Emicps * 44/16 + Emicoodirect

Where,
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Emicps — Emissions of CH4 from losses of natural gas during transmission, t/yr;
Emicoadirect — Direct emissions of CO2 from leakages, t/yr;

Emico, — Total emissions of CO2, including conversion of carbon in methane and other
gases in atmosphere, t/yr;

EFCH4= EFCOZdirect — Emission factors, t/km;
Pipeline enght — Extension of pipeline in year y, km.

A similar procedure is used to estimate emissions in the re-gasification plant, although using
total natural gas processes™® as activity data:

EmiCH4 = |mp0rtNG * EFCH4 /100
Emicozdirect = IMportne * EFcozdirect

EmiCO2 = Emicps *44/16 + Emicoodirect

Where,
EFcha, EFcoodirect — Emission factors, per cent;
Importyg — Import of Natural Gas, t/yr.

Finally emissions during distribution (Emipst)are estimated from total losses (EmiroraL), after
removal of transmission emissions (Emitrans) @and emissions occurring at the re-gasification
plant(Emigas):

Emipist = EmMiroraL - EMitrans-EMicas

EMISSION FACTORS

The emission factors are based on the IPCC Good Practice (IPCC,2000), and are reported in
Table 3.180.

Table 3.180 — Net Calorific VValue and Emission Factor for fugitive emissions from natural gas

Transmission | NGL Plant

. (t/km)” %) *
CH4 2.5 0.05
C0O2 0.016 0.00032

# - IPCC (2000), table 2.16

$ - IPCC (2000), table 2.18, assuming same CO2/CH4 ratio in transmission

“3 Equals imports in Portugal
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The implicit emission factor from emissions from distribution was calculated in the end. It
corresponds to the annual loss of about 1.1 per cent of the natural gas consumed in the
distributive systems.

ACTIVITY DATA
According to the above explained methodology, activity data comprehends:

- extension of pipelines for transmission. Total extension of pipelines in kilometres was
estimated from the date at which each major pipeline start operation, and its extension.
These data was received via DGGE from TRANSGAS;

- importation of natural gas, obtained from the DGGE’s Energy Balances;

- Consumption of Natural Gas. Distribution emissions were assumed to result only from
small and medium size units. Therefore, total consumpOtion was subtracted from
consumption in sectors characterized for high consumptions per unit: Paper pulp;
Chemical Industry; Ceramics; Cement; Glass and related products and Iron and Steel.

All tree variables used as activity data are represented in the next figure.

Figure 3.96 — Activity data used to estimate GHG emissions from Natural gas
transmission, distribution and transformation (1990-2004)
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UNCERTAINTY ANALYSIS

The uncertainty in activity data was considered to be 5%, the value that was used for other
statistical information gathered from the Energy Balance as area sources. The uncertainty in
CH,4 emission factor, considering a low quality inventory, was assumed to be 150%, and the
same value was considered for CO, emissions which were determined simply from simple
conversion of emissions in methane form.
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RECALCULATIONS

Emission are now estimated based on data of system losses, and using known emission factors
to make a separation by transmission, gasification plant and distribution. Until now emissions
were estimated using a simple methodology and a crude and insufficiently documented
emission factor.

1.1.A.7 OTHER FUGITIVE EMISSIONS (GEOTHERMAL ELECTRICITY PRODUCTION) (CRF
1B2D)

OVERVIEW

A small amount of electricity is produced from two geothermic sources in Azores archipelago:
Pico Vermelho and Ribeira Grande Plants, and they cause the release of carbon dioxide.

The available categories do not consider a specific place to report CO, emissions from
geothermal electricity production. Emissions from these activity are clearly related to sector 1
(Energy) and must be better considered as fugitive emissions. Nevertheless, for fugitive
emissions the nomenclature allows only the classes Solid Fuels (1B1) and Oil and Natural Gas
(1B2), which are not exactly suitable for this activity. Sector 7 (Other) could be used in principle,
but would imply that emissions from this category would be no longer included in the energy
sector.

Emissions of fugitive emissions from geothermal electricity production are therefore reported in
category 1B2d (Other fugitive emissions from oil and natural gas).

METHODOLOGY

Since 1994, in Azores, the Regional Authority of Economy (Secretaria Regional da Economia.
Direc¢ao Regional do Comércio, Industria e Energia) performs own estimates of carbon dioxide
to atmosphere from geothermic units and these were considered in the National Inventory. For
the years prior to 1994, when the only available activity data for geothermic electricity
production is from General-Directorate of Geology and Energy (DGGE), emission factors
estimated for the post-1994 time series were used.

EMISSION FACTORS

Measurements of carbon dioxide emissions are available from one plant (Pico Vermelho) after
1994. These results were used to establish an emission factor that was later used to estimate
emissions for Pico Vermelho before 1994: 500 ton CO,/GWh. Although this figure was not used
in emission estimates for the other power plant the emission factor varied from 1994 to 1999
from 737 to 782 ton CO,/GWh. These emission factors were set from available information from
Azores Autonomous Region.

ACTIVITY DATA

Activity data consists of the quantity of carbon dioxide quantified or the production of
geothermal electric energy, according to years.

RECALCULATIONS
No other changes occurred in methodology, the origin of the activity data and emission factors.
FURTHER IMPROVEMENTS

Under the Methodology Development Plan efforts are being done together with the regional
government of Azores islands, to improve the knowledge of this activity and resulting emissions.

MAOTDR INSTITUTO DO AMBIENTE
218



Portuguese National Inventory Report

3.3 Recalculations

Energy

Changes in sectoral overall GHG emissions, expressed in CO, equivalent, since last
submission, were not very significant in the energy sector, as may be seen in Figure 3.97 for
base year (1990) and 2003, although substantial increment has occurred in what concerns the
emission estimates of methane and nitrous oxide. The dominant change in emission estimates
of methane have occurred in the category “Fugitive Emissions from Fuels”, and mostly in
relation to the change in methodology in fugitive emissions from natural gas transport and

delivery.

Figure 3.97 — Differences between submissions 2005 and 2006 (CO,, CH4 and N,O)
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Figure 3.98 — Differences between submissions 2005 and 2006 (CO, equivalent)
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Table 3.181 — Recalculations (differences between submissions 2005 and 2006)

GREENHOUSE GAS SOURCE AND SINK CATEGORIES co2 CHa N20

2005 subm. [2006 subm. |Difference| 2005 2006 |Difference| 2005 2006 |Difference

(1) subm. | subm. (1) subm. [ subm. (1)
CO2 eq (Gg) (%) CO2 eq (Gg) (%) CO2 eq (Gg) (%)

1990
1. Energy 39 344 39 087 -0.65 547.08 564.48 3.18 509.78 517.28 1.47
1.A. Fuel Combustion Activities 39218 38 963 -0.65| 445.87| 463.27 3.90] 509.78| 517.28 1.47|
1.A.1.  |Energy Industries 15 944 15 944 0.00 4.33 4.33 0.00 61.04 61.04 0.00
1.A.2. |Manufacturing Industries and Construction 9103 9158 0.60 35.33 38.03 7.65 67.25 67.25 0.00|
1.A3. |Transport 10 137 9828 -3.05 57.76 72.46 25.45 144.56 152.06 5.19
1.A.4. |Other Sectors 4025 4025 0.00] 348.30] 348.30 0.00] 236.92| 236.92 0.00
1.A.5. |Other 8 8 0.00 0.15 0.15 0.00 0.02 0.02 0.00
1.B. Fugitive Emissions from Fuels 126 124 -1.85 101.21 101.21 0.00 0.00 NE,NO|
1.B.1.  |Solid fuel 9 9 0.00 66.02 66.02 0.00 0.00 NO
1.B.2. |QOil and Natural Gas 118 115 -1.99 35.19 35.19 0.00 0.00 NE,NO
2003
1. Energy 57 664 57 947 0.49 710.88] 1127.34 58.58 895.50 937.21 4.66
1.A. Fuel Combustion Activities 56 909 57 109 0.35| 424.46] 439.55 3.56] 895.50| 937.21 4.66
1.A.1.  |Energy Industries 20 009 20 330 1.60 5.56 5.80 4.39 95.93 97.49 1.62]
1.A.2. |Manufacturing Industries and Construction 10722 10 736 0.13 51.81 55.24 6.61 92.98 91.18 -1.94
1.A.3. |Transport 19 583 19 473 -0.56 52.81 64.25 21.65] 530.54| 572.70 7.95)
1.A.4. |Other Sectors 6 595 6570 -0.38] 314.27| 314.26 0.00] 176.05| 175.85 -0.11
1.A.5. |Other 0 NO 0.00 NO 0.00 NO
1B. Fugitive Emissions from Fuels 754 838 11.04| 286.42] 687.79 140.13 0.00 NENO
1.B.1.  |Solid fuel 0 IE,NO| 0.00 IE,NO 0.00 NO
1.B.2. |Oil and Natural Gas 754 838 11.04| 286.42| 687.79 140.13 0.00 NE,NO

(1) Estimate the percentage change due to recalculation with respect to the previous submission (Percentage change =
100% x [(LS-PS)/PS], where LS = Latest submission and PS = Previous submission.
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Cross-cutting issues
The major modifications in the inventory, in what concerns, the energy sector, were:

- substantial improvements were made in the methodologies and activity data used to
make estimates of emissions from air traffic and maritime movements. Detailed
information from the air traffic authority (INAC) and port authorities, have resulted in
very detailed databases. Emissions of traffic movements are now estimated year by
year by origin-destiny and aircraft type. Emissions from maritime transportation are
estimated for each individual movement arriving or departing from Portuguese ports.
These modifications have resulted in substantial improvements toward the goal of
making a national/international differentiation of emissions in accordance with the rules
set by the Good Practice Guidebook;

- First time estimate of emissions of road traffic due to the consumption of natural gas in
vehicles;

- revision of parameters in the road traffic model, including kilometres driven per vehicle,
per vehicle type, and the abbattment curve of old vehicles. These changes have cause
mostly alterations in emission estimates for other non CO2 GHG, ozone precursors,
acidifying substances, particulate precursors and particulate matter;

- Emissions of methane from leakages in the storage and distribution system have
improved substantially, using information of the length of the distribution network and
losses of gas in the system;

3.4 Further Improvements

Because the energy sector is the most prevalent emission source, special efforts must always
be made to improve emission estimates, even if they affect smaller energy sub-sectors. Future
improvements to the inventory will depend on the conclusions of the Methodological
Development Plan for the implementation of the National System, which is being made with
direct contact with the main intervenients of the energy sector, and in close collaboration of the
inventory team from IA. Although the main conclusions from this report are still not set in a final
report and plan, the following preliminary routes may be here identified.

- Better integration between activity data in the air emissions inventory and other
surveys such as LCP directive, Autocontrolo program, EPER, the Carbon Market and
the energy surveys (co-generation) made annually by DGGE. Contacts are being made
to implement it;

- Determination of country-specific emission factors (SOx, NOx and PM) from
monitoring data collected from the Autocontrolo program and CO, emission factors for
information collected under carbon market;

Some particular issues still need a more detailed improvement in the road transportation sector:

- consideration of annual distance driven per vehicle using information from the
Inspection centres;

- incorporation of traffic monitoring data recorded in rural roads to estimate traffic
emissions under rural driving mode and to improve specialisation of emissions;

- update of meteorological data for each specific emission year;
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- incorporation of factors in emission factors calculation such as vehicle aging and
maintenance;

- incorporation of regional and local emission estimates.

Although it is considered that the changes made in the aviation and maritime sectors have
improved the inventory substantially, additional efforts must be done to maintain the
improvement in the database and methodologies, namely in what concerns:

- using specific durations for idle, taxi, take-off, for the individual airports considered and
being aware of airplane age;

- use of more detailed determination of emissions resulting from small airplanes, private
jets and helicopters;

- better knowledge of ships and emissions. Information is already being collected to
achieve that goal;

- water-borne navigation emissions are still not disaggregated in adequate categories to
answer the LRTAP convention and the UE’s ceilings directive, and efforts are being
made to separate emissions realized in the EMEP area from international sea traffic

3.5 Reference Approach
3.5.A Overview

The reference approach consists in the estimate of CO, emissions using the simple approach
tier 1 of IPCC (1997). Although the Portuguese National Inventory uses an sectoral approach
(National Approach) of higher tier level, nevertheless the UNFCCC reporting guidelines request
that parties make also a top-down “reference approach”44 for estimation of CO2 emissions from
fossil fuel combustion, in addition to the bottom-up sectoral methodology.

The Reference approach uses a very simple methodology, assuming that all carbon input to the
national economy in fuel form, it is either stored in some way (fuel stocks, products or even left
unoxidized in ash) or it must be released to the atmosphere. In order to calculate the carbon
released it is not necessary to know exactly how and where the fuel was used or what
intermediate transformations it underwent. In this respect the methodology may be termed a
“top-down” approach compared with the “bottom-up” methods used for other gases.
(IPCC,1997)

The Reference Approach requires simple statistics for production of fuels and their external
trade as well as changes in their stocks. It also needs a limited number of values for the
consumption of fossil products used for non-energy purposes, where carbon may be stored.

3.5.B Methodology
The following methodological steps were made in accordance with IPCC (1997):
1 Estimate consumption of fuels by fuel/product type;

2 Convert the fuel data to a common energy unit (TJ), if necessary;

* This does not mean that a “bottom-up” approach should not be followed for estimating CO, emissions but the total
emissions must be compared with those obtained from the Reference Approach.
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3 Select carbon emission factors for each fuel/product type and estimate the total
carbon content of the fuels;
4 Estimate the amount of carbon stored in products for long periods of time;
5 Account for carbon not oxidized during combustion;
6 Convert emissions of carbon to full molecular weight of CO, .
3.5.B.1 FUEL CONSUMPTION

Apparent consumption was estimated from the National Energy Balances produced by the
General Directorate of Energy and Geology (DGGE) according to:

Apparent Consumption = Production + Imports - Exports- Stock Change.

for primary fuels and,

Apparent Consumption = Imports - Exports- Bunkers - Stock Change.

for secondary fuels.

National production is not considered because the carbon in these fuels was already included in
the supply of primary fuels from which they were derived.

3.5.B.2 ENERGY CONSUMPTION

The Portuguese National Balance reports consumption in energy units (toe*’), apparent
consumption needs only to be converted to TJ using the multiplier 41.868 GJ/toe.

3.5.B.3 CARBON CONTENT OF FUELS

Carbon content in apparent consumption is estimated in reference approach from:

Apparent Consumptiongg c) = Apparent Consumption () * Carbon Content mgc /14y * 10

The carbon content of fuels was determined using the Carbon Emission Factors used in the
sectoral approach, which are presented in Table 3.182.

“ Ton of oil equivalent
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Table 3.182 — Carbon content of fuels and Oxidation Factor used in the Reference Approach

C
Fuel content | T aCox
(t C/TI) 0.1
Primary Crgde Qil 20.0 0.99
Fuels Orimulsion o 22.0 0.99
Natural Gas Liquids 17.2
Gasoline 19.4 0.99
Jet Kerosene 19.9 0.99
Other Kerosene 20.0 0.99
Gas / Diesel Oill 19.9 0.99
Liquid Residual Fuel Oil 20.7 0.99
Fossil s LPG 17.7 0.99
econdary
Fuels Naphtha 20.0 0.99
Bitumen 22.0 0.99
Lubricants 20.0 0.99
Petroleum Coke 27.5 0.99
Refiner
Feedstgcks 20.0 0.99
Other Ol 20.0 0.99
Anthracite (a) 26.8 0.98
Coking Coal 25.8 0.98
. Other Bit. Coal 251 0.98
iman | sub-bit. Coal 22| 098
. uels T
Solid Lignite 27.3 0.98
Fossil Oil Shale 29.1 0.99
Peat 28.9 0.99
S BKB & Patent Fuel 27.0 0.98
econdary Coke Oven/Gas
Fuels c 29.5 0.98
oke
Gaseous Fossil Natural Gas (Dry) 15.3 1.00
Solid Biomass 29.9 1.00
Biomass Liquid Biomass 20.0 1.00
Gas Biomass 30.6 1.00

3.5.B.4 CARBON STORED IN PRODUCTS

For the IPCC Reference Approach, the suggested formula for estimating carbon stored in
products for each country is:

Total Carbon Stored (Mg C) = Non-Energy Use (toe)
x Conversion Factor (TJ/toe)
x Emission Factor (t C/TJ)

x Fraction Carbon Stored

Presently the following products are taken from the National Energy Balance: lubricants,
bitumen, and naphtha and residual fuel oils used as raw materials. Original statistical
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information was already expressed in toe. Emission factors and the fraction of carbon stored is

reported in Table 3.183.

Table 3.183 — Reference Approach. Carbon Emission Factor and Fraction of carbon stored

C content FacOX
Fuel
(t CITI) 0.1
Naphtha 20 0.8
Lubricants 20 0.5
Bitumen 22 1
Fuel Oil 21.1 0.8

3.5.C Actual Carbon Dioxide Emissions

Estimated simply from:

CO2 Emission = 44/12 * (Carbon Content — Carbon Stored) * Oxidation Factor

3.5.D Results. Comparison of Reference Approach and Sectoral Approach

Detailed data used in the reference approach calculation is reported in CRF tables and is not
duplicated in NIR. The emissions estimated according to reference approach and national
approach show differences in both energy consumption and carbon emissions, and are
presented in Figure 3.99. They are mostly explained from differences in the Energy Balance
and the energy activity data used by the inventory — where data collected directly from emission
units (Large Point Sources) play a very representative role — and a different approach to
account for emissions from carbon stored in products.

Figure 3.99 — Comparison of Energy Consumption and CO, emissions between the
National approach and the Reference Approach
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Emissions of greenhouse gas emissions from feedstock use are only clearly accounted in the

inventory in the following situations:

- emission of CO; resulting from use of feedstock sub-products as energy sources. That
is the case of emissions from consumption of fuel gas in refinery and petrochemical

industry;

- emission of CO, liberated as sub-product in production processes such as ammonia

production;
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- emission of NMVOC from fossil fuel origin, and occurring from solvent use and
evaporation. Although in this case it is not possible to establish which part results from
feedstock consumption in Portugal in the energy balance;

However, some potential emissions are not estimated or are only partly estimated. Those that
are estimated in the reference approach but not in sectoral approach are:

- emissions from mineral oil use as lubricants;
- emissions from wear of bitumen in roads.

It is evident that more efforts should be made to estimate other emissions from feedstock use,
although it is expected that reporting guidelines should give more clear guidance in the future.
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CHAPTER: 4 : INDUSTRIAL PROCESSES (CRF 2)

4.1 Overview

In this source sector are included the GHG emissions resulting from the chemical and physical
transformation of raw materials in the industrial transformation processes excluding emissions
that result from combustion for energy production. According to UNFCCC reporting guidelines,
also are included in this sector the emissions of fluorinated compounds (HFC, PFC and SFg)
that are used in different applications - not solely industrial, but also in domestic and services
sector - as substitutes to ozone depleting substances (ODS). Emissions occurring in production
processes in industry but involving the use of solvents or solvent bearing substances (such as
paint) are included in source sector “Use of solvent and other uses — CRF 3” and discussed in
chapter “Solvent Use”.

Industrial processes, either involving combustion®® or not, result also in the release of other
atmospheric pollutants like acidifying gases and indirect GHG: NO,, NMVOC and SO,. Industrial
processes are relevant sources of particulate matter (PM, PM10, PM, 5 and PM,) and local air
pollutants such CO and Heavy Metals. The methodologies and emission factors that are used in
the Portuguese air emission inventory for the estimate of emission from these sources are also
discussed in this report as complementary information.

In terms of total GHG, emissions from the industrial production sector have increased from
about 4.6 Mton CO,e in 1990 to 7.1 Mton CO.e in 2004, as may be seen from Figure 4.1, i.e.
emissions estimated for 2004 are about 54 per cent higher than the emissions estimated for
base year (1990). The majority of emissions, expressed in CO, equivalent (GWP), are
associated with mineral industry, with 73.2 per cent of total emissions from this sector in 1990,
and 59.4 per cent of total emissions from this sector in 2004, as may be seen in Figure 4.2. In
second place of importance are the emissions from the chemical industry, which have increased
from 26.1 per cent of emissions from this sector in 1990 toward 34.8 per cent of emissions in
2004. The remaining sub-source sectors (2C, 2D and 2F47) have a lower importance in the
beginning years, but they became more relevant toward the end of the period, when they
amount to 5.8 per cent of emissions. This increase occurs mostly because of sub-category 2F,
consumption of Halocarbons and SF6, which represented in 2004 about 5.3 per cent of total
GHG emissions from this source sector.

“¢ Emissions of combustion are considered in this sector if they are considered a production process and not as a way
to obtain energy, even if the energy is used directly in the production process such as in a furnace. Emissions from
combustion processes in industry with the sole aim of obtaining energy (boilers, furnaces, engines) are included in
Energy sector.

*" No emissions were allocated to sub-category 2G — Other. Emissions for category 2 F - Production of Halocarbons and
SF6,did not occur in Portugal.
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Figure 4.1 — Total GHG emissions from Industrial Processes per source sub-sector
(1990-2004)
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Figure 4.2 — Emissions of Industrial processes by sub-source sector in Portugal in year
1990 and 2003
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The great major part of green-house gas emissions are realized directly as CO,; while N,O
represents a smaller proportion of emissions and methane emissions are a non relevant part, as
may be seen in Figure 4.3 for year 2004.
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Figure 4.3 - GHG emissions from Industrial Processes per green-house gas in 2004
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4.2 Recalculations

The changes made in emission estimates of CO,, CH, and N,O for the industrial sector, were
very small, as may be seen below for base year and 2003, and restricted to CO..

Figure 4.4 - Differences between submissions 2005 and 2006 for CO,, CH; and N,O
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Figure 4.5 - Differences between submissions 2005 and 2006 for CO, equivalent
emissions
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Table 4.1 - Recalculations (differences between submissions 2005 and 2006)

GREENHOUSE GAS SOURCE| Cc0o2 CH4 N20

AND SINK CATEGORIES 2005 2006 |Difference| 2005 2006 |Difference| 2005 2006 |Difference
subm. | subm. (1) subm. | subm. (1) subm. | subm. (1)

CO2 eq (Gg) (%) CO2 eq (Gg) (%) CO2 eq (Gg) (%)

1990

2. Industrial Processes 4038 4049 0.27 9.08 9.08 0.00| 566.68| 566.68 0.00

2.A. Mineral Products 3375 3384 0.27 0.76 0.76 0.00 0.00 0.00 0.00

2.B. Chemical Industry 633 634 0.24 8.32 8.32 0.00| 566.68] 566.68 0.00

2.C. Metal Production 29 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2.D. Other Production 0 0 0.00 0.00 0.00

2.G. Other 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2003

2. Industrial Processes 5962 5985 0.39 12.61 12.61 0.00| 597.21| 597.21 0.00

2.A. Mineral Products 4198 4219 0.49 1.74 1.74 0.00 0.00 0.00 0.00

2.B. Chemical Industry 1736 1739 0.16 10.88 10.88 0.00f 597.21 597.21 0.00

2.C. Metal Production 26 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2.D. Other Production 0 0 0.00 0.00 0.00

2.G. Other 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

(1) Estimate the percentage change due to recalculation with respect to the previous submission (Percentage change =
100% x [(LS-PS)/PS], where LS = Latest submission and PS = Previous submission.

4.3 Category Sources

4.3.A Mineral Industry (CRF 2A)
4.3.A.1 CEMENT PRODUCTION (CRF 2A1)

OVERVIEW

During the 1990-2003 period there were six cement production plants operating in Portugal,
mostly dedicated to Portland cement production*® and almost all localized in the southern half of
the country. Five of these clinker producing units use the dry process while the remaining one
uses both the dry and the semi-wet process - although the dry process is prevalent in that unit
too. All dry process units have short kilns with pre-heaters, and 5 kilns in four units are provided
with pre-calciners®®. The importance of clinker production for each one of the six plants is
presented in Table 4.2, from where it is evident that production of clinker and CO,
decarbonising emissions are dominated by three plant units.

Table 4.2 - Main Characteristics of Cement Production Plants in Portugal

Average % of total

Unit Nut Il Clinker Production
1990-2003
Souzelas RC122 25.9
Maceira RC123 12.4
Pataias RC123 4.6
Alhamdra RC132 25.6
Outéao RC133 23.7
Loulé RC150 7.8

*® There is also some production of white Portland cement, which is characterized by a lower iron and manganese
constant, than grey cement, and it is used mainly for decorative purposes (EPA,1995). There are also in Portugal
smaller additional cement plants in Portugal but that do not produce clinker.

“9 One calciner is a false pre-calciner.
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Portland cement is broadly a mixture of clinker and gypsum with some minor additives. Cement
production is in essence a pyro-processing operation on calcium carbonate, aluminium-siliceous
and iron-oxide materials to form a mixture of calcium silicates, aluminates and alumino-ferrites
that forms a binder with water.

Carbon dioxide emissions from cement production process result from the conversion of CaCO;
and MgCO;, the main constituents of limestone, to lime (CaO) and MgO, while leaving CO, as
by product to atmosphere (Decarbonisation). Sulphur oxides emissions result from sulphur
existence both in fuel and in some constituent materials such as clay. However contrary to what
occurs with CO,, usually most of the SO, that is formed during calcination will be absorbed and
long term immobilized in clinker and then in cement.

Only emissions of CO, from limestone decarbonising are reported here. Emissions of other
pollutants, although they may result from both fuel and raw material, are reported in Energy
(CRF 1A2) for simplicity sake. CO, emissions from liberation of carbon in fuel during
combustion are reported also in Energy sector 1A2. However, although emissions are estimated
separately from carbon originally present in fuel and carbon present in raw materials, they are in
fact emitted at same place and are inseparable in concept.

METHODOLOGY

Emissions of carbon dioxide resulting from carbon in raw materials are determined according to
equation 3.1 of GPG, which is basically a mass balance:

EMicoz ) = EFciinker * Prodeuinker ) * CKD * 10

where

Emicosz (y) - emissions of CO2 from cement production, originated from carbon in mineral
constituent materials (kton/yr);

EFcjinker - €mission factor (kg/ton clinker);
Prodciinker (y) - Total production of clinker (ton/yr);

CKD - Cement Kiln Dust correction factor, accounting for the fact that some part of
calcinated raw materials and clinker collected at stack air emission control equipment
can not be returned to process and is not included in clinker. But because this material
includes calcinated constituents, it must be included in the mass balance accounts
correcting activity data (clinker production).

EMISSION FACTORS

The CO, emission factor was estimated according to the following formula, equivalent to the
GPG equation 3.3:

EFCIinker =44.01/56.08 * RatiOCao

where Ratioc,o is the Calcium oxide (lime) content of clinker (kg CaO/ kg clinker). The default
IPCC CaO fraction in clinker was considered in the inventory (64.6%). Final emission factor is
therefore 0.507 ton CO,/ ton clinker.
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ACTIVITY DATA

Clinker production, for all the years from 1990 to 2003, was received directly from each
industrial plant, and the correspondent time series may be observed in next figure. The value for
2004 is still a provisional figure.

Figure 4.6 — Total Production of clinker in Portugal (1990-2004)

Clinker Production (Mton/yr)
N
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The CKD correction factor to clinker production was not considered, in accordance to
information received from industry experts that consider that in all production lines in
portuguese cement plants, dust is fully returned back to the process and incorporated in final
product.

UNCERTAINTY ASSESSMENT

The uncertainty value of the emission factor was determined to be 10 % for all years which
results from the consideration of uncertainty error in the assumption that all CaO is from CaCQOs;,
CaO content of clinker and CKD parameter. In all cases the maximum values of uncertainty in
the GP (IPCC,2000) was considered using a conservative approach. In a similar conservative
mode the uncertainty associated with activity data was set at 2%.

RECALCULATIONS

No changes occurred for this sector apart from update of the clinker production value for 2002
with more accurate data received this year from the industrial plants. No modifications were
done in what concerns methodology and emission factors.

FURTHER IMPROVEMENTS

In accordance to the methodology proposed in the European Commission Decision 29/01/2004
(Annex VII) the formula for calculation of decarbonising emissions should be changed to:

EFciinker = 0.785 * Ratioc,o + 1.092 * Ratioymgo
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The emission factors would therefore change from 0.507 ton COZ2/ton clinker to 0.525 ton
CO2/ton clinker, resulting in an increase of emissions of 3.55 %. This modification is still under
consideration in the elaboration of the Methodology Development Plan that is part of the
National System. The decision is also waiting the conclusions of the new 2006 Revised IPCC
Guidelines.

It was also envisaged that consumption of raw materials and the knowledge of its carbon
content could be used to make estimates of carbon dioxide emissions from consumption of
carbon in raw materials. This procedure would result in an alternative estimate method that
could at least be useful to uncertainty assessment. In fact, apart from the data that is collected
directly from each unit plant concerning clinker production, industrial plants also furnish
information about consumption of raw materials (limestone, sand, carbonate shales, ash,
gypsum, iron oxides, argyles and flue dust) . The information data that was received until now is
not sufficient to derive country-specific CaO contents: CaO fractions are not available for all
industrial plants; some raw materials, such as carbonate shales, have a very large range of
possible carbonate content; and some carbon content materials are only used as fillers and will
not result in emissions.

Probably more feasible, efforts are also under way in order to improve the knowledge of carbon
content of products, or CaO and MgO content, for all plants with the possible outcome of a
country-specific emission factor. Nevertheless it was still not possible to obtain plant specific
data to ameliorate the emission estimates.

4.3.A.2 LIME PRODUCTION (CRF 2A2)
OVERVIEW

Lime is produced through calcination, a process of thermal conversion (at temperatures at
about 900-1200°C) in a kiln, of carbonate bearing materials (mostly limestone and dolomite, but
aragonite, chalk, marble or sea shells could be also used) releasing carbon dioxide and leaving
calcium oxide (CaO) or magnesium oxide (MgO) as valuable products. The following chemical
conversion equation applies, where for each mol of oxide a mol of carbon dioxide is emitted.

CaCOQOa3 (limestone) + heat -> CaO + CO2
CaC03.MgCO3 (dolomite) + heat -> CaO.MgO + 2C0O2

Lime products include several different forms:

- Quicklime or high calcium lime. A material composed of calcium oxide (CaO, it is
produced by heating limestone with heavy CaCO3 content (at least 50%) to high
temperatures. It is used in building, agriculture and chemical processes (manufacture of
Na2CO3, NAOH, steel, refractory material, SO2 absorption, CaC2, glass, pulp and
paper, sugar and ore concentration and refining). It is also used in waste and water
treatment;

- Dolomite quicklime. Produced in a similar mode to quicklime but from dolomitic
limestone or magnesite, rocks that contain both calcium carbonate and magnesium
carbonate (MgO is usually around 30 to 45% in content). Dolomite quicklime is a
mixture of CaO and MgO;

- Calcium Hydroxide, slaked lime, dead lime, burned lime or hydrated lime: Ca(OH); It is
produced from CaO and water. When an equivalent quantity of water is used is called
slaked lime, when an excess water is used is milk of lime and a clear solution of

% Assuming CaO fraction in clinker of 64.5% and MgO 2%, the default value set by GHP Protocol (WBCSD/WRI).
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Ca(OH), in water is limewater. It is used as an industrial alkali and in the preparation of
mortar (slaked lime plus sand) which sets to solid by reconversion of the hydroxide to
CaCOg3 (Sharp, 1981);

- Hydraulic Lime. A mixture of calcium oxide (CaO) and silicates, it is an intermediate
product between lime and cement.

Besides the production of lime in the lime industry to furnish market requirements, lime is also
produced and consumed inside industrial sectors. That is the case of the production of lime in
Kraft paper pulp plants, where quicklime is produced from carbonates in lime kilns and it is used
to regenerate green liquor to white liquor. That is also the case of iron and steel production
whereas emissions from this activity are also reported in this source category.

METHODOLOGY

Carbon Dioxide emissions from lime production were estimated from the quantity of lime that
was produced, according to the following equation, which is in accordance with equation 3.4 in
GP:

Emicoz = (Prdiime * EFLime + Prdsiacked * EFsiaked + Prdhtime * EFHLime) * 10°

Where,
Emico, — CO2 emission from total lime production (kton/yr);

Prdime — annual production of lime, either high calcium quicklime or dolomite lime as
final product (ton/yr);

Prdsiaked — production of slacked lime as final product (ton/yr);
PrdyLime — Annual production of hydraulic lime (ton/yr);

EFime, EFsiakeds EFHLIme — €mission factors applied respectively to lime, slaked lime and
hydraulic lime (ton CO2/ton lime).

EMISSION FACTORS

In the case of lime industry emission factors were determined in accordance with equations 3.5
of GP and using table 3.4 of the same reference. They were calculated for each lime type from:

EF = [(1'D0|Lime) * SRCaO * ContentCao + Do'Lime * SRCaO.MgO * ContentCao_Mgo] * (1-ContentH20)

Where,
Dol.ime — Ratio of total lime produced that is Dolomite Lime (kg/kg);

SRca0 — stoichiometric ratio between CaO and CO2 during production of pure high
calcium quicklime (kg/kg);

SRcao.mg0 - stoichiometric ratio between CaO.MgO (50:50) and CO2 during production
of pure Dolomite lime (kg/kg);
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Contente,o — Content of CaO in high calcium lime as in final product (kg/kg)®';
Contentcao.mgo - Content of Ca0.MgO in Dolomite lime as final product (kg/kg);
Contenty,o — Water content in slaked lime (kg/kg)

The following table presents the values set for each parameter, for each lime type, and the final
value for emissions factors. The values in this table are the default values in GP (table 3.4)
while Dol e is the proportion of both lime types according to GP also (page 3.22). The default
water content values in table 3.5 were used to determine the emission factor for slaked lime.

Table 4.3 — Parameters used to derive the Emission Factors for Lime Production

. Doliime Contentpoo EhrlEsien

Lime (%) Contentcao | Content caomgo (%) Factor _
(kgCO./kg lime)
QuickLime 15 0.95 0.95 0 0.76
Slaked Lime 15 0.95 0.95 27 0.56
Hydraulic Lime 0 0.75 0]- 0.59

Stoichiometric ratios are 0.785 kg CO,/kg CaO for high calcium lime (SRc.0) and 0.913 kg
CO,/kg Ca0.MgO for Dolomite Lime (SRcao.mgo)-

In the case of the iron and steel industry all lime is high calcium quick lime and the emission
factor, obtained from the above equation, is 0.75 kg CO,/kg lime.

ACTIVITY DATA

Production of lime products in industrial plants solely dedicated to this activity is available for the
period 1989-2000 from National Statistics (INE): for the period 1989-1991 from IAIT industrial
survey, and for 1992-2000 from the IAPI industrial survey. In order to avoid double counting of
decarbonisation (calcination), only lime sold was quantified but not lime produced for internal
consumption in unit plant. Production values for 2001-2004 are simple linear forecasts from the
available statistical time series. From the available information, no distinction could be made
between the high calcium lime and dolomite lime for lime produced and sold to market.

Lime production in the iron and steel industry was available from information received from the
industry for the period 1991-1994. For the remaining years 1990 and 1995-2001 annual lime
production, which data was unavailable, was forecasted using energy consumption as surrogate
indicator. After year 2002 no more lime was produced in the industrial unit. All lime produced in
the iron and steel plan is high calcium lime.

In the case of the paper pulp industry the IAIT/IAPI surveys have no available information in
lime production but only of limestone and dolomite consumption. Lime production had to be
estimated from consumption of those carbon bearing materials and assuming the stoichiometric
ratios of limestone and dolomite rock.

The time-series of Lime production per lime type is presented in Figure 4.7, from where it is
evident the pattern of production increase (119 per cent), particularly quick-lime which was
more than doubled in the period, and the minor importance of slacked lime production.

" This parameters have to be multiplied by respective oxide content because lime, or dolomite lime, are seldom
composed of pure oxides, but include also a fraction of impurities.
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Figure 4.7 — Production of lime in Portugal per lime type (1990-2004)
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UNCERTAINTY ASSESSMENT

According to the GP the uncertainty associated with the carbon dioxide emission factor for lime
production is 15% for hydraulic lime and 2% for all other lime types (IPCC,2000). The resultant
uncertainty value according to the share of each lime type in Portugal was set at about 8.5%.

The GP assumes that uncertainty in activity data is very high due to problems in gathering lime
data. The national inventory recognizes that this is in fact the case for Portugal, particularly
because in some situations lime is not produced for market but for internal consumption in the
industrial plant, and may be not properly reported in statistical surveys. The maximum
uncertainty value of 105% was therefore used in the uncertainty analysis.

RECALCULATIONS
No modification was made in emission estimates for this source sector.
FURTHER IMPROVEMENTS

There is still some possibility that the inventory is doubling the estimate of CO, emissions, if part
of the quick-lime that is produced in an industrial unit is sold and used again to produce slacked
lime or hydraulic lime in a different industrial plant. To correct this effect, emissions estimated
from lime production should be cross checked with emission estimates from limestone and
dolomite consumption. Another contribution factor to over-estimation of emissions is the
possible use of calcium materials to other used than lime® production in the paper pulp
industry.

A better and detailed knowledge of the proportion of lime that is high calcium lime and which is
dolomite lime should be achieved — however this separation can not be done from National
Statistical Databases except in the case of the paper pulp industry - allowing this differentiation
to be used in activity data and not in emission factor as it was done in this submission.

2 0or any other process not resulting in decarbonisation.
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4.3.A.3 LIMESTONE, DOLOMITE AND CARBONATE USE (CRF 2A3)
OVERVIEW

Carbon dioxide liberation to atmosphere occurs from several industrial activities that use
limestone (CaCO;), dolomite rock (CaCO3;.MgCO3;) or other carbonates, but only when original
materials are not incorporated as inert components but suffer a chemical removal of carbon, as
for example when calcium carbonate is added to nitric acid to form calcium nitrate:

2 HNO; + CaCO; -> Ca (NO3)2 + H,O + CO,

Presently, in the inventory of GHG emissions, only CO, emissions resulting from production of
calcium and magnesium nitrates and consumption of sodium carbonates in paper pulp
production are reported in source category 2A3.

Use of carbonate materials in glass industry is covered in sector activity 2A7. Although the use
of carbonates in iron and steel industry as flux in blast furnace result in CO, emissions, these
were included in Energy (1A2), being assumed that the emission factor of CO, from blast
furnace consumption® already includes the carbon from limestone that was liberated from the
flux in the blast furnace. While consumption of carbonate materials is reported in the National
Statistics Database (INE) for other industrial activities, some do not correspond to uses where
carbon is liberated and no emissions are estimated: paint, soap, pharmaceutical and
agrochemical products, cleaning products, perfumeries and hygiene products, glues and
adhesives, tire and rubber products, plastic products and synthetic fibbers, and all food and
beverage industry.

Lime production involves as well the consumption and decarbonising of carbonate materials,
limestone or dolomite rock. Albeit the similitude of both process, carbon dioxide emissions from
lime production, including production in the paper pulp industry and in the iron and steel
industry, are reported in source category 2A2 and were already discussed.

Non-CO, process emissions in the paper pulp and fertilizer industry are reported in other source
categories, respectively 2B and 2C. Combustion emissions from these industrial activities are
reported in source category 1A2.

METHODOLOGY

CO, emissions are estimated from the quantification of carbon in original raw materials, and
making a mass balance for the quantities of CO, that are liberated in the conversion process.
Therefore emissions are estimated from consumption of carbonate materials:

EmiCOZ (y) =44/12* IVIatCarb (m,y)* Ccontent (m) * 10-3

where
Emicoz ) - emission of carbon dioxide in year y (kton/yr);
Matca, (M,y) - consumption of carbonate containing material m in year y (ton/yr);

Ceontent (m) - Carbon content of material m consumed in year y (ton C/ton).

% Determined from composition of Blast Furnace Gas given by industry.
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EMISSION FACTORS
Carbon content of materials consumed in Portugal was set from molecular stoichiometry54:

Table 4.4 - Carbon content of carbonate materials

Material Ccontent
Sodium Carbonate 0.42
Barium Carbonate 0.22
Limestone* 0.44
Dolomite * 0.48
Magnesium
Carbonate 0.52
Coal (Electrodes) to
be removed 3.67

* assumed pure calcium carbonate;# Ca and Mg carbonate in equal share

ACTIVITY DATA

The consumption of sodium carbonate in the paper and pulp industry was determined from the
statistical information from INE from 1990 to 2000 and thereafter forecasted. Due to the
unavailability of statistical information concerning consumption of carbonaceous materials in the
fertilizer industry — for the production of calcium and magnesium nitrates — they had to be
estimated from fertilizer production data and considering that stoichiometrically two moles of
nitrogen require one mole of either CaCO3; or MgCOQOs. Fertilizer production per fertilizer type was
also available from INE database from 1990 to 2000 and thereafter forecasted. Final total
consumption of carbonaceous materials is presented in Figure 4.8 below. The ceramic industry,
more particularly the brick and tile industry and the pavement industry, consumes limestone,
dolomite and the carbonates of sodium and barium, and all these substances were considered
to result in decarbonisation. For this industry sector, although the consumption of carbonate
bearing materials is not known for the whole period, a consumption factor was developed based
on the information received under the European Emission Trading Scheme (EU-ETS), and
production of construction ceramics and pavement ceramics, available from INE’s industry
surveys IAIT and IAPI, was used to obtain the full time series. Total carbonate consumption has
increase 57 per cent since year 1990.

% |t was assumed that limestone was totally pure, which causes over-estimated emissions.
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Figure 4.8 - Consumption of carbonate materials in industry (1990-2004)
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UNCERTAINTY ASSESSMENT

There are no proposed values in GPG for the consideration of uncertainty values for CO,
emission factor from consumption of carbonate materials. The same uncertainty values that are
proposed for lime production (non hydrated lime) were therefore assumed (2%), considering
that the conversion is only a stoichiometric mass balance and that error results only from
uncertainty in Calcium and Magnesium content of raw materials. The uncertainty value of
activity data, also not referred to in GPG, was assumed also equal to the uncertainty set for lime
production.

RECALCULATIONS

The estimate of carbon dioxide emissions that are reported under this source category were
increased because of the inclusion of new estimates for consumption of limestone, dolomite and
carbonate materials in the ceramic industry.

FURTHER IMPROVEMENTS

More efforts to obtain necessary statistical information or alternative methodologies will be
envisaged to estimate emissions from emissions from carbonate use in the production of
synthetic fertilizers (nitrates of calcium and magnesium and ammonium nitrate with calcium and
magnesium).

Emissions of CO2 from use of sodium carbonate (soda ash) will be moved to category 2A4 in
next submissions. Finally care must be made to avoid double counting of emissions that may be
already included in other industrial sectors.

4.3.A.4 ROAD PAVING WITH ASPHALT (CRF 2A6)
OVERVIEW

Emission estimates reported in this source category include emissions occurring from paving
road surfaces with asphalt materials as well as emissions occurring during operation of hot mix
asphalt plants. Emissions from production of asphalt emulsions and cold asphalt mixtures are
not included in the inventory estimates, being assumed that they are negligible.
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Roads pavement with asphalt is done by the application of several layers over road bed. In
volume, the majority of pavement is composed of layers of a compact aggregate and an asphalt
binder (asphalt concrete). Asphalt concretes are classified either as hotmix or as coldmixes:
cutback and emulsified asphalts. Liquefied asphalts — cutbacks and emulsions - are also used
directly in seal and priming roadbed operations, sometimes in intermediate layers between
applications of asphalt cement layers. Aggregate materials incorporated in asphalt concrete are
usually composed of coarse unconsolidated rock fragments, either obtained from rock crushing,
natural alluvial deposits or by products from metal ore refining.

Hot mix asphalts are made by mixin% the aggregate material together with the asphalt cement
using high temperatures (150°-160°)™. Cold mix plants also involve mixing aggregate materials
with an asphalt binder, but now the binder is an asphalt emulsion or is a cutback cement, and
this process takes place at much lower temperature (40-60°).

Asphalt emulsions are mixtures of asphalt cement with water and emulsifiers®. Cure may result
from water evaporation alone or from the formation of chemical ionic bonds between aggregate
materials (anionic and cationic emulsions). Asphalt cut-backs are asphalt cements fluidized by
mixture with petroleum distillates: heavy fuel oil (Slow Cure), Kerosene (Medium Cure) or
Gasoline/naphta (Rapid Cure).

Emissions from application of pavement are mostly composed of NMVOC and certain toxic
substances as HAP. Cutback asphalts result in the highest emissions due to the evaporation of
part of the diluent containing VOC. Emulsified asphalts may also result in NMVOC emissions if
they contain solvents in their composition — and they may contain up to 12% of solvents. Hot
mix asphalts in the other hand, result in minimum NMVOC emissions during application,
because the organic component has high molecular weight and low vapour pressure
(USEPA,2001 — EIIP Volume lll Chapter 17).

Asphalt pavements dominate road paving activity in Portugal, whereas rigid cement pavements
are only about 5% of total paved areas (APORBET).

Emissions during fabrication of asphalt concretes are estimated only for hot mix asphalt and
comprehend NMVOC and Particulate Material that escape mostly from the drier. Other
pollutants are also emitted but they result mostly from combustion of fuels and are considered in
chapter Energy (1A2)°. Emission estimates for hot-mix are only made here for pollutants
COVNM and PM, while emission of other pollutants are covered in emission estimates made for
Energy in Manufacturing Industries and Construction (1A2) using fuel combustion in building
and construction activity™®.

Emissions during production of emulsions, cutback binders and cold mix asphalt concretes are
not estimated and assumed negligible59.

It was still not possible to distinguish the part of asphalt materials that is used in road pavement
and other uses, such as building isolation or asphalt roofing, and therefore all emissions from

% That are needed to fluidize the asphalt cement.
% And also a solvent in several emulsion types.

" To avoid duplication of emissions and because from statistical information is not possible to separate fuel use in this
particular activity sector.

% |t is not possible to distinguish fuel combustion in hot mix production activity.

% Some emissions do occur in fact during mixing and stockpiling operations. However, because the methodology is
based on mass balance, these emissions are in fact quantified under application of asphalt.
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production of asphalts — except emissions from fuel combustion — are included in this source
category.

METHODOLOGY

Different methodologies were used to estimate emissions during asphalt application or from
asphalt production.

Application of Asphalt Concretes and Liquefied Asphalts

Calculation of NMVOC emissions during application of asphalt materials is done solely for
cutback asphalts and emulsion asphalts. Emissions from application of hot mix asphalts are not
quantified and are assumed negligible.

Non methane emissions of volatile organic compounds from liquefied asphalt are dependent on
the quantity of distillate or solvent that is added to bitumen and on the rapidity of the curing
process, which in itself is a function of the distillate that is used. The following formula was used
to estimate emissions from this source, and were adapted from (USEPA,1997; USEPA,2001):

EmiNMVOC v = CureFC * Binder(y> * dBin_1 * SLVFaC * dSLV

where
Eminmvoc y) - Emissions of NMVOC from asphalt application during year y (ton/yr);
Binder (y) — Total quantity of asphalt binder used in road paving during year y (ton/yr);
SLVe4c - Fraction of distillate (solvent) in asphalt (m%m?);
dgy - density of solvent added to liquefied asphalt (kg/l);
dgin - density of bitumen binder mixture (kg/l);

Curegc - Factor dependent on cure, expressing the percentage of total distillate that
evaporates as emission (I/1).

Ultimate carbon dioxide emissions are calculated assuming that solvents are 100% composed
of VOC (USEPA,2001) and that emitted VOC have on average 85% of carbon:

Emico, = 44 /12*0.85* Eminmvoc

Hot Mix Asphalt Production

For calculation of hot mix production emissions, emission calculation is based on total product:

Emi oy) = HOtmiXBatCh v) *EF ) + HOtmiXDrum (v) *EF ®

Where,

Emi () — Total emissions for pollutant p occurring in year y from Hot mix asphalt
production (ton);

HotmiXgateh () @and Hotmixpwm () — Production of Hot mix asphalt, respectively in
discontinuous (batch) and continuous (drum) plants (ton/y