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Preface

According to Articles 4 and 12 of the United Nations Framework Convention on Climate
Change (UNFCCC), parties are required to, on an annual basis, submit national inventories
of anthropogenic emissions by sources and removals by sinks of all greenhouse gases not
controlled by the Montreal Protocol. This report is also a submission under the Kyoto
Protocol.

This is Sweden’s National Inventory Report (NIR) for the year 2012 and it is written in line
with the guidelines of the Annotated outline of the National Inventory Report including re-
porting elements under the Kyoto Protocol. It contains national greenhouse gas emission
inventories for the period 1990 to 2010, and descriptions of methods used to produce the
estimates. The methods used to calculate the emissions and removals are in accordance with
the Revised IPCC 1996 Guidelines for National Greenhouse Gas Inventories and the IPCC
Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Invento-
ries. The report is prepared in accordance with the Reporting Guidelines, agreed by the
UNFCCC at the eighth session of the Conference of the Parties (COP) in New Delhi 2002
and subsequent decisions.

This inventory is coordinated, on behalf of the Swedish Ministry of Environment, by the
Swedish Environmental Protection Agency.

Maria Agren
Director-General, Swedish Environmental Protection Agency
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Sammanfattning

(Summary in Swedish)

S 1. Bakgrund

Vaxthusgaser har alltid funnits i atmosfaren, men pa grund av mansklig aktivitet har kon-
centrationen av manga av dem Okat, vilket intensifierar vaxthuseffekten. 1988 bildades In-
tergovernmental Panel on Climate Change (IPCC) och tva ar senare konstaterade de att an-
tropogen klimatpaverkan utgjorde ett globalt hot och efterfragade en internationell Gverens-
kommelse for att hantera problemet. FN:s generalforsamling inledde férhandlingar om en
ramkonvention kring klimatférandringar (UNFCCC), vilken tradde i kraft 1994. Det langsik-
tiga malet ar att stabilisera halterna av véaxthusgaser i atmosfaren pa en niva som forhindrar
skadliga antropogena klimatforandringar fran att dga rum. Det viktigaste tillagget till kon-
ventionen forhandlades fram i Kyoto, Japan, 1997. Kyotoprotokollet innebér bindande ata-
ganden géllande utslappsméngder for Annex I-1anderna, vilket innebar att dessa landers
utslapp av vaxthusgaser under aren 2008-2012 i medeltal ska vara minst 5 % lagre &n under
basaret 1990.

Enligt Artikel 4 och 12 i UNFCCC maste medlemsstaterna arligen rapportera sina
utslapp fran kéllor och upptag i sankor for alla vaxthusgaser som inte omfattas/kontrolleras
av Montrealprotokollet. Rapporteringen ska innefatta utslappssiffror i ett speciellt format
(CRF) och en nationell inventeringsrapport (NIR).

Denna rapport utgdr Sveriges NIR 2012. Rapporten omfattar utslapp till luft av de
direkta vaxthusgaserna CO,, CH4, N,O, HFC, PFC, SF¢ och de indirekta vaxthusgaserna
NOx, CO, NMVOC och SO,. Rapporten innehdller information om Sveriges inventering av
vaxthusgaser for alla ar fran 1990 till 2010, inklusive beskrivningar av metoder, datakallor,
osékerheter, den kvalitetssakring och kvalitetsstyrning (QA/QC) som gors och en
trendanalys.

De elektroniska data, sdsom emissioner, aktivitetsdata och emissionsfaktorer som
UNFCCC efterfragar aterfinns i CRF-tabeller tillsammans med denna rapport.

S 2. Sammanfattning av nationella utslapp och
upptag samt trender, inklusive KP-LULUCF

S 2.1 Vaxthusgaser

Totala utslappet av vaxthusgaser i Sverige, uttryckt i koldioxidekvivalenter, var ca 66,2 mil-
joner ton ar 2010 med 4,1 % osékerhet (Tabell S 1), vilket ar en 6kning med ca 6,6 miljoner
ton jamfort med 2009. Utslappen har minskat med ca 9 %, eller ca 6,5 miljoner ton, mellan
1990 och 2010. Osékerheten ar beraknad till + 2,1 % i trenden, dvs. minskningen ligger i
intervallet 6,9 % - 11 %.

14
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Nettoupptaget for sektorn Markanvandning, Forandrad markanvandning och Skogsbruk
(LULUCEF) har beraknats till ca 34 miljoner ton koldioxidekvivalenter 2010 (Tabell S 1).
Den arliga forandringen i sankan ar mycket liten i forhallande till poolernas storlekar (levan-
de biomassa, dott organiskt material och markkol). Berakningarna ar pa grund av detta be-
haftade med stora osakerheter. Osékerheterna tillsammans med lI6pande metodutveckling
kan ge stora foréndringar i rapporterade varden mellan submissionerna

Utslappen av koldioxid var ca 53 miljoner ton ar 2010 vilket ar ca 7 % lagre jamfort med
1990 (Tabell S 1). Energisektorn, inklusive transporter, star for ca 89 % av de totala koldiox-
idutslappen och ar darmed den storsta kallan till koldioxidutslapp i Sverige. Koldioxid star
for ca 80 % av de totala utslappen av véxthusgaser.

Metanutslapp (CH,4) kommer framfor allt fran jordbruk och avfallsdeponier och var ca 5,3
miljoner ton 2010 réknat som koldioxidekvivalenter (Tabell S 1). Sedan 1990 har utslappen
av metan minskat med ca 26 %, vilket framst beror pa atgarder inom avfallssektorn och
jordbruksektorn.

2010 var totala utslappen av lustgas (N,O) ca 7 miljoner ton rdknat som koldioxidekvivalen-
ter (Tabell S 1), vilket &r en minskning med ca 16 % jamfort med 1990. Utslapp av lustgas
kommer huvudsakligen fran jordbrukssektorn, men ocksa fran energiproduktion, industri-
processer och hantering av avloppsvatten. Jordbrukssektorn star for den storsta delen av
minskningen.

Totala utslappen av fluorerade gaser (PFCs, HFCs och SFg) 2010 var 1,1 miljon ton uttryckt
i koldioxidekvivalenter (Tabell S 1). Detta innebar en 6kning av utslappen med 121 % jam-
fort med 1990. Okningen beror framst pé att ozonforstorande &mnen ersatts av HFCs.

S 2.2 KP-LULUCF

Sverige rapporterar artikel 3.3 och 3.4 under Kyoto protokollet. For dessa aktiviteter har
Sverige valt att bokfora upptag/utslapp for hela dtagandeperioden (och ej pa arshasis).

Aktiviteterna under artikel 3.3, nybeskogning /aterbeskogning (AR), &r relativt ovanliga i
Sverige. Sedan 2008 har arealen nybeskogad/aterbeskogad mark ckat med ca 5 000 ha per
ar. Upptaget for alla poolerna har beréaknats till 0.8 miljoner ton CO, ekvivalenter 2010.
Andelen mark som avskogats, (D), har 6kat nagot fran 2008. Det totala utslappet 2010 har
beréknats till 2.2 miljoner ton CO; ekvivalenter. Under artikel 3.4 har Sverige valt bokféring
av skogsbruk. For denna aktivitet &r upptaget ca 36.9 miljoner ton CO, ekvivalenter 2010.
Rapporteringen under Kyotoprotokollet artikel 3.3 och 3.4 harmonierar med UNFCCC rap-
porteringen for skogsmark och mark som konverterats till skogsmark (arean).
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Tabell S 1 Utslapp av vaxthusgaser &mnesvis (Gg CO; ekvivalenter)

U'_I_'SLAPP AV  CO;zinkl. CO; exkl. CHy4 inkl.  CH4 exkl. N2O inkl.  NO exkl. HFCs PFCs SFe Total (inkl. Total (exkl. LULUCF)

VAXTHUS- netto CO, nettoCO, CHsfrdn  CHsfrdn  NpOfrdn  NO fran LULUCF)

GASER frn fran  LULUCF LULUCF LULUCF LULUCF

CO2eq.(Gg) LULUCF LULUCF
1990 15 548 56 890 7052 7 050 8 407 8326 4 377 107 31 495 72 755
1995 23320 58 854 6 954 6 952 8083 8020 132 343 127 38 960 74 429
2000 15 144 54 133 6 368 6 365 7634 7 560 568 241 94 30 048 68 959
2001 16 084 55 064 6325 6322 7452 7376 615 236 111 30 823 69 724
2002 16 942 55 978 6 147 6142 7 347 7274 666 261 104 31 467 70 425
2003 20 210 56 626 6 004 5998 7307 7228 710 258 69 34558 70 889
2004 22894 55 789 6 025 6019 7271 7188 769 254 81 37 295 70 101
2005 22 292 53 282 5892 5887 7121 7026 790 257 142 36 494 67 384
2006 16 278 53 242 5820 5808 7147 7049 818 245 111 30 420 67 273
2007 14 966 52 003 5580 5578 6 888 6780 838 248 151 28 672 65 599
2008 13 223 50 139 5389 5375 7035 6910 867 225 84 26 821 63 599
2009 10 795 46 664 5281 5278 6863 6 745 869 35 81 23923 59 671
2010 18 690 52 884 5255 5255 7151 7013 849 158 73 32177 66 232
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Tabell S 2 Utslapp av vaxthusgaser sektorsvis (Gg CO; ekvivalenter)

KALLOR TILL OCH Energi Industriprocesser Anvandning Jordbruk Markanvéandning, Avfall

SANKOR AV av losnings- forandrad markan-

VAXTHUSGASER medel och vandning och

CO2 equiv. andra produk- skogsbruk

ter

1990 53 606 6330 332 9065 -41 259 3421
1995 55 442 6 644 309 8801 -35 469 3233
2000 50 557 6812 278 8397 -38 911 2916
2001 51 431 6810 269 8343 -38 901 2871
2002 52 217 6951 276 8 255 -38 958 2726
2003 53 152 6679 292 8148 -36 331 2618
2004 51 928 7071 311 8182 -32 806 2609
2005 49 565 7 004 303 8042 -30 890 2470
2006 49 580 6 999 300 8016 -36 853 2378
2007 48 170 6948 297 7939 -36 926 2245
2008 46 392 6833 311 8 002 -36 778 2061
2009 44 640 5010 311 7770 -35 748 1940
2010 49 359 6841 311 7873 -34 055 1848
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S 3. Oversikt dver utslappsberakningar och
trender sektorsvis, inklusive KP-LULUCF

S 3.1 Vaxthusgaser

De metoder som anvénts for att berdkna utslapp och upptag 6verensstimmer med ‘Revised

IPCC 1996 Guidelines for National Greenhouse Gas Inventories’ och ‘TPCC Good Practice
Guidance and Uncertainty Management in National Greenhouse Gas Inventories’. Inventer-
ingen och rapporten dr framtagen i enlighet med *Reporting Guidelines’, som beslutades av

UNFCCC under den attonde sammankomsten av Conference of the Parties (COP) i New
Delhi 2002 och efterféljande beslut.

De sektorer som innefattas av inventeringen och de kéllor som anvénds for aktivitetsdata
och/eller utslappsdata presenteras i Tabell S 3. Utslappen ar hamtade direkt fran dessa
datakallor eller berdknade baserat pa aktivitetsdata.

Tabell S 3 CRF sektorer och datakéllor som anvands i inventeringen.

CRF Sektor Primér kalla till aktivitetdata/utslappsdata
1 Energi
-Stationér forbréanning Statistiska undersokningar av energiforbrukning
-Transport Transportmyndigheter
2 Industriprocesser Miljérapporter
Statistiska undersdkningar av energiférbrukning
Direktkontakt med foretag
EU:s utslappshandelssystem
3 Losningsmedel och annan Produk- Nationella data fran Produktregistret p& Kemikaliein-
tanvandning spektionen
Nationella experter
Miljérapporter
4 Jordbruk Officiella statistiska rapporter
Organisationer och Forskare
5 Foérandrad Markanvandning och Sveriges lantbruksuniversitet
Skogsbruk Skogsstyrelsen
6 Avfall Avfall Sverige (fd RVF)

Skogsindustrierna
SCB
Naturvardsverket
Miljérapporter

Utslappen fran energisektorn varierar pa grund av temperatur- och nederbérdsforhallanden
samt det ekonomiska konjunkturladget men trenden for perioden 1990-2010 &r minskande
utslapp. Utslappen av vaxthusgaser fran energisektorn inklusive transporter var ca 49,4
miljoner ton i koldioxidekvivalenter 2010 (Tabell S 2), vilket ar ca 75 % av de totala
utslappen. Utslapp av vaxthusgaser fran trafiken 6kade med drygt 7 % fran 1990 till 2010.
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Utsléppen av véxthusgaser har under 2010 dkat jamfort med 2009. Bakomliggande orsaker
ar aterhamtningen av ekonomin och 6kat behov av uppvarmning pa grund av kallare véder.
Ungefar en tredjedel av 6kningen av utslappen fran energisektorn ar 2009 kan hanforas till
den ekonomiska aterhamtningen efter nedgangen som inleddes hosten 2008.

Utslappen av koldioxid fran produktion av el och fjarrvarme uppgick till cirka 10 miljoner
ton 2010, vilket var hogre an den niva som 1990 och det nast hogsta sedan 1990 under med
undantag for 1996.

For industriprocesser ar koldioxid den dominerande véxthusgasen med 78 %, sedan
kommer fluorerade vaxthusgaser med ca 16 % dikvaveoxid med ca 6 % och metan med 0,2
%. Utslappen kommer framfor allt fran produktion av jarn och stal samt mineralindustrin.
De totala utslappen fran industriprocesser var omkring 6,8 miljoner ton
koldioxidekvivalenter ar 2010 (Tabell S 2), vilket motsvarar drygt 10 % av totala utslappen.
Totala utslappen fran industriprocesser 6kade med 1,8 miljoner ton koldioxidekvivalenter
eller ca 36 % mellan 2009 och 2010. De 6kade utslappen 2010 beror framst pa en 6kad
produktion framst inom metallindustrin till foljd av den ekonomiska aterhamtningen efter
nedgangen som inleddes hésten 2008 och fordjubades 2009.

Sedan 1990 har de totala utsldppen i denna sektor varierat, vilket framfor allt beror pa
att produktionsvolymerna varierar med ekonomiska cykeln. 2010 var utsldppen 8 % hogre
an 1990.

Anvandningen av Ldsningsmedel och andra produkter ger huvudsakligen upphov till
utslépp av flyktiga organiska &mnen (VOCs), lustgas (N,O) och en del koldioxid. 2010 var
utsléppen av koldioxid och lustgas drygt 0,3 miljoner ton uttryckt i koldioxidekvivalenter
(Tabell S 2), vilket utgdr knappt 0,5 % av de totala vaxthusgasutsléappen. Jamfort med 1990
har utslappen i denna sektor minskat med ca 6 %. Ca 15 % av koldioxidutslappen kommer
fran anvandningen av farg, aven om dessa utslapp har minskat p.g.a. en 6vergang till
vattenbaserade féarger.

Jordbruk &r den storsta kallan till utslapp av lustgas och metan. 2010 var de totala utslappen
fran jordbrukssektorn knappt 8 miljoner ton uttryckt i koldioxidekvivalenter (Tabell S 2)
varav ca 62 % utgjordes av N,O och ca 38 % av CH,. Det &r en minskning med ca 13 %
jamfort med 1990. Utslapp av metan kommer framfor allt fran boskapens
matsmaltningsprocesser och fekalier. De viktigaste anledningar till de minskade utsléappen
ar en minskad boskapshallning och en minskad tillampning av mineralgodsel-medel i
jordbruket. Lustgas kommer framfor allt fran omvandling av kvave i jorden, vilken
paverkas av anvandningen av godsel och handelsgddsel och odlingen av kvévefixerande
vaxter.

Berakningarna av nettoupptaget for LULUCF under 2010 visar pa en nagot lagre
nettosanka jamfort med foregaende ar (Tabell S 2). Minskningen beror sannolikt pa en
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okande trend i avverkningsintensitet men data for de fyra sista aren ar delvis extrapolerade
varfor effekter av avverkningsnivaer for enskilda ar inte avspeglas i redovisningen. Under
2010 inventerades 20 % av provytorna som anvénds for att berdkna sankan. Det innebdr att
underlaget for statistiska berdkningar av sankans storlek har en stor inbyggd osakerhet och
berakningar for kommande ar kan ge betydligt forandrade resultat.

Avfallsdeponier ar den ndst storsta kallan till utslapp av metan. Av avfallssektorns utslapp
under 2010 dominerar metanutslappen fran avfallsdeponier med ca 85 % medan lustgas
fran avloppsvatten star for 9 % och koldioxidutslappen fran forbranning av farligt avfall for
6%. 2010 var de totala utslappen fran avfallssektorn drygt 1,8 miljoner ton (Tabell S 2)
uttryckt i koldioxidekvivalenter, vilket motsvarar ca 3 % av de totala utslappen. Utslappen
fran sektorn har minskat med 46 % jamfort med 1990. Utvinning av deponigas,
deponifdrbud och deponiskatter & huvudorsakerna till utslappsminskningen.

Totala utsléapp av vaxthusgaser uppgick 2010 till ca 66,2 miljoner ton koldioxidekvivalenter
varav utslapp ej inkluderade i utslappshandel stod for 43,6 miljoner ton. Detta innebér att
de svenska utslappen ar 2010 var 9 % lagre an for basaret vilket innebar att Sverige
kommer att kunna uppfylla sina dtaganden med god marginal.

S 3.2 KP-LULUCF

I och med att aktiviteterna under artikel 3.3 (beskogning och avskogning) ar relativt ovanli-
ga ar det svart att uttala sig om skillnader mellan ar. Nettoupptag respektive emissioner
ligger pa ungefar samma nivaer som i tidigare submission.

Nar det galler aktiviteten skogsbruk under artikel 3.4 sa har nettoinlagringen minskat de
sista aren. Den nedatgaende trenden bero sannolikt pa att avverkningarna fortsatt ligger pa
en relativt hog niva men som namnts tidigare &r osakerheten i berékningarna for de sista
aren stor och det ar darfor svart att dra nagra sakra slutsatser kring vad skillnader mellan ar
beror pa.
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S 4. Oversikt av utslappsberakningar och
trender for indirekta vaxthusgaser och SO,

Tabell S 4 Utslapp av indirekta véaxthusgaser och SO, (Gg)

GAS 1990 1995/ 2000 2001| 2002| 2003| 2004| 2005| 2006| 2007| 2008| 2009 2010
NOx 271 248 | 206 | 197| 192| 188| 180| 176| 175| 169 | 159 | 154 | 162
co 1280 | 1127| 824 | 784 | 749| 729| 678 | 661 | 627 | 618 | 607 | 612| 640
NMvoc 359 278 | 223 | 212| 206| 206| 201| 197 | 195| 197 | 196 | 197 | 197
SO2

105 69 42 41 40 41 37 36 36 33 31 30 35

Utsléppen av kvaveoxider (NOx) var ca 162 kton 2010 (Tabell S 4), vilket &r en minskning
med ca 40 % jamfort med 1990. Vdgtrafikens utslapp av NOx har minskat med 47 % mel-
lan 1990 och 2010. Utslappen har dkat med ca 2,7 % mellan 2009 och 2010. De stérsta
kallorna till utslapp av kvaveoxider ar végtrafik, arbetsmaskiner, sjofart och el- och varme-
produktion. | tatorter dr vagtrafiken den storsta kallan till kvaveoxidutslapp, men inforandet
av katalysatorer i bilar och den paféljande successivt mer skarpta avgasstandarden har bi-
dragit till en generell minskning av kvaveoxidnivaer i tatbebyggda omraden. Den 6kande
anvandningen av fjarrvarme och NOx-avgiften i borjan pa 1990-talet har ocksa resulterat i
stora minskningar av kvaveoxidutslapp fran energisektorn.

Utslappen av kolmonoxid (CO) har minskat fran 1280 kton 1990 till 640 kton 2010 (Tabell
S 4), en reducering pa 50 %. Omkring 96 % av utslappen kommer fran energisektorn varav
ca 42 % kommer fran transport.

Utslapp av flyktiga organiska amnen (NMVOC) var ca 197 kton 2010 (Tabell S 4), vilket
ar en minskning med 45 % jamfort med 1990. De huvudsakliga kallorna till NMVOC éar
vagtrafik, vedeldning inom bostadssektorn och produkter innehallande l16sningsmedel.
Icke-obligatoriska miljostandarder for nya installationer av vedeldningspannor och minska-
de utslapp fran produkter innehallande I6sningsmedel har bidragit till minskningen av ut-

slapp.

Utslappen av svaveldioxid (SO,) har minskat fran 105 kton 1990 till ca 35 kton 2010
(Tabell S 4), en reducering pa ca 67 %. Minskningen beror framfor allt pa en Gvergang till
lagsvavelhaltiga branslen, bade for vagtrafik och uppvarmning. Svavelskatt, som infordes
1991, spelar en stor roll for utvecklingen. Svaveldioxidutslapp harror framst fran
energiproduktion, transporter och industriprocesser.
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Executive Summary

ES 1. Background Information

Greenhouse gases have always been present in the atmosphere, but now concentrations of
several of them are rising as a result of human activity, which intensifies the greenhouse
effect. An Intergovernmental Panel on Climate Change (IPCC) was established in 1988 and
two years later they came up with the conclusion that anthropogenic climate change is a
global threat and asked for an international agreement to deal with the problem. The United
Nations started negotiations to create a framework convention on climate change
(UNFCCC), which came into force in 1994. The long-term goal is to stabilize the amount
of greenhouse gases in the atmosphere at a level where harmful anthropogenic climate
changes is prevented. The most important addition to the convention was negotiated in
1997 in Kyoto, Japan. The Kyoto protocol involves binding obligations for the Annex |
countries to decrease their emissions of greenhouse gases (GHG) with at least 5% during
2008-2012 compared to the base year 1990. According to Articles 4 and 12 of the United
Nations Framework Convention on Climate Change (UNFCCC), parties are required to
annually submit national inventories of anthropogenic emissions by sources and removals
by sinks of all greenhouse gases not controlled by the Montreal Protocol. The submission
of inventories should including emissions in the Common Reporting Format (CRF) and a
National Inventory Report (NIR).

This report constitutes Sweden’s NIR 2012 for anthropogenic emissions of direct
greenhouse gases CO,, CH,, N,O, HFC, PFC, SF¢ and indirect greenhouse gases NOy, CO,
NMVOC and SO,. The report contains information on Sweden’s inventories of greenhouse
gases for all years from 1990 to 2010, including descriptions of methods, data sources,
uncertainties, the quality assurance and quality control (QA/QC) activities carried out and a
trend analysis.

Electronic data on emissions, activity data and emission factors in the Common Report-
ing Format (CRF) requested by the UNFCCC are provided together with this report.

ES 2. Summary of National Emissions and
Removal Related Trends, including KP-
LULUCF

ES.2.1 GHG inventory

Total greenhouse gas emissions in Sweden, expressed in carbon dioxide equivalents, were
about 66.2 million tonnes for 2010 with an uncertainty of 4.1 % (Table ES 1). The emission
increased by about 6.6 million tonnes compared to 2009. Emissions have fallen by about

9 % or approximately 6.5 million tonnes between 1990 and 2010. The uncertainty in the
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trend is a percentage point range relative to the inventory trend and should be interpreted as
* 2.1 %, that is emissions have decreased by 6.9 % - 11 %.

The net uptake of the land use, land-use change and forestry (LULUCF) has been esti-
mated at 34 million tonnes carbon dioxide equivalent in 2010 (Table S1). The annual
change of the sink is very small compared to the size of pools (living biomass, dead organic
matter and land-based carbon). For this reason, the estimations are associated with uncer-
tainties. The uncertainties and change of methods can result in substantial effects on the
annual values and between different submissions.

Emissions of CO, were around 53 million tonnes in 2010, which is about 7 % lower
than in 1990 (Table ES 1). About 89 % of total carbon dioxide emissions come from the
energy sector, including transport, which is the largest source of carbon dioxide in Sweden.
Carbon dioxide's share of the total GHG emissions is approximately 80 %.

Emissions of methane (CH,) arise mainly from agriculture and landfill sites, and in
2010 were approximately 5.3 million tonnes, expressed in CO,-equivalents (Table ES 1).
Since 1990, emissions have decreased about 26 %, primarily due to measures implemented
in the waste sector and agriculture.

In 2010, the total emissions of nitrous oxide (N,O) were around 7 million tonnes, ex-
pressed in CO,-equivalent (Table ES 1), a reduction of 16 % compared to 1990. Emissions
arise mainly from agriculture, but also from energy production, wastewater handling and
industrial processes. The agricultural sector accounts for the bulk of N,O decline.

Total emissions of fluorinated gases (PFCs, HFCs and SFg) in 2010 were approximately
1.1 million tonnes expressed in carbon dioxide equivalents (Table ES 1). This corresponds
to an increase of about 121 % compared to 1990. The increase is due to the replacement of
the ozone-depleting substances by HFCs.

ES.2.2 KP-LULUCF activities

Sweden reports Articles 3.3 and 3.4 of the Kyoto Protocol. For these activities, Sweden
has chosen to report the uptake/emission for the entire commitment period but not on an
annual basis.

The activities under Article 3.3, afforestation / reforestation (AR), are relatively rare in
Sweden. Since 2008 the area afforestrated / reforested land increased by about 5 000 ha per
year . The uptake for all the pools have been estimated at 0.8 million tonnes of CO, equiva-
lents in 2010. The proportion of land that is deforested, (D), increased slightly compared to
2008. The total emission in 2010 is estimated at 2.2 million tonnes of CO, equivalents.
Under Article 3.4, Sweden has chosen accounting of forestry. For this activity, the uptake is
approximately 36.9 million tons of CO, equivalents in 2010. Reporting under the Kyoto
Protocol Article 3.3 and 3.4 is in harmony with the UNFCCC reporting for forest and land
converted to forest land (area).
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Table ES 1 Greenhouse gas emissions by gas (Gg CO; equivalents)

GREENHOUSE CO3 incl. CO; excl. CHy4 incl.  CH4 excl. N2O incl.  NO excl. HFCs PFCs SFs Total (incl. Total (excl. LULUCF)

GAS net CO; net CO, CHsfrom CHsfrom N2O from  N;O from LULUCF)

EMISSIONS from from LULUCF LULUCF LULUCF LULUCF

CO2 eq.(Gg) LULUCF  LULUCF
1990 15 548 56 890 7052 7 050 8 407 8326 4 377 107 31 495 72 755
1995 23320 58 854 6 954 6 952 8083 8020 132 343 127 38 960 74 429
2000 15 144 54 133 6 368 6 365 7634 7 560 568 241 94 30 048 68 959
2001 16 084 55 064 6325 6322 7452 7376 615 236 111 30 823 69 724
2002 16 942 55 978 6 147 6142 7 347 7274 666 261 104 31 467 70 425
2003 20 210 56 626 6 004 5998 7307 7228 710 258 69 34558 70 889
2004 22 894 55 789 6025 6019 7271 7188 769 254 81 37 295 70 101
2005 22 292 53 282 5892 5887 7121 7026 790 257 142 36 494 67 384
2006 16 278 53 242 5820 5808 7147 7049 818 245 111 30 420 67 273
2007 14 966 52 003 5580 5578 6 888 6780 838 248 151 28 672 65 599
2008 13 223 50 139 5389 5375 7035 6910 867 225 84 26 821 63 599
2009 10 795 46 664 5281 5278 6863 6 745 869 35 81 23923 59 671
2010 18 690 52 884 5255 5255 7151 7013 849 158 73 32177 66 232
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Table ES 2 Greenhouse gas emissions by sector (Gg CO; equivalents)

GHG SOURCE AND SINK Energy Industrial  Solvent and Agriculture Land Use, Land- Waste

CATEGORIES Processes Other Product Use Change and

CO2 equiv. Use Forestry
1990 53 606 6 330 332 9 065 -41 259 3421
1995 55 442 6 644 309 8801 -35 469 3233
2000 50 557 6812 278 8397 -38 911 2916
2001 51 431 6810 269 8343 -38 901 2871
2002 52 217 6951 276 8 255 -38 958 2726
2003 53 152 6679 292 8148 -36 331 2618
2004 51 928 7071 311 8182 -32 806 2609
2005 49 565 7 004 303 8 042 -30 890 2470
2006 49 580 6 999 300 8016 -36 853 2378
2007 48 170 6948 297 7939 -36 926 2245
2008 46 392 6833 311 8 002 -36 778 2061
2009 44 640 5010 311 7770 -35 748 1940
2010 49 359 6841 311 7873 -34 055 1848
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ES 3. Overview of Source and Sink Category
Emission Estimates and Trends, including
KP-LULUCF

ES.3.1 GHG inventory

The methods used to calculate the emissions and removals are in accordance with
the Revised IPCC 1996 Guidelines for National Greenhouse Gas Inventories and
the IPCC Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories. The report is prepared in accordance with the Report-
ing Guidelines, agreed by the UNFCCC at the eighth session of the Conference of
the Parties (COP) in New Delhi 2002 and subsequent decisions.

The sectors included in the inventory and the main sources used for activity
data and/or emission data are presented in Table ES 3. The emissions are collected
directly from these data sources, or calculated based on activity data.

Table ES 3 CRF sectors and data sources used in the inventory.

CRF  Sector Main source for activity/emission data
1 Energy
-Stationary combustion Statistical survey on energy consumption
-Transport Transport authorities
2 Industrial processes Environmental reports
Statistical survey on energy consumption
Direct contact with companies
CO, Data from the European trading scheme (ETS)
3 Solvent and Other Product National data from the Products register at the Swedish
Use Chemicals Agency
National experts
Environmental reports
4 Agriculture Official statistical reports
Organisations and researchers
5 Land Use Change and Swedish University of Agricultural Sciences
Forestry Swedish Forest Agency
6 Waste Swedish Association of Waste Management

The Swedish Forest Industries Federation
Statistics Sweden

Swedish Environmental Protection Agency
Environmental reports

Greenhouse gas emissions from the energy sector including transport, were about
49.4 million tonnes, expressed as carbon dioxide equivalents, in 2010 (Table ES 2),
which is equivalent to 75 % of the total emissions. From 1990 to 2010, there was a
7 % increase of greenhouse gas emissions from road traffic. In 2010 the green-
house gases emissions have increased compared to 2009. Underlying causes are
the economic recovery following the economic turndown that began in the autumn
of 2008, and increased need for heating due to colder weather.

Emissions of carbon dioxide from the production of electricity and district heating
totalled about10 million tonnes in 2010, which was higher than the level as in 1990
and the second highest amount during the time series, except for 1996.
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For industrial processes, the most dominant greenhouse gas is carbon dioxide,
contributing 78 %, followed by the fluorinated greenhouse gases by 16 %, nitrous
oxide by about 6 % and methane by 0.2 %.

Emissions from industrial processes are primarily derived from the production of
iron and steel. The total emission in 2010 were approximately 6.8 million tonnes
expressed as carbon dioxide equivalents (Table ES 2), which is approximately 10
% of the total emissions. The total emissions increased by 1.8 million tonnes of
carbon dioxide equivalents or about 36 % between 2009 and 2010. The increase in
2010 was primarily due to increased in metal production, reflecting the economic
growth after the economic turndown that started in autumn 2008 and deepened in
2009.

Since 1990, total emissions in this sector have varied, primarily because production
volumes vary with economic cycles. In 2010, emissions were 8 % higher than in
1990.

The use of Solvents and Other products mainly gives rise to emissions of volatile
organic substances (VOCSs), nitrous oxides (N,O) and some carbon dioxide. In
2010, emissions of carbon dioxide and nitrous oxide expressed in carbon dioxide
equivalents were almost 0.3 million tonnes (Table ES 2), which corresponds to
about 0.5 % of the total greenhouse gas emissions. Compared to 1990, emissions
have decreased with about 6 %. Almost 15 % of carbon dioxide emissions arise
from paint application, even though these emissions have decreased due to a transi-
tion to water-based paints.

Agriculture is the largest source of methane and nitrous oxide emissions. In 2010,
total greenhouse gas emissions expressed in carbon dioxide equivalents were al-
most 8 million tonnes (Table ES 2) in which 62 % consisted of nitrous oxide and
38 % of methane. The emissions decreased by about 13 % compared to 1990.
Methane emissions arise primarily from the digestive processes of cattle and from
their manure. The most important reasons for the reduced emissions are reduced
livestock keeping and reduced application of N-fertilisers in agriculture. Nitrous
oxide emissions originate mainly from transformation of nitrogen that takes place
in the ground, which is influenced by the use of manure and commercial fertiliser
and the cultivation of nitrogen-fixing crops.

The estimates of net uptake of LULUCF in 2010 show a slightly lower net decrease
than the previous year (Table S2). The decrease is probably due to an increasing
trend in logging intensity, but data from the last four years is partly extrapolated
and that is the reason why the effects of logging levels for individual years are not
reflected in the reporting.

During the inventory year 2010, only 20 % of the surface samples were inventoried
to calculate to the sink. This means that the basis for statistical estimates of the size
of the sink has a large uncertainty, and estimates for future years can significantly
change results.
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Waste sector emissions in 2010 is dominated by methane emissions from landfills
by about 85 %, while nitrous oxide emissions from waste water accounts for 9 %
and carbon dioxide emissions from the incineration of hazardous waste is 6 %. In
2010, the total emissions from the waste sector were about 1.8 million tonnes (Ta-
ble ES 2), expressed as carbon dioxide equivalents or about 3 % of the total GHG
emissions. Compared to 1990 the emissions in 2010 have reduced by about 46 %.
The collection of landfill gas, a ban on landfill deposit and the introduction of a
landfill tax have played a key role for the decrease in emissions.

The total emissions of greenhouse gases in 2010 were about 66 million tonnes
expressed as carbon dioxide equivalents and the emissions that come from sectors
outside the trading system were 43.6 million tonnes. This means that emissions in
Sweden in 2010 were 9 % below the base year emissions, which indicates that
Sweden will comfortably fulfil its commitment.

ES.3.2 KP-LULUCF activities

As the activities under Article 3.3 (afforestation and deforestation) are relatively
uncommon in Sweden, it is difficult to draw any conclusions on the differences
between years. The net uptakes and emissions in 2010 were approximately at the
same levels as 2009.

Net removals related to Forest management under Article 3.4, decreased during the
previous years. This is mainly an effect of reduced felling.

The downward trend is likely due to a continued filling at a relatively high level,
but as mentioned earlier, the uncertainty in the estimates for the last few years is
large and it is therefore difficult to draw firm conclusions about the reason for the
differences between years.
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ES 4. Overview of Emission Estimates and
Trends of Indirect GHGs and SO,

Table ES 4 Emissions of indirect greenhouse gases and SO, (Gg)

GAS 1990| 1995| 2000| 2001| 2002 2003| 2004 2005 2006/ 2007| 2008| 2009| 2010
NOx 271 248 | 206 | 197 | 192 | 188 | 180 | 176 | 175| 169 | 159 | 154 | 162
co 1280 | 1127 | 824 | 784 | 749 | 729 | 678 | 661 | 627 | 618 | 607 | 612 | 640
NMvoc 359 278 | 223 | 212 | 206 | 206 | 201 | 197 | 195| 197 | 196 | 197 | 197
SO;

105 69| 42| 41| 40| 41 37| 36| 36| 33| 31| 30| 35

Emissions of nitrogen oxides (NOx) were about 162 ktonnes in 2010 (Table ES 4),
a reduction of 40 % compared to 1990. Road traffic emissions of NOx have de-
creased by 47 % between 1990 and 2010 and increased by about 2.7 % between
2009 and 2010. The largest sources of emissions of nitrogen oxides are road traffic,
mobile machinery, maritime transport and electricity and heating production. In
areas where people congregate, road traffic is the most significant contributor to
emissions of nitrogen oxides, but the introduction of catalytic converters in the late
1980's and the subsequent successively more stringent emission standards have
contributed to a general reduction of nitrogen oxide levels in built-up areas. The
increased use of district heating and the "NOx charge™ of the early 1990s have also
resulted in a great reduction of emissions of nitrogen oxides from the energy sector.

Emissions of carbon monoxide (CO) have decreased from 1280 ktonnes in 1990 to
640 ktonnes in 2010 (Table ES 4), a reduction of 50 %. About 96 % of emissions
come from energy sector of which 42 % comes from transport.

Emissions of volatile organic compounds (NMVOC) were 197 ktonnes in 2010
(Table ES 4), a decrease of 45 % compared to 1990. The main contributors to
NMVOC emissions are road traffic, wood combustion in the residential sector and
solvents- containing products. Non-compulsory environmental standards for new
installations of wood-burning boilers and reduced emissions from solvent-
containing products have contributed to the decrease in emissions.

Emissions of sulphur dioxide (SO,) have decreased from 105 ktonnes in 1990 to
about 35 ktonnes in 2010 (Table ES 4), a reduction of about 67 %. Sulphur dioxide
emissions derive from the energy, transport and industrial sectors. The reduction is
mainly due to a transfer from fuels with high sulphur levels to low-sulphur fuels,
both for road traffic and heating. A tax on sulphur, introduced in 1991, has been
important in this transition.
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1 Introduction

According to Articles 4 and 12 of the United Nations Framework Convention on
Climate Change (UNFCCC), Annex | Parties are required to annually submit na-
tional inventories of anthropogenic emissions by sources and removals by sinks of
all greenhouse gases not controlled by the Montreal Protocol. The inventory sub-
mitted to the UNFCCC Parties, through the secretariat, should include emissions in
the Common Reporting Format (CRF) and a National Inventory Report (NIR).

This report constitutes Sweden’s NIR 2012. The report contains information on
Sweden’s inventories for all years from 1990 to 2010 including descriptions of
methods, data sources, uncertainties, quality assurance and quality control
(QA/QC) activities carried out, and a trend analysis. In order to ensure the trans-
parency, consistency, comparability, completeness and accuracy of the inventory,
the report contains information on inventories for all years from the base year to
the year of the current annual inventory submission.

This section presents background information on climate change and greenhouse
gas (GHG) inventories. It also contains a description of institutional arrangements
for the inventory preparation, brief descriptions of the process of inventory prepa-
ration, methodologies and data sources used and the key sources in the Swedish
inventory. Finally there is information about the progress of quality assur-
ance/quality control (OA/QC) work, the general uncertainties in the inventory and
on the completeness of inventoried emissions.

1.1 Background Information

1.1.1 Climate change

In consequence of scientific indications that human activities influence the climate
and an increasing public awareness about local and global environmental issues
during the middle of the 1980s, climate change was brought up on the political
agenda. The Intergovernmental Panel on Climate Change (IPCC) was established
in 1988 and two years later they concluded that anthropogenic climate change was
a global threat and asked for an international agreement to deal with the problem.

The United Nations started negotiations to create a framework convention on cli-
mate change (UNFCCC), which came into force in 1994. A decade later UNFCCC
had 188 member states (including EU as a part). The long-term goal is to stabilize
the amount of greenhouse gases in the atmosphere at a level where harmful anthro-
pogenic climate changes are prevented. After the UNFCCC came into force, the
framework convention has developed and every year a Conference of the Parties
(COP) is held. The most important addition to the convention was negotiated in
1997 in Kyoto, Japan. The Kyoto protocol involves binding obligations for the
Annex | countries (including all EU member states and other industrialized coun-
tries). Together the emissions of greenhouse gases in these countries should be at
least 5 % lower during 2008-2012 compared to the base year 1990 (for fluorinated
greenhouse gases it is allowed to use 1995 as a base year).
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In the spring 2002 Sweden, together with the other EU member states, ratified the
Kyoto protocol and the 16th of February 2005 it came into force. EU and its mem-
ber states uses a paragraph in the Kyoto protocol which gives them the right to,
instead of national emission objective, have a joint EU objectives of a decrease in
emissions with 8 %. Within EU the 8 is shared among the member states in accor-
dance with the burden sharing agreement*. For Sweden the agreement involves an
allowed increase in emissions of 4 %. Sweden has chosen to go beyond the EU
target. Reduced Climate Impact is one of the 16 Swedish Environmental Quality
Obijectives and is supported by long and short-term emissions targets. In 2009,
Sweden adopted a vision that in 2050 the country will have no net emissions of
greenhouse gases in the atmosphere. A comprehensive reduction strategy is set out
to 2020.

2008-2012: Swedish greenhouse gas emissions will decrease by four per cent in
comparison with 1990.

2020: Greenhouse gas emissions in Sweden (this applies to activities outside the
emissions trading scheme) will decrease by 40 per cent in comparison with 1990.

2050: The vision is for Sweden in 2050 not to have any net emissions of
greenhouse gases into the atmosphere

The objective also involve that Sweden should encourage the global work to aim at
the objective to stabilize the concentration of greenhouse gases in the atmosphere
at a level that would prevent dangerous anthropogenic interference with the climate
system.

Some of the gases in the earth’s atmosphere have an ability to absorb infrared ra-
diation (heat). They do not prevent sunlight reaching the earth’s surface and warm-
ing it, but they do trap some of the infrared outgoing radiation. Without the natural
greenhouse effect of the atmosphere, the surface of our planet would be almost
35°C colder than it is now.

Greenhouse gases (i.e. gases which contribute to the greenhouse effect) have al-
ways been present in the atmosphere, but now concentrations of several of them are
rising as a result of human activity. This is intensifying the greenhouse effect. The
IPCC sums up the cause of the climate change we have witnessed over the last 50
years by stating that it is impossible to explain other than as the result of anthropo-
genic emissions of greenhouse gases.

Apart from carbon dioxide, other greenhouse gases are being emitted in larger
guantities now than in pre-industrial times. These gases include nitrous oxide and
methane. Ground-level ozone also contributes to the greenhouse effect. The
amount of ozone forming in the lower atmosphere has increased as a result of
emissions of nitrogen oxides, hydrocarbons and carbon monoxide.

1 2002/358/EC
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Entirely new, man-made greenhouse gases that are entering the atmosphere cause
further intensification of the greenhouse effect. These include, in particular, a num-
ber of substances containing fluorine, among them HFCs (compounds of hydrogen,
fluorine and car-bon). HFCs are used instead of the ozone layer depleting CFCs
(freons) in refrigerators and other applications, and their use is on the increase.

Compared with carbon dioxide, all other greenhouse gases occur at very low con-
centrations. Per molecule, however, these substances are much more effective as
greenhouse gases than carbon dioxide, which means that they still make a consid-
erable contribution to the greenhouse effect. Furthermore, some of the fluorine
compounds have such a long atmospheric lifetime that they will contribute to the
greenhouse effect for ten thousands of years to come.

The threat of climate change is considered to be one of the most serious environ-
mental problems faced by humankind.

1.1.2 Greenhouse gas inventories

The inventory covers anthropogenic emissions of direct greenhouse gases CO,,
CH., N,O, HFC, PFC, SF; and indirect greenhouse gases NOy, CO, NMVOC and
S0O,. Indirect means that they do not contribute directly to the greenhouse effect,
but that their presence in the atmosphere may influence climate in different ways.
Ozone (O3) is also a greenhouse gas but, since it is formed by the chemical reac-
tions of nitrogen oxides, hydrocarbons and/or carbon monoxide, a separate report is
not necessary.

The obligations of the Kyoto protocol have led to an increased need for interna-
tional supervision of the emissions reported by the parties. The Kyoto protocol
therefore contains rules for how emissions should be estimated, reported and re-
viewed. Emissions of the direct greenhouse gases CO,, N,O, CH,, HFCs, PFCs and
SF¢ are calculated as CO; equivalents and added to produce a total. Together with
the direct greenhouse gases, also the emissions of NOx CO, NMVOC and SO, are
reported to UNFCCC. These gases are not included in the obligations of the Kyoto
protocol. When a method used to estimate emissions is improved, a need to recal-
culate the whole time series may arise in order to maintain consistency. This means
that data presented can be changed in the next submission.

1.1.3 Supplementary information required under Article 7, paragraph
1, of the Kyoto Protocol
Sweden provides supplementary information under Article 7 of the Kyoto Protocol
for the Land Use, Land-Use Change and Forestry sector. The inventory for Kyoto
protocol activities encompass emissions/ removals originating from the activities
Afforestation and Reforestation (AR), Deforestation (D) and Forest management
(FM) under article 3.3 and 3.4 under the Kyoto protocol, respectively. FM covers a
major part of the Swedish land area whereas ARD are quite uncommon in Sweden.
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To a large extent the KP-reporting of FM and AR harmonize with the UNFCCC-
reporting of Forest land and land converted to Forest land. Small discrepancies
occur regarding the accumulation of reported land areas as described in section 11.

In addition to the reporting of carbon pool changes, direct N,O emissions from N
fertilization and emissions from forest fires are reported under FM. Forest fires —
both natural and wildfires — are uncommon and, this far, has not been registered on
AR-land.

N,O emissions from disturbance associated with land use conversion from Forest
land to Cropland are reported under D.

1.2 Institutional arrangements

Under Article 5 of the Kyoto Protocol each party in Annex 1 has to introduce a
national system for estimating anthropogenic emissions by sources and removals
by sinks of all greenhouse gases not controlled by the Montreal Protocol by 1 Janu-
ary 2007. The national system is to be designed in compliance with UNFCCC
decision 20/CP.7. Under the terms of Decision No. 280/2004/EC of the European
Parliament and of the Council, the national system has to be in place by the end of
2005. The national system has to ensure the function of all the institutional, legal
and procedural arrangements required to calculate emissions and removals of
greenhouse gases.

The Swedish national system came into force on 1 January 2006 and its aim is to
ensure that climate reporting to the secretariat of the Convention (UNFCCC) and
the European Commission complies with specified requirements. This means,
among other things,

¢ estimating and reporting anthropogenic GHG emissions and removals in ac-
cordance with the Kyoto Protocol,

assisting Sweden in meeting its commitments under the Kyoto Protocol,

facilitating the review of submitted information,

ensuring and improving the quality of the Swedish inventory and

guaranteeing that submitted data is officially approved.

The national system ensures annual preparation and reporting of the national inven-
tory and of supplementary information in a timely manner and that the inventory
fulfills all quality criteria, i.e. is transparent, accurate, consistent, comparable and
complete.

The KP-reporting of LULUCF uses the same institutional arrangements, national
system and corresponding QA/QC procedures as for the UNFCCC reporting.

1.2.1 Legal arrangements

Ordinance (2005:626) Concerning Climate Reporting provides the basis for the
Swedish national system and describes the roles and responsibilities of the gov-
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ernment agencies in the context of climate reporting. Through this, sufficient ca-
pacity for timely performance is ensured.

There are legislations in Sweden which is not primarily intended to apply to cli-
mate reporting but indirectly supports the work by providing a basis for the estima-
tion of greenhouse gas emissions and removals. Under Chapter 26 Section 19 of
the Environmental Code (1998:808), there is an obligation for annual environmen-
tal reports to be submitted for certain environmentally hazardous activities so that
government agencies can undertake supervision.

The General Statistics Act (SFS 2001: 99) and the associated Ordinance
(2001:100) Concerning Official Statistics impose an obligation on companies and
other organisations to submit annual data. The data then serve as a basis for esti-
mating greenhouse gas emissions and removals in several sectors.

According to Directive 2003/87/EC and national Act (2004:1199) on emission
trading, emission data for plants included in the emission trading system should be
reported annually. These data are used as a supplementary source within this
greenhouse gas inventory.

1.2.2 Institutional arrangements

Sections 6-19 of the Ordinance (2005:626) Concerning Climate Reporting describe
the tasks of the government agencies in the context of the yearly inventory and
reporting activity. The illustration in figure 1.1 and table 1.1 and the associated text
below describe in broad terms which organizations are involved in the work of
compiling documentation for the yearly inventory report and for other reporting to
the European Commission and the UNFCCC. Depending on the role of the gov-
ernment agencies in climate-reporting activity, this responsibility may range for
example from supplying data and producing emission factors/calorific values to
carrying out calculations to estimate emissions or conducting a national peer re-
view (red). In addition to what is described in the Ordinance, the Swedish Envi-
ronmental Protection Agency (Swedish EPA) engages the SMED consortium as
consultants with expert skills to conduct the inventory and reporting in the area of
climate change.

35



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2012

UNFCCC EU
Agencies
Swedish Energy Agency Swedish
. e . Ministry
Swedish Transport Administration Environmental
@.

Swedish National Maritime Administration Protection N of the
Transoor . Environment

ransport Analysis Agency
Swedish Armed Forces
Swedish Chemicals Agency T
Swedish Meteorological Hydrological Institute
Swedish Board of Agriculture Consultants
Swedish University of Agricultural Science SMED
Statistics Sweden —>| IVL Swedish Envi.ronrnental Res§arch Institute
Swedish National Board of Fores SMHI Swedish Meteorological and
dwedisn ationa oara o ()ftbtf} Hydrological Institute
Swedish International Development Statistics Sweden

Cooperation Agency SLU Swedish University of Agricultural Sciences

Figure 1.1 The Swedish national system.

1.2.2.1 SINGLE NATIONAL ENTITY

The Swedish Ministry of Environment is the single national entity and has overall
responsibility for the inventory. Contact details:

Ms. Agnes von Gersdorff
agnes.von-gersdorff@environment.ministry.se
Postal adress SE 103 33 Stockholm, Sweden
telephone +46 8 405 10 00

1222 SWEDISH EPA RESPONSIBILITIES

The Swedish EPA is responsible for co-ordinating the activities for producing the
inventory, maintaining the reporting system and also for the final quality control
and quality assurance of the inventory.

The Swedish EPA sends the inventory to Ministry of the Environment and — on
behalf of the Ministry of Environment — submits the inventory to the EU and to the
UNFCCC. Finally, the Swedish EPA is responsible for national publication of the
greenhouse gas inventory.

The National inventory compiler at the Swedish EPA is Ms. Maria Lidén.

1.2.2.3 AGENCIES RESPONSIBILITIES
Agencies responsibilities according to Ordinance (2005:626) Concerning Climate
Reporting is described in table 1.1 below.
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Table 1.1. Agencies responsibilities according to Ordinance (2005:626) Concerning Climate

Reporting
Sector Data and documentation Peer review Other responsibilities
provided by conducted
by
Energy Swedish Energy Agency Swedish The Swedish Energy Agency also
the Swedish Transport Ad- Energy assists the Swedish EPA in the
ministration, the Swedish Agency (en-  work of developing documentation
Transport Agency, ergy St_actor concerning erX|bIe_ mgchanlsms
he National Maritime Admini excluding and emissions projections as well
the 'atlona aritime Admini- transports) as extracts from and information
stration Transport  @bout changes to the national
the Swedish Armed Forces Analysis register.
(transports)
Industrial Swedish Chemicals Agency  The Swedish
Processes (fluorinated greenhouse EPA (COy,
gases) CH, and N20)
Swedish
Chemicals
Agency
(fluorinated
greenhouse
gases)
Solvents Swedish Chemicals Agency  Swedish
and Other Chemicals
Product Use Agency
Agriculture  Swedish Board of Agriculture  Swedish
Statistics Sweden Board of
Agriculture
Land Use, Swedish University of Agricul- National
Land-Use tural Sciences, Statistics Board of
Change And Sweden, the National Board of Forestry
Forestry Forestry, the Swedish Mete-  gyedish
Sector orological and Hydrological Board of
!nstitute (SMHI) _and the Swed- Agriculture
ish Board of Agriculture (agriculture
related parts)
Waste Swedish EPA
Reporting The Swedish International Devel-
relating to opment Cooperation Agency (Sida)
efforts in is responsible for presenting docu-
developing mentation to the Swedish EPA.
countries
1.22.4 THE SMED CONSORTIUM

The Swedish EPA engages consultants with expert skills to conduct the inventory

and reporting in the area of climate change. During the spring of 2005, the Swedish
EPA completed a negotiated procurement of services under the terms of the Public
Procurement Act. After procurement had been completed, a framework contract
was signed with the consortium Swedish Environmental Emissions Data (SMED)?,
consisting of the Swedish Meteorological and Hydrological Institute (SMHI), Sta-
tistics Sweden (SCB), the Swedish University of Agricultural Sciences (SLU) and
the Swedish Environmental Research Institute (IVL). The contract between the
Swedish EPA and SMED runs for nine years and thus covers the whole first com-
mitment period under the Kyoto Protocol.

2 http://www.smed.se/
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SMED receives data and documentation from responsible authorities as described
above and produces most of the data and documentation in the Swedish inventory.
The regular inventory work is organized as a project involving all SMED organiza-
tions. The project is run by a project management team with one person from each
organization. The Swedish Meteorological and Hydrological Institute is main re-
sponsible for production of gridded emission data. Statistics Sweden is main re-
sponsible for the energy sector, the agriculture sector and parts of the waste sector,
but is also involved in industrial processes since these are closely connected to the
energy sector. The Swedish University of Agricultural Sciences is responsible for
the LULUCEF sector. The Swedish Environmental Research Institute is main re-
sponsible for the industrial process sector, the solvents and other products use sec-
tor and also parts of the waste sector and energy sector.

On behalf of the Swedish EPA, SMED also conducts development projects neces-
sary for improving the inventory.

1.3 Inventory planning, preparation and man-
agement

The present Swedish greenhouse gas inventory and KP-LULUCF inventory was
compiled according to the recommendations for inventories set out in the
UNFCCC reporting guidelines according to Decision 18/CP.8, the Common Re-
porting Format (CRF), Decision 13/CP.9, the new CRF for the Land Use Change
and Forestry Sector, the IPCC 1996 Guidelines for National Greenhouse Gas In-
ventories, which specify the reporting obligations according to Articles 4 and 12 of
the UNFCCC (IPCC Guidelines, 1996) as well as the IPCC Good Practice Guid-
ance and Uncertainty Management in National Greenhouse Gas Inventories (IPCC
GPG, 2000) and the IPCC Good Practice Guidance for Land Use, Land-Use
Change and Forestry (IPCC GPG-LULUCF, 2003).

It could be noted that the greenhouse gas inventory is integrated with the inventory
of air pollutants for reporting to the UNECE (CLRTAP). This assures effective use
of resources and consistency between the reporting to the UNFCCC and to the
CLRTAP.

1.3.1 Quality system

In order to fulfill the obligations of reporting to the UNFCCC and the EU, the
Swedish EPA has set up a quality system as part of the national system. The struc-
ture of the quality system follows the PDCA cycle (Plan, Do, Check, Act) illu-
strated in figure 1.2 below. This is an adopted model for how systematic quality
and environmental management activity is to be undertaken according to interna-
tional standards to ensure that quality is maintained and developed.

The quality system includes several procedures such as training of staff, inventory

planning and preparation, QA/QC procedures, publication, data storage, and fol-
low-up and improvements. All QA/QC procedures are documented in a QA/QC
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plan®. The QA/QC plan also includes a scheduled time frame describing the differ-
ent stages of the inventory from its initial development to final reporting. The qual-
ity system ensures that the inventory is systematically planned, prepared and fol-
lowed up in accordance with specified quality requirements so that the inventory is
continuously developed and improved.

Procedural Arrangements

Follow up Plan

Quality
principles

Check Do

Figure 1.2 Structure of the quality system.

The responsibilities of the Swedish EPA and the other government agencies for the
quality system are described in Ordinance (2005:626) Concerning Climate Report-
ing. Under Section 3, the Swedish EPA and other government agencies which take
part in the climate-reporting work have to ensure that the methodologies applied in
the reporting and inventories of emissions and removals attain the quality required

for it to be possible for Swedish climate reporting to be done in the correct manner
and with correct information.

The government agencies have to have internal routines to plan, prepare, check and
act/follow up the quality work and consult one another with the aim of developing
and maintaining a coordinated quality system.

The responsibility of SMED to maintain and develop an internal quality system is
described in the framework contract between the Swedish EPA and the consultants.
The SMED quality system is described in a detailed manual including several ap-
pendices.” It is updated annually and lists all quality control steps that must be
undertaken during inventory work (Tier 1 and where appropriate Tier 2). It also
includes descriptions of roles and responsibilities, of databases and models, work
manuals for each CRF category and documented procedures for uncertainty and
key source analyses, as well as procedures for handling and responding to
UNFCCC's review of the Swedish inventory. It also handles follow-up and im-
provement by procedures of non-conformity reporting and collection of improve-

3 Swedish EPA, National Greenhouse Gas and Air Pollutants Inventory System in Sweden
Manual for SMED:s Quality System in the Swedish Air Emission Inventories, available at
www.smed.se

39



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2012

ment needs from all stages of the annual inventory cycle. This results in a planning
document, which is used as a basis for planning and selecting further actions to
improve the inventory.

The illustration in figure 1.3 below shows a process description of the annual
Swedish inventory.
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apr may jun jul aug sep oct dec

Idata for the energy sector available April 15th

nov

jan

feb mar apr may jun jul aug sep oct

data for the transport sector available June 18th

data for industrial processes available

Idata for f-gases and the solvents and other products use sector available August 15th

Idata for industrial processes and waste sector available from March 31st

Idata for the agriculture sector available August 1st

Idata for the agriculture sector available April 15th

data for the LULUCF sector available July 15th

data for waste sector available

data for waste sector (some intermittent) available
development projects
decision on and approval of results from development projects

data collection, calculations and internal QA/QC

preparation of report for peer review to EPAjOctober 15th

national peer review}October 16th - October 31st

finalization of report after peer review

finalization of report after peer reviewlreport to Ministry of Environment + publishing December 15th

SEF data and documentation available January 10th

submission to EU January 15th
EU Review

SIAR data and documentation Iavailable February 15th

Figure 1.3 Overview of inventory planning, preparation and management.
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1.3.2 Training, awareness and skills

Training, awareness and skills in climate reporting are essential to maintain the
level of quality required according to specified requirements. Skills are ensured for
the Swedish EPA and the majority of the government agencies involved in the
work by the government agency being the sector government agency with staff
who have particular skills in different specialist areas.

Skills on the part of SMED are ensured in accordance with the requirements laid
down in the framework contract between the Swedish EPA and the consultants.
The levels of consultant’s skills are continuously reviewed.

1.3.3 Inventory planning (PLAN)

Planning of the inventory for submission in year x starts in the fall of year x-2
when the Swedish EPA gets the preliminary budget for year x-1. General priorities
for the coming year are set by the Swedish EPA based on

e recommendations from international review not yet implemented in the in-
ventory

recommendations from national peer review not yet implemented in the in-
ventory

key category analysis (focus on major sources/sinks)

uncertainty analysis (focus on sources/sinks that contributes significantly to
the uncertainty of the inventory)

ideas from SMED and the Swedish EPA on how to improve quality and ef-
fectiveness of the inventory

e new international and national requirements, decisions and guidelines

Priorities are distributed to SMED approximately in October.

Based on the priorities and on detailed information in the list on suggestions on
improvements (see section 1.3.8 below), SMED compiles a list of suggested devel-
opment projects for the coming years. The list of suggested development projects is
discussed between SMED and the Swedish EPA. During the winter the Swedish
EPA decides on what projects should be performed.

In January-June (approximately) SMED is working with development projects.
Reports on the results and recommendations for implementation in the inventory
are delivered to the Swedish EPA who then decides how these new me-
thods/activity data/emission factors should be implemented in the inventory. In
order to be able to implement results in the current inventory with sufficient
QA/QC, the Swedish EPA has to decide on implementation in June.

From time to time, there is a need to change data provided by responsible authori-

ties as discussed above. The Swedish EPA each year contacts responsible authori-
ties and discusses needs for updates.
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1.3.4 Inventory preparation (DO)

SMED gather data and information from various government agencies, organisa-
tions and companies over the period from April to August with the aim of being
able to carry out emission calculations. The calculations are performed in models,
statistics programs and calculation programs in April to September. Over the pe-
riod from September to October, the material is put together in a reporting format.
A short description of data collection and processing for each sector is provided
below. See sections 3-8 for a detailed description. Preparation of the inventory is
documented in detailed work documentation, which serves as instructions for in-
ventory compilers to ensure quality and consistency, and also serves as information
in the national peer review process.

1.34.1 ENERGY- STATIONARY COMBUSTION

Energy industries: Data from quarterly fuel statistics, a total survey conducted by
Statistics Sweden at plant level and by fuel type. For some petroleum refining
plants, data from the European Union Emission Trading Scheme (ETS) is used.

Manufacturing industries: Data mainly from the quarterly fuel statistics, a sample
survey conducted by Statistics Sweden. In some cases data from the industrial
energy statistics or ETS is used as a complement. All data is at plant level and by
fuel type.

Other sectors: Data from official statistical reports prepared by Statistics Sweden
at national level and by fuel type.

Activity data is multiplied by thermal values, mainly from Statistics Sweden, and
emission factors provided by the Swedish Energy Agency and the Swedish EPA.

1342 ENERGY- MOBILE COMBUSTION

Data on fuel consumption at national level and by fuel type is collected from Statis-
tics Sweden and used in combination with emissions data and fuel data from the
National Road Administration, the National Rail Administration, the Civil Aviation
Administration and the Swedish Military. Activity data is multiplied by thermal
values, mainly provided by Statistics Sweden, and emission factors provided by the
responsible authorities.

1343 ENERGY - FUGITIVE EMISSIONS

For flaring in refineries and chemical industries, activity data and CO, emissions
from ETS are used for 2005 and later. In earlier years, data was collected through
personal contacts with the facilities. Activity data and CO; emissions from hydro-
gen production in oil refineries are taken from ETS and reported under CRF 1B2al
in line with 2006 IPCC Guidelines. For non- CO, emissions, regular emission fac-
tors for stationary combustion are used.
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Activity data for transfer losses of gas works gas are taken from the annual energy
balances. Emission factors for stationary combustion are used.

Fugitive emissions from refineries and from storage of petroleum products at stor-
age depots are mainly compiled from the facilities' environmental reports. Esti-
mates of fugitive emissions from gasoline stations are calculated from fuel data
provided by the National Road Administration.

1.3.4.4 INDUSTRIAL PROCESSES

The reported data for industrial processes is mainly based on information from
environmental reports. According to Swedish environmental legislation, operators
performing environmentally hazardous activities that require a permit by law are
required to compile and send an annual environmental report to their supervisory
authority. The County Administrative Boards audit the data from the operators’
environmental reports.

The data in the environmental reports refer to emissions derived from plant specific
measurements or estimates such as mass balances. The use of default emission
factors is limited.

In some cases, when there are a large number of smaller companies within a spe-
cific sector, and all the environmental reports are not available, a combination of
information available from environmental reports and production statistics at na-
tional level is used to estimate national emissions. Emission factors used are usu-
ally derived nationally based on available information from some facilities in a
specific sector, and applied to the national level. The use of default emission fac-
tors is limited.

For most CO, emissions from industrial processes, activity data on e.g. the pro-
duced amount of clinker, limestone, etc. is collected directly from the operators. In
some cases data on CO, emissions from the European trading scheme is used for
2005 and later years. Activity data on fuels used in CO, emitting processes are
collected from the same surveys as those used for energy emissions for manufac-
turing industries, as described above.

Emissions of fluorinated greenhouse gases are estimated based on national import
and export statistics from the Swedish Chemicals Agency.

1345 SOLVENT AND OTHER PRODUCT USE

Data used for estimating emissions from solvent and other product use are based on
emission factors and national activity data obtained from the Products Register
kept by the Swedish Chemicals Agency.
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1.3.4.6 AGRICULTURE

Data on animal numbers, crop areas, yields, sales of manure, manure management
and stable periods are taken from official statistical reports published by the Swed-
ish Board of Agriculture and Statistics Sweden. Some complementary information
is collected from organisations and researchers, such as the Swedish Dairy Asso-
ciation, Swedish Poultry Meat Association, SLU and the Swedish Institute of Agri-
cultural and Environmental Engineering.

1.3.47 LAND USE, LAND USE CHANGE AND FORESTRY

Estimates presented in the LULUCF sector are mainly based on data from the SLU.
The SLU is responsible for the National Forest Inventory, which focuses on living
biomass, and for the Swedish Forest Soil Inventory, that focuses on dry organic
matter and on soil organic carbon. The two inventories are integrated and use the
same infra-structure for the field sample.

1348 WASTE

Statistics on deposited waste quantities, methane recovery and nitrogen emissions
from wastewater handling, are provided by the Swedish Association of Waste
Management (Avfall Sverige, former RVF), Statistics Sweden, the Swedish Forest
Industries Federation and the Swedish EPA. If new data on organic content in
household waste or other relevant research is published, such reports are also con-
sidered. Profu, an independent research and consultant company in the areas of
energy, environment and waste management, provides estimates of deposited or-
ganic fractions of industrial waste.

Emissions reported for waste incineration are compiled from the facilities' annual
environmental reports.

1.3.5 QA/QC procedures and extensive review of GHG inventory and
KP-LULUCF inventory (CHECK)

1351 QUALITY CONTROL

Quality control is the check that is made during the inventory on different types of
data, emission factors and calculations that have been made. The quality control
takes place according to general requirements (Tier 1) which apply to all types of
data used as support material for the reporting, and specific requirements for quali-
ty control (Tier 2) which are applied to certain types of data and/or emission
sources. In this inventory, general Tier 1 QC measures, according to Table 8.1 in
IPCC Good Practice Guidance (2000), have been carried out as follows:

Transcription errors in data input
Calculations are made correctly

Units and conversion factors are correct
Integrity of database files
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Consistency in data between source categories

Correct movement of inventory data between processing steps
Recalculations, checked and documented

Completeness check

Comparison of last submission's estimates to previous estimates
Documentation of changes that may influence uncertainty estimates

In addition, source specific Tier 2 QC procedures are carried out for several catego-
ries (Table 1.2).

All QC measures performed are documented by SMED in QC checklists for each
CREF code or group of codes. After completion of the initial compilation of the
inventory, a QC-team within SMED reviews all QC checklists. In addition, the
project management team performs checks of submission data using the functional-
ity of the CRF Reporter (i.e. checks of completeness, time-series consistency and
recalculation explanations).

Table 1.2. Source specific Tier 2 QC procedures carried out in the inventory.

CRF Action

1.A, 1.B Energy amounts  Analysis of differences between the sectoral and reference ap-

and and emissions of  proach. In order to check activity data and EF, several quality control
parts of CO» projects have been carried out over time comparing the inventory
2 data with information from environmental reports and EU ETS data.
1B Fugitive emissions Measured emissions from flaring are checked to assure that the
and flaring of CO, quality is sufficiently high. Trends for activity data and emissions are
CH4 and N,O compared and analysed.

2.A.1 Cement produc- Emissions are calculated both using the bottom-up and the top-down
tion, process method, the results have been compared and differences explained.
emissions of CO, Itis also stated that emission factors and activity data used are in

accordance with internationally accepted methods.

2.A.2  Lime production, Emissions are calculated using both the bottom-up and the top-down
process emissions method, the results have been compared and differences explained.

of COz
2.B.2  N;O-emissions Bottom-up production data could not be compared to official data
from Nitric Acid since official data for were not available in the statistical database.
production Only one company produces nitric acid. Calculation methods,
abatement technique and production capacity is based on informa-
tion achieved directly from the company.
2.C.1  Iron and steel Activity data are checked with fuel combustion data in order to avoid
production double counting of emissions or omissions. Activity data is also
compared to trade statistics. IEF are compared to IPCC default
values.

2.C.3 PFC emissions Documented process information obtained directly from the company
from aluminium enable plant-specific data checks.

production

2.F Consumption of  Differences between country specific emission factors and default
halocarbons and  emission factors from IPCC Guidelines are documented.
SFs

When the reporting tables and the NIR are completed by SMED, a quality coordi-
nator performs a final quality control before delivery of the inventory to the Swed-
ish EPA.
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1352 QUALITY ASSURANCE

Key categories should be subject to external peer review according to the Tier 2 of
the Good Practice Guidance. The Swedish QA/QC system includes national peer
reviews by sectoral authorities. The peer review is defined in the Ordinance
(2005:626) Concerning Climate Reporting and is, for all sectors, conducted by a
person who has not taken part in the inventory preparation. The Swedish EPA is
responsible for coordinating the annual peer review. This means, among other
things, ensuring that the peer reviewers have received the necessary training.

The peer review includes methodology and emissions factors used, as well as com-
parisons of activity and emission data with other national statistics. The reviewers
also identify areas for improvement, which consolidates the basis for improve-
ments in coming submissions. Results from the national peer review are docu-
mented in review reports. Recommendations from the review reports are collected
to the list of suggested improvements described in section 1.3.8.

The UNFCCC secretariat administers an international peer review of Swedish re-
porting after submission. Recommendations from the review reports are collected
to the list of suggested improvements described in section 1.3.8. See also section
10.

The 2012 submission will also be reviewed by the EU. Recommendations from this
review will be handled in the same way as recommendations from the UNFCCC
review and the national peer review.

1.3.6 Finalization, publication and submission of the inventory

The Swedish Environmental Protection Agency delivers the greenhouse gas inven-
tory and the KP LULUCEF inventory to the Ministry of Environment 20 working
days before the reporting date, which is in mid-December. At the same time, the
inventory is published nationally®.

The Swedish EPA, on behalf of the Ministry of Environment, submits the invento-
ry to the European Commission on January 15th and to the UNFCCC on April
15th. Reported data in the submission of year X relates to emissions year X-2, in
other words emissions which took place during 2010 are reported in early 2012.

1.3.7 Data storage

A system for handling emission data, entitled Technical Production System (TPS)®,
has been developed and was implemented for the first time in submission 2007. It
supports data input from text files and Microsoft Excel sheets, and provides differ-
ent types of quality gateways. For instance the system makes it possible for multi-

5
www.naturvardsverket.se
https://tps.naturvardsverket.se/
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ple users such as the SMED consortium and the national independent reviewers to
view data, plot time series and make comparisons between different years and
submissions. For all CRF categories and sub-categories, time series from 1990
onwards of emission data, activity data, and implied emission factors where rele-
vant can be presented. The system also allows for different types of data outpurt,
e.g. to the CRF Reporter or to MS Excel. Finally, TPS is used for data archiving of
each submission. For access to the TPS, login with password is requested.

The CRF-tables were generated using the export function in CRF Reporter.

In addition to TPS, documentation, data and all calculations for each submission
are stored at each organizations servers and, for collective use and archiving, at two
projects at Projectplace’. One project is for documents shared between Swedish
EPA, other involved agencies and SMED and the other project is primarily for
SMEDs use however the Swedish EPA also has access to the project. At Project-
place, all documents are stored in versions, in other words when documents are
changed a new version is automatically created. This function ensures that impor-
tant information is not lost and facilitates backtracking of changes. Login with
password is requested for access to projects at Projectplace.

1.3.8 Follow-up and improvement (ACT)

Each year, all comments received from national and international reviews that are
not already addressed and also ideas from SMED and the Swedish EPA are com-
piled into a list for suggestions on improvements. From this list, development
projects are formed each year as describes in section 1.3.3. All suggestions not
implemented one year is kept on the list for next year.

Each year, the Swedish EPA follows up on delivered data from responsible agen-
cies to ensure correct and appropriate data for next submission.

Development of TPS such as additional functions etc is organized in a similar way
as for the inventory: ldeas are compiled into a list, and from this list issues to be
implemented are prioritized.

7 .
www.projectplace.com
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1.4 Brief general description of methodologies
and data sources used

1.4.1 GHG inventory

Emission estimates are mainly based on activity data from national or official
Swedish statistics, e.g. energy statistics, European Union Emission Trading
Scheme (EU ETS)®, environmental reports®, agricultural and forestry statistics, as
well as data on production (e.g. cement) and consumption (e.g. fluorinated gases:
F-gases) obtained directly from the major producers and consumers, respectively.

Emission factors and thermal values used are either developed nationally or are
internationally recommended default factors.

The methodologies used for Sweden’s greenhouse gas emissions inventory are in
accordance with the Revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories (IPCC Guidelines)™ and, in general, in line with IPCC’s Good Practice
Guidance and Uncertainty Management in National Greenhouse Gas Inventories
(Good Practice Guidance)** and IPCC’s Good Practice Guidance for Land Use,
Land-Use Change and Forestry (GPG-LULUCF)*2. Some parts of the methodolo-
gies are taken directly from the IPCC Guidelines, the Good Practice Guidance and
the EMEP/CORINAIR Emission Inventory Guidebook (CORINAIR).* Informa-
tion from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories
(2006 IPCC Guidelines)™ is used in some parts of the inventory.

In Table 1.3, all Tier methods used, which differ from Tier methods recommended
in IPCC Guidelines or Good Practice Guidance, are presented. There is also a brief
explanation of why the recommended methods have not been used. Note that for
sectors where no specific recommendations are made in the IPCC Guidelines or
Good Practice Guidance, these sectors are not included in Table 1.3. For an over-
view of the methods used in all sectors, see Summary 3 in the CRF tables and in
each sector section, where a more detailed explanation on data sources and meth-
odologies is given.

8 See Annex 8.1

10See Annex 8'3. . . - . . .

n The IPCC Guidelines can be found at: http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm

1 The Good Practice Guidance can be found at: http://www.ipcc-nggip.iges.or.jp/public/gp/english/

13 The GPG-LULUCF can be found at: http://www.ipcc-nggip.iges.or.jp/public/gpglulucf/gpglulucf.html
The EMEP/Corinair Guidebook can be found at: http://tfeip-secretariat.org/unece.htm
The 2006 IPCC Guidelines can be found at: http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
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Table 1.3. Methods used that differ from recommended methods in the IPCC Guidelines
or Good Practice Guidance for all sectors.

Sector Used IPCC Guide- Explanation

method lines method

Tier Tier
Energy:
Emissions of CHs and 1 2 Reliable data required for Tier 2 is cur-
N2O from navigation rently not available (various engine types

etc).

Industrial processes:
Emissions of PFC 2 3 No measurements are performed, so Tier
from aluminium pro- 3 cannot be applied. The method used is
duction Tier 2.
Industrial processes:
Emissions of SFes from 2a 3 There is not enough information available
electrical insulation to perform Tier 3.
Industrial processes:
Semiconductor manu- 1 2 There is not enough information available
facture to perform Tier 2.
Waste:
N2O from waste water National 1 Sweden uses national statistics on nitro-

gen emissions. Nitrogen emissions are
only model calculated for the rural popula-
tion.

SMED has carried out the calculations. In a few cases, estimates are based on ex-
pert judgements.

The combined effect of various greenhouse gases has been calculated using global
warming potential factors (GWP). These are developed by the IPCC and are used
as a means of comparing the relative significance of various gases in terms of their
greenhouse effect, expressed as carbon dioxide equivalents.

Emission factors and thermal values for the energy sector are provided in Appendix
1.

1.4.2 KP-LULUCF inventory

The same base methodology, emission factors and data sources is used for the re-
porting of LULUCF under the KP as for the reporting under UNFCCC.

Data from the Swedish National Forest Inventory (NFI) have been used for devel-
oping the land use matrix and is consistent with the data used for developing the
land use matrix under the UNFCCC-reporting. The main difference is that activi-
ties are reported under the KP while land use categories are reported under the
UNFCCC.

The carbon pool changes associated to the activities reported under the Kyoto pro-
tocol is estimated in exactly the same way as under the UNFCCC reporting, using
the stock change method and area based sampling for most of the carbon pools.
However, the living biomass is reported separately for above-ground and below-
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ground biomass, respectively, and the Dead organic matter is reported separately
for Litter and Dead wood.

1.5 Brief description of key categories, includ-
ing for KP-LULUCF key categories

1.5.1 GHG inventory (including and excluding LULUCF)

According to Good Practice Guidance, key categories in a national inventory
should be identified in order to prioritize the efforts in improving the quality of the
inventory estimates. Key categories are defined as sources and/or sinks that have “a
significant influence on a country’s total inventory of direct greenhouse gases in
terms of the absolute level, the trend, or the uncertainty in emissions and remov-
als”. The identification of level and trend key categories is done in two tiers, tier 1
assessment and tier 2 assessment. The two tier assessments differ in the sense that
the tier 2 assessment includes information of uncertainties. According to Good
Practice Guidance, the results from the tier 2 assessment should be utilised if the
tier 2 results differ from the tier 1 results. Hence, in the Swedish inventory, the
results from the tier 2 assessment is the basis for applying and describing higher
tier methodologies and when prioritizing efforts in improving the quality of the
inventory estimates.

The resulting tier 1 and tier 2 key categories are presented in CRF table 7 and Ta-
ble 1.4. In Annex 1 the methodology is discussed in detail and corresponding
background tables, according to tables 7.Al - 7.A3 of the Good Practice Guidance
are presented.

As can be seen in Table 1.4 most tier 2 key categories are part of the tier 1 assess-
ment. A few additional categories are however identified as key due to their high
uncertainty, e.g. CH, in CRF 1.A.4.b ( Residential) and in CRF 1.A.4.c (Agricul-
ture/Forestry/Fisheries). Note that it is common that the tier 2 assessment render
fewer key categories than the tier 1 assessment.
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Table 1.4. Tier 1 and tier 2 key categories 2010 in terms of level and trend

IPCC Source Category GHG | Tier 1  [Tier 2
1.AA.1.A (Public Electricity and Heat Production) CH4 | T T
1.AA.1.A (Public Electricity and Heat Production) CO2 | LT LT
1.AA.1.A (Public Electricity and Heat Production) N20O | LT LT
1.AA.1.B (Petroleum Refining) CO2 | LT LT
1.AA.1.C (Manufacture of Solid Fuels and Other Energy Industries) | CO2 | L

1.AA.2.A (Iron and Steel) CO2 | LT

1.AA.2.C (Chemicals) CO2 | LT

1.AA.2.D (Pulp. Paper and Print) CO2 | LT

1.AA.2.E (Food Processing. Beverages and Tobacco) CO2 | LT

1.AA.2.F (Other Manufacturing Industries and Construction) CO2 | LT LT
1.AA.2.F (Other Manufacturing Industries and Construction) N20 | L L
1.AA.3.A (Civil Aviation) CO2 | LT

1.AA.3.B (Road Transportation) CH4 | T T
1.AA.3.B (Road Transportation) CO2 | LT LT
1.AA.3.D (Navigation) CO2 | LT LT
1.AA.3.E (Other Transportation) CO2 | L

1.AA.4.A (Commercial/Institutional) CO2 | LT LT
1.AA.4.B (Residential) CH4 | T LT
1.AA.4.B (Residential) CO2 | LT LT
1.AA.4.B (Residential) N20 L
1.AA.4.C (Agriculture/Forestry/Fisheries) CH4 T
1.AA.4.C (Agriculture/Forestry/Fisheries) CO2 | LT L
1.AA.5.B (Military Use) CO2 | T T
1.AA.5.B (Military Use) N20 T
1.B.2 (Oil and Natural Gas) CH4 LT
1.B.2 (Oil and Natural Gas) CO2 | LT LT
2.A.1 (Cement production) CO2 | LT

2.A.2 (Lime Production) CO2 | LT

2.B.2 (Nitric Acid Production) N20O | LT T
2.C.1 (Iron and Steel Production) CO2 | LT LT
2.C.2 (Ferroalloys Production) CO2|T

2.C.3 (Aluminium production) PFC | T T
2.F.1 (Refrigeration and Air Conditioning Equipment) HFC | LT LT
4.A (Enteric Fermentation) CH4 | LT LT
4.B (Manure Management) CH4 | LT

4.B (Manure Management) N20O | LT LT
4.D.1 (Direct Soil Emissions ) N20O | LT LT
4.D.2 (Pasture, Range and Paddock Manure) N20 | L LT
4.D.3 (Indirect Emissions ) N20O | LT LT
4.D.4 (Agricultural Soils. Other) N20 | L LT
5.A (Forest Land) CO2 | LT LT
5.B (Cropland) CO2 | LT LT
5.B (Cropland) N20 T
5.C (Grassland) CO2 | LT L
5.E (Settlements) CO2 | LT LT
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6.A (Solid Waste Disposal on Land) CH4 | LT LT
6.B (Wastewater Handling) CH4 | L L
6.C (Waste Incineration) co2|T

L Level. T Trend.

1.5.2 KP-LULUCEF inventory

The key category assessment for KP-LULUCEF is found in section 11.6.1.

Carbon dioxide emissions for land use categories Forest land, Cropland, Grassland
and Settlements are considered key categories under the UNFCCC. Emissions
under categories 51, 51V and 5V are never identified as key categories for any gas
under the UNFCCC. Under the UNFCCC, 5111 N,O emissions from land use con-
versions to Cropland was identified as a key-category for trend including uncer-
tainty.

Activities Forest management, Afforestation/ Reforestation and Deforesta-
tion were considered key-categories (CO,). Part of 5111 N,O emissions from land
use conversions to Cropland corresponds to D from Forest to Cropland. However,
this category was not identified as key-category because most of the emissions
under the UNFCCC refer to land use conversions from Grasslands to Cropland and
due to a “conservative” high assumed uncertainty (100%). Every key category is
estimated using higher tiers.

1.6 Information on QA/QC

See section 1.3.

1.6.1 QA/QC Procedures
See section 1.3.5.

1.6.2 Verification activities
See section 1.3.5.

1.6.3 Treatment of confidentiality issues

In the inventory, several data sources are confidential at micro level (e.g. plant
level). This is for example the case for statistical surveys of fuel consumption used
in Energy (CRF 1) and data from the Products Register at the Swedish Chemicals
Agency used in Solvent and other product use (CRF 3). Results published in the
inventory are aggregated, and because of this no confidentiality issues remains in
the CRF or in the NIR.

1.7 General uncertainty evaluation

1.7.1 GHG inventory

An uncertainty analysis has been performed according to the Tier 1 method, de-
scribed in detail in Annex 7 and Good Practice Guidance section 6.3.2. The analy-
sis has been performed both including LULUCF and excluding LULUCF. Accord-
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ing to the IPCC Guidelines, uncertainty estimates are an essential part of an emis-
sion inventory. They should be derived for each variable used in the inventory
(measured emissions, activity data and emission factors) and aggregated into un-
certainty estimates in total national emissions and emission changes over time
(trends). The 2006 IPCC Guidelines identify that: ““An uncertainty analysis should
be seen, first and foremost, as a means to help prioritise national efforts to reduce
the uncertainty of inventories in the future, and guide decisions on methodological
choice”.

During 2005, a SMED study was performed, aiming at improving the transparency
and quality in the present uncertainty estimates in the Swedish National Green-
house Gas Inventory by making the underlying documentation and structures for
uncertainty estimates more consistent and traceable. This will facilitate easier rep-
lication and updating of results as well as enable internal and external reviews of
assigned uncertainties. To simplify the methodology, there have not been any ad-
justments for correlation between gases, even though many of them have the same
activity data and therefore are correlated. The study is described in Annex 7 and in
detail in a SMED report.*®

The Good Practice Guidance Tier 1 method is based on emission estimates and
uncertainty coefficients for activity data and emission factors. The analysis was
done for the sectors Energy, Industrial Processes, Solvent and Other Product Use,
Agriculture, LULUCF and Waste. Uncertainty coefficients have in many cases
been assigned based on expert judgement or on default uncertainty estimates pro-
vided in the Good Practice Guidance, since not enough background data was avail-
able to make actual statistical uncertainty calculations. Hence, care should be taken
when interpreting and assessing the uncertainty results.

Uncertainty estimates have been performed for the base year 1990 and 2010 for
direct greenhouse gases, e.g. CO,, CH,, N,O and F-gases and are presented as 95%
confidence intervals.

When reporting the results in the NIR, uncertainties are presented on the same
aggregation level as the key categories. The purpose is to facilitate combined use of
the two analyses, since both aims at showing what parts of the inventory are espe-
cially important and/or weak. This is very important information when planning
future inventories and, above all, using and evaluating the inventory results.

The 2005 study did not include improvement of single uncertainties, for instance
by contacting external experts for better information on uncertainties on different
sources. Further work considering uncertainties will focus on such improvements.

5 Gustafsson, 2005
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In conjunction with the tier 1 uncertainty calculations of emission levels for 1990
and 2010, uncertainty introduced to the trend 1990-2010 is calculated following the
IPCC tier 1 method.

1711 RESULTS

The results of the uncertainty calculations according to the tier 1 uncertainty ap-
proach are presented in Annex 7. The overall uncertainty for 2010 GHG emissions
(in CO; equivalents) in Sweden is calculated to be +4.1%, excluding LULUCF
(Figure 1.4). The overall uncertainty largely stems from uncertainty in the agricul-
tural sector (CRF 4). The national estimated uncertainty neither include correc-
tions for the correlation that may exist between gases (i.e. based on the same activ-
ity data), nor include corrections for non-reported sources. Therefore, the actual
uncertainty of the estimated emissions per compound and of the aggregated green-
house gas emissions will be somewhat different.

As can be seen in Figure 1.4, when including LULUCF in national total emis-
sions the uncertainty is higher (£25%), and this is an effect of large and relatively
uncertain carbon sinks.
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Figure 1.4 Uncertainty estimates, as 95% confidence intervals, in national total emissions

(excluding and including LULUCF) and by sector.

Table 1.5 shows the ten sources with the largest uncertainty contributions in the
Swedish inventory for 2010, excluding LULUCF.
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Table 1.5. The ten sources with the largest uncertainty contributions in the Swedish in-
ventory for 2010, excluding LULUCF.

Year 2010
emissions Emission Contribution
or remov- Activity | factor un-| Combined| to variance
als (Gg | data uncer- certainty | uncertainty | in year 2010
IPCC Source Category GHG | CO2-eqv)| tainty (%) (%) (%) (%)
4.D.1 (Direct Soil Emissions ) | N20 2482 15 66 67 38
4.D.4 (Agricultural Soils.
Other) N20 687 35 150 154 15
4.D.3 (Indirect Emissions ) N20O 830 28 122 125 15
6.A (Solid Waste Disposal on
Land) CH4 1279 25 50 56 7
1.AA.3.B (Road Transporta-
tion) CO2 18962 2 3 3 5
4.D.2 (Pasture, Range and
Paddock Manure) N20 406 35 150 154 5
1.AA.1.A (Public Electricity
and Heat Production) CO2 10014 6 6
4.A (Enteric Fermentation) CH4 2713 11 11
1.AA.2.F (Other Manufactur-
ing Industries and Construc-
tion) CO2 4564 6 3 6
1.AA.4.B (Residential) CH4 293 14 99 100

It could be noted that estimated overall uncertainty in submission 2011, excluding

LULUCF, was + 6.3 % for year 2009, i.e. higher than the estimated overall uncer-
tainty for year 2010 in submission 2012. This is mainly due to somewhat different
assumptions regarding correlations between emission factor uncertainties. The
uncertainty of the trend of national total greenhouse gas emissions excluding
LULUCF was + 2.1 % (compared to £ 2.2% in submission 2011). The uncertainty
in the trend is a percentage point range relative to the inventory trend and should be
interpreted as + 2.1% to the estimated percentage difference between total GHG
emissions 1990 and 2010, i.e. there is a 95% probability that the decrease in GHG
emissions in Sweden 1990 to 2010 is between 6.9 % and 11 %.

1.7.2 KP-LULUCF activities

Estimates of carbon stock changes are based on the same underlying data as the
reporting under the UNFCCC. These estimates originate mainly from a sampling
design with the intention to keep systematic errors as low as possible. The system-
atic error is reduced by using representative functions, by direct measurements in
field and laboratory measurements. We assume that the major source of uncertainty
arises from random variation due to sampling. The sampling error is estimated
using statistical theory for living biomass and partly for other carbon pools (all Tier
3). A consistent methodology for estimating carbon pools has been used from 1990
and onwards. Therefore, we expect the uncertainty to be the same for all years
where all sample units are used to estimate the annual change. The uncertainties for
other categories are based on expert judgment.
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1.8 General assessment of completeness

In the following section the completeness of the GHG inventory and the KP-
LULUCEF inventory is described.

1.8.1 GHG inventory

The inventory covers emissions and sinks in Sweden. All greenhouse gases are
covered. The general completeness for each sector is discussed below. Detailed
information is presented in Annex 5.

1811 ENERGY

Estimated emissions are considered to be complete for most sources. Emissions of
CH, and N,O from liquid bio fuels used in military transportation are however not
estimated. There might also still be some lack in completeness as regards in-house
generated fuels in the chemical industry and in smaller companies.

1.81.2 INDUSTRIAL PROCESSES

For most sources, and particularly for the most important ones, the estimates are in
accordance with the requirements concerning completeness as laid out in the Good
Practice Guidance. However, some exceptions do exist. These are primarily in sub-
sectors with a large number of smaller facilities with minor emissions.

Data is complete for all greenhouse gases, possibly with the exception of CH,
for a few sources, e.g. within the chemical industry.

1.81.3 SOLVENT AND OTHER PRODUCT USE

The estimated emissions from solvent and product use are considered to be com-
plete, since a new method was developed during 2005 in order to obtain all activity
data concerning the sector from the Products register at the Swedish Chemicals
Agency.

The estimated emissions of N,O are also considered to be complete, since na-
tional data from the Products register is used in the inventory.

1.81.4 AGRICULTURE

All relevant agricultural emissions and sources are reported in the inventory. Rein-
deer, which are normally not considered as a part of the agricultural sector, are
included in the inventory. The majority of the country’s horses does not belong to
farms, but are included in the agricultural sector of the inventory. There are, how-
ever, some marginal animal groups, which are not included, such as fur-bearing
animals (minks, foxes and chinchillas). These groups are very small and there is no
methodology developed for estimating their GHG emissions.

All sales of fertilizers are included in the inventory, also quantities used in
other sectors. N-fixing crops used in temporary grass fields, and sludge used as
fertilizer is also included. This means that all anthropogenic inputs to agricultural
soils are covered.
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1.8.1.5 LAND USE, LAND USE CHANGE AND FORESTRY

All land areas are inventoried in the field except high mountains, military impedi-
ments and urban land. We believe that their relative importance for the Swedish
GHG inventory is small.

The inventory of the LULUCF-sector is complete in the sense that all carbon
pools and other sources, defined based on the IPCC GPG for LULCUF, are re-
ported for land use categories that are considered managed.

The reporting of woody biomass stocks refers to above and below ground parts
of trees taller than 1.3 m. Other vegetation such as shrubs and herbs are not re-
ported. Emissions/removals from below ground biomass of dead stump systems are
from this submission included in the dead organic matter pool.

1.81.6 WASTE

The effects of possible leakage of methane and nitrous oxide from the wastewater
treatment processes have not been estimated. All other data are complete.

1.8.2 KP-LULUCF

Sweden has elected the activity Forest management (FM) under Article 3.4 of the
Kyoto Protocol (KP). All carbon pools as well as associated mandatory activities

(such as fertilization of forest land, biomass burning and conversion to cropland)

are reported for activities under article 3.3 and under FM.
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2 Trends In greenhouse gas
emissions

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

Total greenhouse gas emissions in Sweden, calculated as carbon dioxide equiva-
lents, totalled 66.2 million tonnes (excl. LULUCF) in 2010. Aggregated green-
house gas emissions varied over the period but in all cases were below the 1990
level during the period 1999-2010. Emissions decreased by 6.5 million tonnes or
9% between 1990 and 2010. The uncertainty in the trend is a percentage point
range relative to the inventory trend and should be interpreted as + 2.1%. The trend
in emissions from 1990 is a result of decreasing emissions from the residential and
service sector, the agriculture sector and the waste sector and since 2007 the emis-
sions from the transport sector have started to stagnate. Between 2003 and 2009,
emissions have decreased every year compared to the previous year but in 2010 the
emissions increased instead compared to 2009.

In 2010 the emissions increased compared to 2009 due to very cold weather and
due to the recovery in the industry from the economic downturn. The cold winters
in 2010, both in the beginning and in the end of the year, increased the need for
heating. In combination with lower nuclear production than normal this led to in-
creased use of fossil fuels in the electricity and heat production. During the autumn
of 2008, an economic downturn began which was deepened during 2009 and has
affected a number of sectors. The recession has led to that many industrial sectors
have reduced production considerably, with diminished emissions in 2009 as a
consequence. In 2010 most of the industries have started to recover from the eco-
nomic downturn. However, the emissions from most of the industries are still be-
low the 2008 level.
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Figure 2.1 Total emissions of all greenhouse gases calculated as CO2 equivalents from the dif-
ferent sectors.

The Land Use, Land-Use Change and Forestry sector (LULUCF) resulted in annual
net removals in Sweden during the period 1990-2010. The size of the sink varied
over the period. The net removals in 2007-2010 may however be revised somewhat
in the coming years due to the methodology used.
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Figure 2.2 Total net removals and emissions from land use, land use change and forestry
(LULUCF), calculated as CO2 equivalents.

GDP growth averaged around 2% over the period 1990-2010. The GDP was falling
at the start of the 1990s, but has been increasing by an average of around 3% per
year since 1994, except 2008 and 2009, when growth fell by 0.5% and 5% respec-
tively. GDP in 2010 increased by around 5%. Despite economic growth of around
50% between 1990 and 2007, emissions of greenhouse gases have still been able to

60



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2012

be reduced. Even per capita emissions of greenhouse gases (excl. LULUCF) have
gone down, from 8.5 tonnes per person in 1990 to 7 tonnes per person in 2010.

2.1.1 Sweden’s commitment under the Kyoto Protocol and the EU
Burden Sharing Decision

According to Sweden’s commitment under the Kyoto Protocol and the EU burden
sharing decision, Sweden’s greenhouse gas emissions must not exceed 104% of the
emissions in the base year. The base year is 1990 for all emissions except fluori-
nated greenhouse gases, for which it is 1995. The base year’s emissions were 72.2
million tonnes carbon dioxide equivalents, when the assigned amount was estab-
lished. The assigned amount for Sweden is calculated to 75 million tonnes per year
as an average (Assigned Amount Units (AAU)). In addition, Sweden can also
credit itself with a net removal of carbon dioxide of a maximum 2.13 million ton-
nes per year (Removal Units (RMU)), according to article 3.3 and 3.4 in the Kyoto
Protocol. This means that Sweden’s emissions of greenhouse gases will be allowed
to comprise a maximum of 77.13 million tonnes per year on average for 2008-12.
Of these emission allowances, an average of approximately 22.3 million tonnes per
year has been allocated within the EU emissions trading scheme.

Total greenhouse gas emissions in 2010 were 66.2 million tonnes of carbon dioxide
equivalents in Sweden. The allocation for the trading sectors were 23.5 million
tonnes in 2010 and the emissions from sectors outside the trading scheme were
43.6 million tonnes carbon dioxide equivalents. This means that the total emissions
in Sweden in 2010 were around 13% below the assigned amount, including the net
effect of allocation to the EU ETS and the carbon sink. This suggest that Sweden
will meet its commitment. The national surplus of Assigned Amount Units and
Removal Units was around 10 million tonnes in 2010. The corresponding surplus
in 2008 was around 12.8 million tonnes and 12.8 million tonnes in 2009. It is not
yet decided what to do with the surplus of AAU:s, if it should be cancelled, saved
or sold. Note that these figures are uncertain and only preliminary since the final
calculations on target fulfilment will be made in 2014.

Mt CO2-eq. 2008 2009 2010
Non EU ETS Emissions 43.5 42.2 43.6
EU ETS Verified emissions 20.1 17.5 22.7
Allowances EU ETS 20.8 22.1 23.5
Total emissions 63.6 59.7 66.2
Total emissions incl. net effect of EU ETS 64.3 64.3 67.1
Assigned amount incl LULUCF 77.13 77.13 77.13
Emissions incl. effect of EU ETS and LULUCF relative to Assigned -17% -17% -13%
Amount
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2.1.2 Sweden’s commitment for the non-ETS emissions according to
the Effort Sharing Decision

Sweden’s commitment for the sectors outside the EU Emissions Trading Scheme
according to the EU’s Climate and Energy Package is that emissions have to de-
crease by 17% between 2005 and 2020. The Swedish target according to the 2009
climate policy resolution of the Swedish Parliament is for emissions by non-trading
sectors to decrease by 40% or around 20 million tonnes between 1990 and 2020 (of
which one third can be reduced by emission reductions in other countries). This is
equivalent to a decrease of 33% between 2005 and 2020. Emissions from the non-
trading sectors totalled 46.3 million tonnes in 2005 calculated with the same scope
of the trading scheme as in 2008-12 (including aviation). Emissions totalled 43.6
million tonnes in 2010, which is a decrease of 6% compared with 2005. The eco-
nomic downturn led to far lower emissions in 2009, but most of the decrease has
taken place in those sectors that are included in the EU Emissions Trading Scheme.
Also the increase in 2010 has mainly taken place in those sectors that are included
inthe EU ETS.

Mt CO2-eq. 2005 2008 2009 2010 2005-2010
(scope (%)
2008-12)

Non EU ETS 46.3 43.5 42.2 43.6 -6%

EU ETS 21.1 20.1 175 22.7 8%

Total emissions 67.4 63.6 59.7 66.2 -2%

2.1.3 Overview of emissions trends per sector

Emissions of greenhouse gases from different sectors of society developed in dif-
ferent directions over the period from 1990 to 2010. The greatest reductions in
emissions over the period 1990-2010 took place in the residential and service, agri-
culture, waste and some industrial sectors. Increases in emissions occurred princi-
pally in the transport sector and in certain industrial sectors. The emissions were,
however, reduced or moderated in a number of sectors in 2008-2009 as a conse-
guence of, among other things, the economic downturn that began in the autumn of
2008 and the increased share of renewable fuels and reduced fuel consumption in
the transport sector. The industrial sectors have consequently increased their emis-
sions again in 2010 compared to 2009 following the economic recovery.

62



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2012

Mt CO,-eq.
25
20 —— =
15 A
et A e
10 % D\H—H\H_'L o
5 T e X
0
o i N [s2) < [T © N~ [ce) [*2] o - N ™ < o © ~ [ce) (2] o
[2] [2] (2] [e2] (2] (2] (2] [e2] (2] (2] o o o o o o o o o o —
(o)) [o)] (o] [e2) [e2) [e2) [e) [e)) (o)) (o)) o o o o o o o o o o o
— — — i i i - - - - N N N N N N N N N N N
Transport —=&— Energy industries Manufacturing industries
—— Other Sectors Agriculture —=e— Industrial processes

Waste

Solvent and other product use

Figure 2.3 Total emissions of all greenhouse gases calculated as CO»-equivalents by sectors.

2.2 Description and interpretation of emission
trends in relation to gas

In 2010, emissions (excl. LULUCF) of carbon dioxide totalled 52.9 million tonnes,
which is equivalent to almost 80% of aggregated greenhouse gas emissions. Emis-
sions of methane were 5.3 million tonnes of carbon dioxide equivalents and ac-
count for just over 8% of emissions, while emissions of nitrous oxide totalled 7.0
million tonnes, equivalent to almost 11%. Only almost 2% or 1.1 million tonnes of
carbon dioxide equivalents out of the aggregated greenhouse gas emissions were
emissions of fluorinated greenhouse gases. The share of different greenhouses
gases was roughly the same over the period 1990-2010.

2010

2%

Carbon dioxide

W Methane
W Nitrous oxides

M Fluorinated greenhouse gases

~—80%

Figure 2.4 Greenhouse gas emissions by gas (2010).
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2.2.1C0O2

In 2010, total carbon dioxide emissions in Sweden totalled 52.9 million tonnes,
excl. LULUCF. 51% of carbon dioxide emissions came from the energy sector,
39% of carbon dioxide emissions came from the transport sector and the remaining
10% came from industrial processes, solvent and other product use and waste.
Emissions were 7% lower in 2010 than in 1990, and it is the energy sector that has
shown the greatest reduction.

CO, (Mt CO,-eq.)
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Figure 2.5. Total emissions of CO, from different sectors.

2.2.2 CH4

Emissions of methane come primarily from agriculture and landfills, but around
13% is emitted in the energy and transport sector and from industrial processes.
Emissions of methane, excl. LULUCF, totalled 252 ktonnes in 2010, which is
equivalent to 5.3 million tonnes calculated as carbon dioxide equivalents or 8% of
total greenhouse gas emissions. Emissions have fallen by 26% since 1990, largely
due to measures taken in the waste sector.
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Figure 2.6 Total emissions of CH, from different sectors, calculated as CO2-equivalents.

2.2.3 N20O

In 2009, emissions of nitrous oxide totalled 23 ktonnes or 7 million tonnes of car-
bon dioxide equivalents (excl. LULUCF). All sectors produce nitrous oxide emis-
sions, but the emissions came chiefly from the agriculture sector, which accounted
for 68% of emissions. Compared with 1990, emissions have decreased by 15%,
and it is primarily emissions from the agriculture sector that account for the de-
crease.
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Figure 2.7 Total emissions of N,O from different sectors calculated as CO,-equivalents.

65



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2012

2.2.4 Fluorinated greenhouse gases

Emissions of fluorinated greenhouse gases (F-gases) are reported in the industrial
processes sector. Total emissions of fluorinated greenhouse gases in 2010
amounted to 1.1 million tonnes calculated as carbon dioxide equivalents and ac-
count for almost 2% of total emissions. Emissions increased by 121% between
1990 and 2010.

Emissions of HFCs increased in particular, from just under 4 ktonnes of carbon
dioxide equivalents in 1990 to 849 ktonnes in 2010. PFCs emissions, on the other
hand, have decreased. In 1990 emissions of PFCs amounted to 377 ktonnes of
carbon dioxide equivalents, and in 2010 they had fallen to around 158 ktonnes.
Emissions of SFgvaried between 1990 and 2010. In 1990 they totalled 107 ktonnes
and in 2010 they amounted to 73 ktonnes of carbon dioxide equivalents.

Mt CO,-eq.

1.4

O oI N OO I W O I~ 00 O O O o MO g 1 ©O© N~ 0 o O
D O O O O O O 0O O O O O O O O O O o o o
D O O O O O O O )] o o O O O o o o o
— o H A Hd H  d Hd Hd 4 NN NN NN NN NN NN

OHFCs BPFCs OSF6

Figure 2.8 Total emissions of SFs, PFC and HFC, calculated as COz-equivalents

2.3 Description and interpretation of emission
trends in relation to source

The emissions from the transport and industry sectors account for a considerable
part of the total emissions in Sweden beside the emissions from energy industries
and energy use. In 2010 the emissions from the energy sector, excluding transport,
made up 43% of total greenhouse emissions, in which the energy industry ac-
counted for 20%, industrial combustion for 15%, the residential and service sector
for 6% and fugitive emissions and other for 2%. Domestic transport accounted for
31% of total greenhouse gas emissions, agriculture for 12%, industrial processes
for 10%, the waste sector for 3% and the use for solvents and other products for
0.5%.
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Figure 2.9 Greenhouse gas emissions by sector (2010).

2.3.1 Energy excluding transport

Emissions of greenhouse gases by the energy sector amounted to 28.6 mil-
lion tonnes of carbon dioxide equivalents in 2010, which is equivalent to
43% of total emissions. Carbon dioxide emissions dominate emissions by
the energy sector, while emissions of methane and nitrous oxide are small.

Emissions by the energy sector include emissions from the production of
electricity and district heating, refineries, manufacture of solid fuels, indus-
trial combustion, fugitive emissions, other and the residential and service
sector, including combustion in agriculture, forestry and fisheries

Emissions by the energy sector vary depending on temperature and precipi-
tation conditions, the state of the economy and also on instruments that have
been changed since 1990. But the trend over the period 1990-2010 was for a
slight reduction in emissions. In comparison with 1990, emissions were 17
% lower in 2010 and the decrease is principally due to the use of oil for
heating in the residential and service sector having declined and district
heating being increasingly based on biomass fuels.

Calculated in terms of carbon dioxide equivalents, total emissions from
electricity and district heating production amounted to 10.6 million tonnes,
from refineries to 2.2 million tonnes and from industrial combustion to 10.1
million tonnes in 2010. The emissions of the residential and service sector
of 4.2 million tonnes include emissions from combustion in the residential
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and service sector and combustion in agriculture, forestry and fisheries.
Fugitive emissions from fuels come, for instance, from refineries and
amounted to almost 1 million tonnes in 2010 and emissions from other were
0.2 million tonnes.

Increases in greenhouse gas emissions can be seen between 2009 and 2010
in almost all subsectors in the energy sector. Underlying causes are the re-
covery of the economy and increased need for heating due to colder
weather. The increase due to colder weather has been analyzed with a nor-
mal-correction calculation method, which under some uncertainties, give the
result that normal-corrected emissions from heating and electricity produc-
tion are fairly similar during 2008-2010. The fact that the cold weather has
had such a large impact on the emissions of electricity production is due to a
number of coinciding factors. Simultaneously with the cold weather there
has e.g. been low production in the nuclear power plants and new natural
gas capacity has been built.
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Figure 2.10 Emissions of all greenhouse gases from the Energy sector, total and by subsector.

2.3.1.1 CARBON DIOXIDE FROM THE ENERGY SECTOR, EXCLUDING
TRANSPORT

2.3.1.1.1 Electricity and heat production
Emissions of carbon dioxide from the production of electricity and district
heating totalled around 10 million tonnes in 2010, which was higher than
the level as in 1990 and the second highest amount during the time series,
except for 1996.

Temperature and precipitation conditions, which vary between years, have
an impact on hydropower production and heating needs in individual years
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and thus lead to a variation in emissions between years. This is illustrated by
the high emissions in 1996, which was a cold and dry year, and by the low
emissions in 2000, which was a warm year with heavy precipitation and
thus good availability of hydropower.

During the period 2000-2010 the variation in emissions is smaller. This may
be due to the integration of the Swedish electricity network in the Nordic
electricity network and that the capacity in electricity transfer increased to
other countries outside the Nordic countries. Therefore the deficient produc-
tion of hydropower in 2003 was offset by imports of electricity while short-
age of hydropower in 1996, which was another year of low hydropower
production, was partially offset by increased oil condensing production.

Emissions are also affected by the increase in iron and steel production
which has taken place since 1990, as residual gases from this industry are
used to produce electricity and district heating.

During the period 1990-2010, the use of district heating increased from 41
TWh in 1990 to 60.2 TWh in 2010. On the other hand, emissions have not
increased significantly as the expansion has principally taken place through
increased use of biomass fuels. Use of biomass fuels, peat and waste in 1990
totalled 10.4 TWh, and it had risen to 46.6 TWh in 2010 at the same time as
the use of oil and coal decreased. Energy and carbon dioxide taxes have,
among other things, contributed to this trend.

Both 2009 and 2010 were notable for an upturn in combustion in combined
heat and power and in conventional thermal power. Electricity demand was
higher in 2010 than in 2009 mainly due to increased heating demand due to
cold weather. Electricity demand in industry was higher than in 2009 but
lower than all other years since 2000. In other Nordic countries there was
also high electricity demand. Swedish nuclear reactors had lower production
in both 2009 and 2010, lower than they have had for several decades due to
unforeseen shutdowns in connection with renovation and modernisation.
Inflow to reservoirs during the year was normal in 2010, but reservoirs were
lower than average in the beginning of the year when it was cold. Some net
importing of electricity took place in 2010 in Sweden (2 TWh) as well as in
the Nordic countries. Wind-power production continued to increase sharply.
The increase has been 370 % during the last 5 years. The fact that produc-
tion of biomass fuel-based combined heat and power was higher than in
previous years in 2010 is in part due to the electricity certificates system,
which improves the profitability of renewable electricity production. The
weather in 2010 resulted in a higher heating demand than the previous years
since 1985. The increasing heating demand affected both district heating
and electric heating. Combustion of natural gas for production of electricity
and district heating has also increased significantly between 2008 and 2010.
All together these factors lead to higher emissions of carbon dioxide from
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both electricity and district heating in 2010 compared to the emissions in
20009.

2.3.1.1.2 Refineries

Production of refined products increased in Sweden during the period, lead-
ing to an increase in carbon dioxide emissions from the refineries from 1.8
million tonnes in 1990 to 2.1 million tonnes in 2010 or almost 20%. The
emissions were marginally higher in 2010 than in 2009. The emissions from
refineries are also reported in the fugitive emissions sector and in 2006-2009
the total emissions from refineries were higher than the previous years as a
new installation was started. Emissions were higher in 2008 than for 2007;
however the increase was mostly due to a substantial plant shutdown in
2007 for purposes of performing maintenance repairs.

2.3.1.1.3 Other Sectors

Emissions of carbon dioxide in 2010 were 3.6 million tonnes in the residen-
tial and service sector including combustion in agriculture, forestry and
fisheries. This is a decrease of 65% in comparison with 1990. The reduction
is due to emissions of carbon dioxide from houses and commercial premises
having dropped from almost 8.8 million tonnes in the year 1990 to almost
1.9 million tonnes in the year 2010 in consequence of a switch from oil to
district heating and in recent years also to heat pumps and pellet-fired boil-
ers.

The total use of fossil fuels strongly decreased during the period 1990-2010.
Though the emissions in 2010 increased slightly from 2009 due to colder
weather and increased heating demand. 2010 was 14 % colder than a “nor-
mal” year.

In 2009, only approximately 1.5% of detached, semi-detached and terraced
houses had oil as their sole source of heating in 2008 while the proportion of
houses with combined heating systems in which oil were used was 1%. The
positive trend is principally due to energy and carbon dioxide taxes, rising
oil prices and investment grants for connection to the district-heating net-
work. The trend in energy consumption for heating per unit of floor space
area in recent years has decreased for houses as well as for commercial
premises and apartment blocks. The conversion losses originating from en-
ergy use in the sector have also been somewhat reduced. Causes may be
energy efficiency improvements and increased use of heat pumps. Another
contributing factor to the favourable development has been the warm
weather in several years.

At the same time as carbon dioxide emissions in homes and commercial
premises are falling sharply, emissions from energy use in agriculture, for-
estry and fisheries are increasing slightly and totalled 1.7 million tonnes in
2010. Emissions increased by 6% between 1990 and 2010.
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2.3.1.1.4 Manufacturing industries
Carbon dioxide emissions from industrial combustion were around 9.6 mil-
lion tonnes in 2010. Emissions in 2010 were 16% lower than in 1990, but
they have varied upwards and downwards over the years, principally due to
economic fluctuations and the difference in relative prices between electric-
ity and oil. A small number of energy-intensive industries account for a
large proportion of carbon dioxide emissions in the sector. The iron and
steel industry, the pulp and paper industry and chemical industry account for
almost equal shares in the emissions — 18%, 15 % and 13% of emissions.

There is a downward trend in emissions between 2002 and 2010, principally
due to reduced emissions from the pulp and paper industry caused by fuel
substitution. The decreases were greater in 2008 and 2009 during the eco-
nomic recession, but in 2010 both production volumes, energy demand and
carbon dioxide emissions increased again.

Viewed over a longer period from 1970 on, industry has reduced its use of
oil and increased its use of electricity. Between 1990 and 2010 the use of oil
decreased by 32% Specific oil use (kWh per added value at 2000 prices)
and specific electricity use also decreased over the period 1990-2010, by
70% and 55% respectively.

2.3.1.1.5 Fugitive emissions and Other
Emissions from the fugitive emissions sector come for example from refin-
eries. Emissions were 0.9 million tonnes of carbon dioxide in 2010. Emis-
sions from “Other” (principally military emissions) decreased between 1990
and 2010 and totalled 0.2 million tonnes of carbon dioxide in 2010.

2.3.1.2 EMISSIONS OF METHANE AND NITROUS OXIDE FROM THE ENERGY
SECTOR

Only a small proportion of emissions from the energy sector are emissions
of methane and nitrous oxide. Almost 5 % of emissions from the energy
sector are emissions of nitrous oxide, and approximately 2% are emissions
of methane.

Methane emissions from the energy sector excl. transport have increased by
57% between 1990 and 2010. The increased emissions are principally due to
increased use of biofuels in the residential and service sector and in the pro-
duction of electricity and district heating. Almost two-thirds of emissions
originate from the residential and service sector, including energy use in
agriculture. The greatest percentage increase has however happened within
the electricity and district heating where emissions sharply increased.

Nitrous oxide emissions have increased with 14% between 1990 and 2010
due to the last years increase in combustion in the energy sector.
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2.3.2 Transport
Greenhouse gas emissions from domestic transport totalled 20.7 million tonnes of
carbon dioxide equivalents in 2010, which is 7.5% higher than the 1990 level.
However, the trend has stagnated somewhat since 2005. Greenhouse gas emissions
2010 from road traffic were 19.1 million tonnes, from domestic aviation 0.5 mil-
lion tonnes, from domestic navigation 0.7 million tonnes, from railways 0.1 million
tonnes and from other machinery 0.3 million tonnes.
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Figure 2.11 Emissions from the transport sector, total and per subsector

2.3.2.1 EMISSIONS OF CARBON DIOXIDE FROM THE TRANSPORT SECTOR

Carbon dioxide from road traffic accounts for the greatest share of the transport
sector’s greenhouse gas emissions and totalled 19 million tonnes in 2010, which is
9.6% higher than 1990 emissions. Emissions increased from 1990 to 2005 before
stagnating and then decreasing somewhat as a result of an increased share of re-
newable fuels and reduced fuel consumption in combination with the economic
downturn in 2008-2009.

The increase up to the mid-2000s followed the increase in traffic and transport
mileage. It was principally transport mileage with heavy duty vehicles and to some
extent with light duty vehicles that increased. There was insignificant improvement
in energy efficiency in vehicles during this period. The proportion of diesel-
powered light duty vehicles has increased continuously since 1990, and the same
change in the market began in the late 1990s for cars, steadily strengthening to the
present day. The switch from petrol-powered to diesel-powered cars is leading to
greater energy efficiency, which since the mid-2000s has been reinforced by a
general improvement in fuel efficiency for new cars which has counteracted the
increase in fuel consumption to which the growth in transport has led. The aggre-
gate effect has been sharply increased consumption of diesel fuel and reduced vol-
umes of petrol. The economic downturn which began in 2008 and intensified in
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2009 also led to reduced emissions from diesel-powered heavy duty vehicles in
2009 and to somewhat lower overall use of diesel fuel in the road transport sector.
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Figure 2.12 Emissions of CO, from different vehicle categories. Note that the emissions from
different vehicle categories are based on transport mileage and not fuel consumption.

Several points have been significant in limiting emissions from road transport.
Among other factors, increased fuel taxes, tax exemption for transport biofuels,
carbon dioxide-based vehicle tax and tax relief for green cars, together with rising
market price for petrol and diesel, have contributed to more fuel-efficient cars, an
increased number of fuel-flexible cars and consequently a switch to renewable
fuels. The use of renewable fuels has been principally boosted by the fact that since
2004 they have been exempt from carbon dioxide tax and energy tax. Large-scale
blending of ethanol into petrol began in 2003, with the result that almost all petrol
sold in Sweden now contains 5% ethanol. Blending of FAME into diesel also in-
creased in 2009. The use of biofuels for fuel-flexible cars also increased from 2004
to 2008, particularly ethanol (E85), but in 2009-2010 the use of E85 decreased
somewhat as a result of high ethanol prices and lower petrol prices.
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Figure 2.13 Emission of CO, from aviation, navigation and railways.

In 2010, emissions of carbon dioxide from domestic aviation were 0.5 million ton-
nes, which is 31% lower than the level for 1990. However, the emissions varied
during the period. Domestic aviation has decreased in later years because the share
of train and to some extent car journeys has increased. The fact that more people
are choosing train or car rather than flying for domestic travel is considered to be
due in part to a decline in the availability of short-haul aviation and to new security
requirements and routines having reduced the advantages of flying in terms of
speed and flexibility.

Carbon dioxide emissions for domestic navigation are estimated at 0.7 million
tonnes in 2010, which is around 35% higher than in 1990. Emissions have de-
creased after a sharp rise between 1994 and 2003.

Railway carbon dioxide emissions from diesel-powered trains account for a
marginal share of transport sector emissions and have decreased by around 40 per
cent since 1990.

2.3.2.2 METHANE AND NITROUS OXIDE FROM THE TRANSPORT SECTOR

Emissions of methane and nitrous oxide account for a very small share of green-
house gas emissions by the transport sector. Methane emissions totalled 0.06 mil-
lion tonnes of carbon dioxide equivalents in 2010 and have fallen by 70% since
1990 as a result of better exhaust emission control. Nitrous oxide emissions totalled
0.17 million tonnes of carbon dioxide equivalents in 2010. Emissions of nitrous
oxide increased from 1990 to 2000 in connection with the switch to cars fitted with
catalytic converters. Emissions have since decreased with better exhaust treatment
technology.
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2.3.3 Industrial processes

Emissions from industrial processes come in particular from the production of iron
and steel and from the cement and lime industries. Some examples of emission
sources are the use of coke in blast furnaces, the use of dolomite and limestone in
production in the mineral industry and the use of coal in the reduction of copper.
There are also emissions of fluorinated greenhouse gases in this sector. Total emis-
sions from the sector amounted to 6.8 million tonnes of carbon dioxide equivalents
in 2010, which is equivalent to 10% of aggregated emissions. Carbon dioxide
emissions are dominant at 78%, followed by fluorinated greenhouse gases at ap-
proximately 16%, nitrous oxide at approximately 6% and methane at 0.2%.
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Figure 2.14 Emissions from the Industrial processes sector, total and per subsector.

The total emissions in this sector have varied somewhat since 1990, principally due
to variation in production volumes and economic fluctuations. The development
may, however, differ for different industries. Emissions from the mineral industry
have increased, for example, while those from the chemical industry have de-
creased over the same period. In 2009 emissions from industrial processes were
much lower than in 2008 and 2010, principally due to the decrease in the metal
industry, but emissions from the mineral products industry also decreased. The
decrease in emissions in 2009 was principally due to reduced production as a result
of the economic downturn which began in 2008 and deepened in 2009.

Carbon dioxide emissions from the mineral industry increased over the period
1990-2008. This was principally due to improving economic conditions in the
building sector, both in Sweden and in other countries to which cement is exported.
Emissions decreased in 2009 as a result of a decline in production resulting from
the weakness of the economy. However, the emissions increased again in 2010 but
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are not at the same level as in 2008 yet. Emissions from the iron and steel industry
have been at about the same level during the period spanning 1990-2010, except
for 2009. Emissions from this industry are also reported however in the energy
sector, which means that emissions from the iron and steel industry are not fully
reflected in this sector. Total emissions from the iron and steel industry have in-
creased by 28% during the entire period spanning 1990-2008, and the emissions
have increased most in recent years. The iron and steel industry was severely af-
fected by the economic downturn in 2008-2009, and emissions in 2009 were 38%
lower than in 2008. In 2010 the industry recovered and the emissions were 4%
lower than in 2008. The emissions from the chemical industry decreased by 53%
during the period 1990-2010. Since 2007, emissions have been very low in com-
parison with preceding years. This is primarily due to a new treatment technology
having been installed that has resulted in reduced emissions of nitrous oxide in
nitric acid production.

2.33.1 FLUORINATED GREENHOUSE GASES (HFC, PFC, SFg)

Fluorinated greenhouse gases have a number of uses. Most emissions of fluorinated
greenhouse gases in Sweden today are due to leakage from refrigeration and air-
conditioning systems and air conditioning in vehicles. Other sources are foam
manufacturing, medical inhalers, aluminium production and magnesium foundries.
Total fluorinated greenhouse gas emissions in 2010 amounted to almost 1.1 million
tonnes calculated as carbon dioxide equivalents and account for almost 2% of total
emissions. Emissions of fluorinated gases are showing an increasing trend over the
period from 1990, principally due to a sharp increase in HFC emissions. One ex-
planation for the increase is that HFCs in many cases have replaced the ozone-
depleting substances CFCs and HCFCs as refrigerants. The ozone-depleting sub-
stances decreased sharply between 1990 and 2009 and have now been more or less
completely phased out. Another explanation for the increase in HFCs is that the
number of refrigeration and air-conditioning systems, air conditioning in vehicles
and heat pumps has increased, particularly in the recent years.

Emissions of PFCs come principally from the aluminium industry and have de-
creased since 1990. SF6 emissions have remained at approximately the same level
but have varied somewhat. SF6 emissions were lower in 2008-2009 than previ-
ously, due to lower emissions from magnesium foundries. One explanation why
these emissions are decreasing is an EU Regulation introduced in 2006. Under this
Regulation, certain fluorinated greenhouse gases were banned at various times
between 2006 and 2009. Other emissions of fluorinated greenhouse gases have also
started to decrease as a result of the EU Regulation.

In 2010 the emissions from fluorinated greenhouse gases increased compared
to 2009 but were lower than in 2008. Emissions of fluorinated greenhouse gases
decreased by 14% in 2009 in comparison with 2008, due to reduced emissions of
PFCs. PFC emissions come principally from the aluminium industry, and these
emissions have decreased in recent years as a result of a investments in a new tech-
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nology since 2007. Only the new technology was used in 2009, and combined with
lower production as a result of the weakness in the economy, this led to a sharp
decrease in emissions.
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Figure 2.15 Emissions of fluorinated greenhouse gases, total and per gas.

2.3.4 Solvents and other products use

The use of solvents principally leads to emissions of volatile organic compounds,
and the carbon content of these emissions is assumed, according to the reporting
guidelines, to be oxidised to carbon dioxide. The use of other products, such as
spray cans and gas springs, also leads to emissions of nitrous oxide. Emissions of
carbon dioxide and nitrous oxide calculated as carbon dioxide equivalents in 2010
totalled 0.3 million tonnes, which is 0.5% of total emissions. In comparison with
1990, emissions have decreased by 6%. Approximately 15% of carbon dioxide
emissions come from paints, but these emissions have been reduced by a shift to
water-based paints.
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Figure 2.16 Emissions from the use of solvents and other products, total and per subsector.

2.3.5 Agriculture

Agriculture is the largest source of methane and nitrous oxide emissions. Emissions
of these greenhouse gases in 2010 amounted to 7,9 million tonnes of carbon diox-
ide equivalents, of which around 62% was made up of nitrous oxide and almost
38% of methane. Aggregated emissions decreased by 6% over the period 2000-
2010, and they have fallen by 13% since 1990. This is principally due to two fac-
tors: firstly the number of cattle has decreased, resulting in lower methane release,
and secondly lower application of nitrogen fertiliser to agricultural land has re-
sulted in decreased release of nitrous oxide. In comparison with 2009, emissions
have decreased by 0.03 million tonnes or 0.4%.
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Figure 2.17 Emissions from agriculture, total and per gas.

2.35.1 EMISSIONS OF METHANE FROM AGRICULTURE

Methane emissions come principally from the digestion and manure of cattle, while
other types of livestock are of relatively low significance. The most important rea-
son for the decreased emissions is reduced livestock farming and it was mainly the
number of dairy cows that decreased from 1990 to 2010. A large reduction took
place in 1990 and 1991, when a large number of farms abandoned milk production.
Some of these changed over to extensive meat production with the aid of govern-
ment conversion grants, and the number of beef cattle therefore increased during
the first half of the 1990s. Following Sweden’s accession to the EU in 1995, the
EU’s Common Agricultural Policy (CAP) stabilised livestock numbers for live-
stock that have the right for subsidies, for example cattle. The long-term trend is
nevertheless for a successive decrease in both cattle and swine, while the number
of sheep and chickens for slaughter has increased. Overall, this signifies a decrease
in methane emissions from both livestock and their manure. Methane emissions per
dairy cow have increased slightly due to increased milk yield, greater quantity of
manure and a higher proportion of slurry management, but emissions per produced
guantity of milk have fallen slightly at the same time.

2.3.5.2 EMISSIONS OF NITROUS OXIDE FROM AGRICULTURE

Nitrous oxide emissions come principally from the supply and conversion of nitro-
gen in soil. Nitrogen is supplied to the soil through the use of farmyard manure and
commercial fertilisers, the growing of nitrogen-fixing crops and atmospheric pre-
cipitation. Cultivation as such, particularly of peat soils, also results in significant
release of nitrous oxide, as does conversion of the nitrogen that leaches to lakes
and watercourses. The reduced emissions since 1990 are due to the use of both
mineral fertiliser and farmyard manure having decreased. The quantity of farmyard
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manure is declining principally as a consequence of the decreasing number of dairy
cows. The action programme which has been implemented to lower nitrogen losses
from agriculture has to some extent reduced the indirect emissions of nitrous oxide
from leached nitrogen and ammonia deposition. The expansion of slurry manage-
ment for pigs and dairy cows has also reduced emissions. Unlike in the case of
methane, nitrous oxide emissions from slurry systems are substantially lower than
from traditional solid manure management.
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Figure 2.18 Emissions from agriculture, total and per gas and subsector.

2.3.6 Land Use, Land Use Change and Forestry - LULUCF

The Sector Land Use, Land Use Change and Forestry (LULUCF) constituted an
annual net removal in Sweden during the whole period 1990-2010. During the
period the net removals has varied between 31 and 41 million tonnes of carbon
dioxide equivalents but the long-term trend points to a small decrease in net re-
movals from the sector. The decrease in net removal is mainly due to an increased
harvest rate and over the last years the decrease was also enhanced due to the effect
of two severe storms in the beginning of 2005 and in 2007, respectively. The storm
in 2005 brought down a large quantity of timber. According to the Swedish Na-
tional Board of Forestry, gross fellings ranged between 64 Mm® and 96 Mm? over
the period 1990-2010, with the exception of 2005 when felling, including wood
felled by storms, was estimated at 122 Mm?,

However, the uncertainty is greater in data for 2007-2010 since the number
of sample plots for these years are not complete, and extrapolations are needed.
Only 20% of sample plots have been used in the estimate for 2010, implying that
the results are associated with a high uncertainty and may change in future esti-
mates.
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Figure 2.19 Emissions (+) and removals (-) of greenhouse gases from the LULUCF sector

The total size, variation and trend of the net removals in the LULUCF-sector are
mainly affected by the carbon stock change in the Forest land. The carbon stock
change in living biomass in the forest counts up for the major part of this net re-
movals. The net removal in living biomass in Forest land varied between approxi-
mately 23 and 38 million tonnes of carbon dioxide during the period 1990-2010.
Cropland is responsible for emissions of carbon dioxide when organogenic soils
are cultivated. Emissions varied during the period 1990-2010 between 2 and 2.7
million tonnes of carbon dioxide. The subsectors grassland, wetlands and settle-
ments account for very small areas (and associated carbon stock changes) com-
pared to forest land, which leads to higher uncertainty in data. The carbon stock
change in grassland and wetlands is small. Emissions from settlements were in the
range of 1-3.5 million tonnes of carbon dioxide during the period spanning 1990-
2010.
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Figure 2.20 Emissions (+) and removals (-) of carbon dioxide from different carbon pools.

The net removal in the LULUCF-sector is calculated as the total carbon stock
change in the three carbon pools of living biomass, dead organic matter (dead
wood and litter including the humus layer of soil) and soil organic carbon for dif-
ferent land use categories. The three carbon pools living biomass, dead organic
matter soil organic carbon contribute as an aggregate to a net removal. In addition,
emissions of N,O from fertilization and disturbance associated with conversion to
cropland, CO, emissions from lime application and N,O, CH, and CO, from bio-
mass burning are calculated , but these emissions are very small. Annual emissions
from these categories of CO, varied between 90-192 ktonnes, emissions of CH,4
varied between 0.5-13 ktonnes and emissions of N,O varied between 50-140 kton-
nes per year, calculated as carbon dioxide equivalents.

2.3.7 Waste

Total emissions from the waste sector in 2010 amounted to around 1.8 million
tonnes of carbon dioxide equivalents or almost 3% of total greenhouse gas emis-
sions. In comparison with 1990, emissions were 46% lower in 2010. Emissions
from the waste sector are dominated by methane emissions from landfills with
almost 70%, while emissions from wastewater account for 23% and emissions
from incineration of hazardous waste for around 6%.
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Figure 2.21 Emissions from Waste sector, total and per subsector.

Landfills are the largest source for emissions of methane gas, after livestock farm-
ing, as methane is formed when organic waste is placed in landfills. Methane emis-
sions have declined steadily since the early 1990s, partly because the amount of
organic material in landfills has declined and partly due to the increased collection
and management of methane gas from landfills.

Several policy instruments have been significant in this trend. During the 1990s
there was, for instance, the introduction of producer responsibility for a number of
different groups of articles, for example packaging, waste paper, office paper and
tyres. It is also believed that the demand for municipal waste planning that was
introduced in 1991 has contributed to the expansion of methane collection and to
the reduction in the amount of degradable material deposited in landfills.

A tax on landfill waste was introduced in 2000, and bans on the landfill dis-
posal of combustible waste (in 2002) and organic material (in 2005) have subse-
quently been introduced. The bans have contributed to a substantial change in
waste management in Sweden. 99 per cent of household waste was recycled in
2010. The landfilling of other types of waste has also fallen sharply.

Emissions from wastewater handling were around 0.5 million tonnes of carbon
dioxide equivalents in 2010 and accounted for 0.8% of total emissions. Emissions
have fallen by 8% since 1990 due to improved sewage treatment.

Emissions from incineration of waste were around 0.1 million tonnes in 2010.
Emissions have increased somewhat in recent years in comparison with the level of
emissions from 1990 to 2002. The increase in emissions is due to an increased
guantity of waste being incinerated as capacity has increased since 2003.
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2.3.8 International bunkers

Emissions of greenhouse gases from international bunkering of fuels amounted to
around 8.9 million tonnes of carbon dioxide equivalents in 2010. This includes
refuelling in Sweden by international navigation and international aviation and
emissions from this fuel are not included in the reporting of the total emissions
from Sweden which is calculated in the Kyoto Protocol commitments. International
bunkering of fuel is substantially greater than fuel use for domestic navigation and
aviation.
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Figure 2.22 Emissions from international bunkers, total and per subsector.

Emissions from international navigation totalled 6.8 million tonnes of carbon diox-
ide equivalents in 2010. This is a decrease of 8% compared with 2009 but an in-
crease of 201% since 1990. Part of the explanation for the increase is that interna-
tional freight transport activity has increased due to an increased quantity of freight
and globalisation of trade and the systems of production having led to freight being
transported over longer distances. Another explanation could be that Swedish re-
fineries are producing low-sulphur E02-5, which fulfils strict environmental re-
quirements, and this has led to more shipping lines having chosen to refuel in Swe-
den. The fluctuations in bunkered volumes between different years also depends on
the price of fuel in Sweden in comparison with other ports in other countries.

Greenhouse gas emissions from the international bunkering of aviation was 2.1
million tonnes of carbon dioxide equivalents in 2010. This is an increase of 3%
compared with 2009 and an increase of 55% since 1990. Emissions from the inter-
national bunkering of aviation have varied over time. The long-term trend is in-
creasing although there have been declines in the early 1990s as well as at the be-
ginning of the 2000s and in 2009. The reduced emissions these years are among
other things due to the economic downturn which has lead to less travelling.
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2.4 Description and interpretation of emission
trends for indirect greenhouse gases and
SO,

2.4.1 NMVOC

Emissions of non-methane volatile organic compounds (NMVOCSs) totalled around
197 ktonnes in 2010, and emissions have decreased by 45% in comparison with
1990. Road traffic and combustion of wood in households together dominate emis-
sions, but machinery, some industrial activity and use of solvents are also signifi-
cant for emissions. Road traffic leads to the greatest emissions in the area of trans-
port, but road traffic has also shown the greatest reduction in emissions due to new
exhaust emission requirements. Environmental requirements in the new installation
of wood-fired boilers and reduced emissions from products containing solvents
have also contributed to lower emissions.

NMVOC emissions from the energy sector (excl. transport) totalled 51 ktonnes in
2010, a decrease of 16% in comparison with 1990. Most of the decrease occurred

in the early 1990s and related to fugitive emissions from oil refineries.
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Figure 2.23 Total emissions of NMVOC and emissions from the different sectors.
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2.4.2 NOX

Emissions of nitrogen oxides amounted to 162 ktonnes in 2010, a decrease of 40%
in comparison with 1990. Nitrogen oxides are formed in all combustion in the en-
ergy and transport sectors, and the largest emission sources are road traffic, ma-
chinery, navigation and production of electricity and heating. Emissions of nitrogen
oxides from the energy sector, excluding transport, totalled 64 ktonnes in 2010, a
decrease of 30% compared with 1990. The largest sources of emissions are ma-
chinery in industry, agriculture and forestry and combustion in the production of
electricity and heating and in industry.

27% of emissions in the energy sector in 2010 came from electricity and district
heating production. As a result of the NOx charges introduced in the early 1990s
and the treatment measures they encouraged, emissions in terms of produced quan-
tity of energy have decreased. Some variation in the absolute quantity of emissions
is visible over the years, related to temperature and consequently the need for heat-
ing and to precipitation, which affects the need for combustion-based production of
electricity. Emissions were therefore lower, for example, in 2000 than in 2003,
which was a dry year.

Emissions from machinery in industry account for 17% of emissions of nitrogen
oxides by the energy sector (excluding transport). These decreased by 39% during
the period 1990-2010. Machinery in agriculture and forestry taken together ac-
counts for 16% of the emissions in the energy sector. There has also been a de-
crease here in recent years.

Traffic is a large source of emissions of nitrogen oxides, and the emissions come
largely from road traffic at 83 ktonnes, but the introduction of catalytic converters
in cars and the subsequent successive tightening of exhaust emission requirements
have contributed to a general decrease in concentrations of nitrogen oxides in urban
areas. Road-traffic emissions of NOXx decreased by 47% between 1990 and 2010
and increased by 3% between 2009 and 2010.
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Figure 2.24 Total emissions of NOx and emissions from the different sectors.

243 CO

Emissions of carbon monoxide have developed in the same way as NOx emissions.
Emissions have decreased from 1280 ktonnes in 1990 to 640 ktonnes in 2010. 40%
of emissions came from the transport sector and 43% from the ,,Other Sectors".

Energy sector emissions of carbon monoxide increased from around 234 ktonnes in

1990 to around 359 tonnes in 2010. Around 78% of emissions from the energy
sector came from household energy use.
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Figure 2.25 Emissions of CO, total and by sectors.

2.4.4 SO2

Sulphur dioxide emissions come from the energy, transport and industry sectors
and continued to decrease during the 1990s. In 2010, emissions totalled 35 ktonnes,
which is a decrease of 67% compared with 1990. The continued decrease is due to
a change-over from fuels with high-sulphur levels to low-sulphur fuels, for both
vehicles and heating.

ktonnes SO,

120

100

80

6014\\\

40 —

20

0 L ROEERON EoN Fos |
O 4 N M ¥ W ©O©W N~ 0O 9O O 4 N M ¥ O ©W N~ 0O O O
S O O O O O O O O O O O O O O O O O O o do
o o o O O O o o o © © © ©6 ©6 © © © © o o
A 4 +d «d d «d4 «d «d «d4 4 & N N & & N & & & &«

SO2 Total —®—Energy Industrial processes  —— Transport Waste

Figure 2.26 Total emissions of SO, and emissions from the different sectors.
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Energy sector emissions of sulphur dioxide (excl. transport) continued to decrease
during the 1990s and in 2010 emissions totalled 18 ktonnes, a decrease of 70%
compared with 1990. The continued decrease is due to a shift from fuels with
higher sulphur levels to low-sulphur fuels, both for industry and for production of
electricity and district heating. The sulphur tax introduced in 1991 has been signifi-
cant in this shift. Other factors which contribute to reduced emissions include the
consideration of industries under the Environmental Code. Emissions increased
between 2009 and 2010 by 18% from electricity and district-heating and by 16%
from manufacturing industry as a result of increased combustion.

Road traffic emissions of SO, have fallen by 99% since 1990 as a result of lower
sulphur levels in motor fuels, and totalled 0.1 ktonnes in 2010. Sulphur emissions
from domestic navigation have decreased by 23% since 1990 and are now 3.9
ktonnes due to a switch to oils with lower sulphur content.

2.4.5 Description and interpretation of emission trends for KP-

LULUCF inventory in aggregate and by activity, and by gas
Since the KP-LULUCF has been reported for only three years there is not so much
of a trend to describe. However, the reporting under Forest management is strongly
linked to the reporting of Forest land remaining forest land under the UNFCCC-
reporting so to get a picture of the long term trend it is recommended to read sec-
tion 2.3.6 which describes the trend in the LULUCF-sector.
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3 Energy (CRF sector 1)

3.1 Overview of sector

The energy sector includes emissions from fuel combustion (CRF 1.A) and fugitive
emissions from fuel production and handling (CRF 1.B). Energy consumption per
capita is high in Sweden compared to other OECD countries. This is because of the
availability of natural resources such as forests and hydropower, which led to the
early and rapid expansion of energy-intensive industries. Sweden’s geographical
location, with low mean annual temperatures also explains the high demand for
energy for heating. The energy sector, including transport, has long accounted for
the major part of Swedish greenhouse gas emissions, and emissions of carbon diox-
ide dominate overwhelmingly in this sector. However, carbon dioxide emissions
per capita are relatively low in Sweden compared with other industrialized nations.
This is due to a relatively high use of hydropower and nuclear power and low use
of fossil fuels, as well as the use of energy and carbon dioxide taxation for limiting
the emissions of carbon dioxide.*®

It can be seen in Figure 3.1 that in the energy sector, emissions of CO, contrib-
ute about 96 % of total greenhouse gas emissions (in CO, equivalents) 2010. Emis-
sions of total greenhouse gases from the energy sector have decreased by 7.9 %
from 53,606 Gg CO, equivalents in 1990 to 49,359 Gg CO, equivalents in 2010,
mainly due to reduced fossil fuel consumption in the residential sector (CRF 1.A.4)
(Figure 3.2).
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Figure 3.1. Total emissions of all greenhouse gases calculated as CO; equivalents from CRF 1
Energy.

16 Ministry of the Environment, 2001
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Figure 3.2. Total emissions of all greenhouse gases calculated as CO, equivalents from the
different sub-sectors within the Energy sector.

1A1 Energy industries. 1A2 Manufacturing industries and construction. 1A3 Transport. 1A4 Other
sectors. 1A5 Other. 1B1 Solid fuels (fugitive). 1B2 Oil and natural gas (fugitive).

As shown in Figure 3.2, the transport sector (CRF 1.A.3) accounts for the largest,
and increasing, part of the GHG emissions from the energy sector. Emissions from
public electricity and heat production (CRF 1.A.1) varies mainly because of tem-
perature variations between years. As mentioned earlier, the emissions from resi-
dential heating (CRF 1.A.4) are decreasing due to reduced consumption of fossil
fuels. In manufacturing industries and construction (CRF 1.A.2), the three largest
industries in terms of fuel consumption are the pulp and paper industry, the chemi-
cal industry and the iron and steel industry. Despite rising industrial production, oil
consumption has fallen sharply since 1970. This has been possible due to increased
use of electricity and improved energy efficiency.

The large increase in emissions from CRF 1.A.1 in 2010 is mostly due to the cold
winters that year and low production of nuclear energy, which meant that the de-
mand of electricity and heat had to be met by combustion based energy . The dip in
emissions from manufacturing industries and construction in 2009 reflects the eco-
nomic conditions resulting in lower demand of e.g. iron and steel. The recent in-
crease in fugitive emissions from oil and natural gas (CRF 1.B.2) is caused by
hydrogen production facilities put into operation at two of the oil refineries in 2005
and 2006 respectively.

Table 3.1 shows the impact of recalculations reported in submission 2012 for GHG
emissions by sector and sub-sectors for 1990, 1995, 2000 and 2005-2009. The
recalculations are mainly due to:
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¢ Revised emission factor for CO, from derived steelwork gases in CRF
1.Ala
e Changes in emissions from off-road vehicles and working machinery com-
pared to submission 2011 due to updated activity data, emission factors
and sectoral reallocation, which affects CRF 1.A.2, 1.A.3 and 1.A.4.
e Revised activity data for the Other sectors (1.A.4 and parts of 1.A.2) for
2008-2009
More detailed descriptions of the recalculations are found under sector specific
sections below.

Table 3.1 Impact of recalculations of GHG emissions submission 2012 in the energy sector
(1990, 1995, 2000, 2005-2009).

Impact of recalculations submission 2012 (Gg CO; eq.)
CRF 1A1 1A2 1A3 1A4 1A5 1B1 1B2 Total CRF 1 % CRF 1

1990 225 -234 277 105 0 NA 5 379 0.7%
1995 296 -251 269 109 -2 NA 3 424 0.8%
2000 197 -256 161 111 -6 NA 7 214 0.4%
2005 97 -268 133 96 0 NA 2 59 0.1%
2006 393 -341 138 93 -6 NA -4 274 0.6%
2007 252 -384 103 99 -8 NA -6 56 0.1%
2008 149 -93 150 31 -11 NA 4 230 0.5%
2009 132 -105 3 3 -10 0 4 27 0.1%

0: value less than 0.5. NA: no recalculation is performed.

3.2 Fuel combustion (CRF 1.A)

Emissions from fuel combustion, CRF 1.A, are allocated to a number of subsectors.
In CRF 1.A.1, emissions from energy industries, e.g. public electricity and heat
production plants, combustion activities within oil refineries, and combustion re-
lated to solid fuel production, i.e. coke ovens, are reported. CRF 1.A.2 includes
combustion-related emissions in manufacturing industries and construction. Emis-
sions from working machinery within the construction sector are allocated to CRF
1.A.2, but apart from that, CRF 1.A.2 includes only stationary combustion. Emis-
sions from transports (aviation, road traffic, railways and navigation) are reported
in CRF 1.A.3. Only domestic activities are included in CRF 1.A.3; emissions from
international aviation and navigation are allocated to the category 1C1, interna-
tional bunkers, and not included in the national total. In CRF 1.A.4, emissions from
households, service, agriculture, forestry and fisheries are reported. CRF L.A5 is
intended for “other” combustion, which in the Swedish inventory includes emis-
sions from military operations. Flaring, e.g. combustion where the energy is lost
and not used, is reported in CRF 1B.

Emissions from fuel combustion in Sweden are, if not specifically otherwise stated,
determined as the product of fuel consumption, thermal value and emission factors
(EF) as shown in the formula:

Emissionssess (unit) = > Fuel consumption (unit) * thermal valuefers * EFfyers
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Different Tiers are used for different sub-sectors as discussed in sections below.
Please note that some fuel types are used in industrial processes rather than for
energy purposes. This is the case for black liquor in the paper- and pulp industry
and for coal and coke in the metal industry. Emissions from these fuels are thus
accounted for under CRF 2 and methods used are described in section 4.

3.2.1 Comparison of the sectoral approach with the reference
approach
A detailed discussion on the reference approach and its differences compared to the
sectoral approach is provided in Annex 4. Figure 3.3 shows the differences in fuel
consumption and CO, emissions between the Reference and Sectoral Approach for
the whole time series 1990-2010. It is obvious that fuel consumption and CO,
emissions from the Sectoral Approach exceed the Reference Approach for most
years. For a number of years the difference is larger than + 2%.
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Figure 3.3 Differences between Reference Approach and Sectoral Approach (Reference minus
Sectoral).

For most years, the difference in CO, emissions is smaller than the difference in
energy consumption. This indicates that some of the emission factors used in the
reference approach might be too high. Data on fuel group level indicates that this
problem is related to liquid fuels. For solid fuels, the difference in energy and
emissions, respectively, is not consistent between years. This is related to solid
fuels used in iron and steel industry, see below.
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Statistical differences in energy balances contribute to a large share of differ-
ences especially in the early 1990’s. Large differences for 1997, 1998, 2001 and
2007 are mainly attributed to liquid fuels and most notably crude oil.

The iron and steel industry accounts for a large share of solid fuels used in
Sweden. Thanks to several studies and resulting improvements in recent years, the
in data quality for the sectoral approach is considered to be high. However, the
activity data for the reference approach and non-energy use of fuels for these in-
dustries needs to be reviewed as there are some questions about the allocation be-
tween CRF 1.A.b and 1.A.d.

As described above, there are a number of issues related to the reference ap-
proach and non-energy use of fuels. A study aiming to solve the problems, or at
least find more detailed explanations to the differences, will be carried out in 2012
and the purpose is to implement the resulting improvements in submission 2013.

3.2.2 International bunker fuels

This sector includes emissions from refuelling in Sweden used for international
navigation and international aviation. All gases are covered.

According to IPCC guidelines, international bunkers are not included in na-
tional totals. To evaluate Swedish emissions, international bunkers are of course
important, especially as international bunkering of fuel is substantially greater than
the fuel use for domestic navigation and aviation. Emissions have increased sig-
nificantly since 1990 due to among other things increased travelling and increased
transportation of goods. See also section 2.

3.2.2.1 INTERNATIONAL BUNKERS, CRF 1C1

Emissions from international bunkers for aviation and navigation are not included
in the national total, but instead reported separately as a memo item in CRF 1.C.1,
in accordance with the 1996 revised IPCC Guidelines.

The ERT has noticed that the data reported to the IEA are generally higher than
what is reported to the UNFCCC. A study in 2010 showed that the differences
between the IEA and the UNFCCC reporting can to some extent be explained by
revision policies of the different reporting obligations. Since the UNFCCC has a
high demand on consistency of time series, efforts are made to ensure high quality
of times series."’

International bunkers from aviation are fuels purchased in Sweden and used for
flights to destinations abroad. This includes the whole flight cycle, i.e. both LTO
and Cruise, see also Annex 2.

Activity data from the SCAA starts from 1994. With regards to bunkering the
data has been estimated using 1994 for CO, emissions. The share of LTO is esti-
mated using an average between 1995-2001.

International bunkers from navigation are defined as fuels bought in Sweden,
by Swedish or foreign-registered ships, and used for transport to non-Swedish des-

1 Hedlund & Lidén 2010
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tinations. The division on international and domestic fuels is based on information
from the monthly survey on supply and delivery of petroleum products.

In 2011, the fuel consumption by national and international navigation has been
studied in a project and the results are presented in the report “Emissions from
navigation and fishing including international bunkers*®. Fuel data in the Monthly
fuel, gas and inventory statistics has been analyzed. The fuel data is collected from
oil companies and other providers of petroleum products and coal. The survey also
collects stock data from companies with a large consumption of oil in the manufac-
turing industries and energy industries. The population consists of approximately
70 companies, and all of them are included in the survey.

In 1993, 24 companies reported fuel amounts for domestic navigation and 15
companies reported amounts for international maritime bunkers. During the period
1993-2010 many companies have been closed or taken over by larger companies.
In 2010, very few companies remained — only eight companies reported fuel
amounts for Domestic navigation or International maritime bunkers. With such a
small population, it was possible to study each company carefully. Suppliers of
significant quantities of bunker oil (~100 000 m*® — 2 000 000 m°) have been exam-
ined more closely.

The response from the companies was very good and produced reliable infor-
mation. Data on domestic and international bunker fuel in the Monthly fuel, gas
and inventory statistics have been found to be of high quality. As a consequence of
that VAT is applied on national fuel consumption, but not on international bunkers,
all respondents to the survey are able to separate these fuel amounts with high ac-
curacy. Fuels used for domestic and international navigation have been separated
correctly and in line with IPCC Guidelines.

3.22.2 MULTILATERAL OPERATIONS, CRF 1.C.2

Emission from multilateral operations are not included in the national total but
instead reported separately as a memo item in CRF 1.C.2, in accordance with the
1996 revised IPCC Guidelines. These emissions are calculated based on informa-
tion from the military on the amount of fuel purchased in Sweden but used abroad
by Swedish forces participating in international operations.

3.2.3 Feedstocks and non-energy use of fuels

Activity data on feedstocks and non-energy use of fuels is collected from the quar-
terly fuel statistics. As also noted in Annex 2 section 1.1.1, in the survey form for
the quarterly fuel statistics, respondents are among many other things asked to
specify whether fuels are used as raw materials or for energy purposes. This facili-
tates the use of data for CRF table 1.A.d, non-energy use of fuels.

Data on carbon from coke, bound in produced ferroalloys is collected directly
from the only ferroalloy producer and is added to the remaining data on carbon
from coke. Estimates of carbon stored are derived by multiplying given energy
amount with emission factors for CO, (as given in Annex 2 section 1.2 and Appen-

18 Eklund et al. 2011. Emissions from navigation and fishing including international bunkers
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dix 1) multiplied by 12/44 (the weight of one atom of carbon is by definition 12/44
the weight of one molecule of CO,).

CO, emissions derived from non-energy use of fuels and reported under CRF
1.B and CRF 2 (e.g. flaring of gases and iron and steel process emissions) are
added under CRF 1.A.d and linked to the CRF 1.A.b as carbon stored (see Annex
4).

3.2.4 CO2 capture from flue gases and subsequent CO2 storage

So far, storage of CO, does not occur in Sweden™®. There are, however, several
research projects going on where CO, is captured from flue gases at a pilot scale.?

3.2.5 Country-specific issues
No country-specific issues are reported in this submission.

3.2.6 Public electricity and heat production (CRF 1.A.1.a)

3.26.1 SOURCE CATEGORY DESCRIPTION

Swedish production of electricity is characterized by large proportions of hydro-
power and nuclear energy. Only a small share of electricity production is based on
fuels used in conventional power plants. Public electricity and heat use vary be-
tween years, due to variations in ambient temperatures for instance. In addition,
production of electricity based on fuels depends to a large extent on the actual
weather conditions. Years with dry weather and cold winters have a significant
effect on the use of fuel in electricity production since less electricity can be pro-
duced by means of hydropower and more electricity is needed for heating. The
largest emissions from electricity production were thus in 1996, due to very dry
and cold weather. The winters 2009/2010 and 2010/2011 were unusually cold,
which lead to an increase in fuel consumption particularly in 2010. Liquid fuels
and natural gas account for most of the increase, although the increase in natural
gas use can to a large extent be explained by the fact that new gas fuelled facilities
have been taken into operation. The use of solid fuels also increased substantially
between 2009 and 2010, but in this case the explanation is the recovery from the
dip in production in the iron and steel industry in 2009, which thus affected the
amounts of energy gases sold to the public electricity and heat production plants.
In Sweden, electricity and district heating are used to a large extent to heat homes
and commercial premises. Increased use of district heating since 1990 to heat
homes and commercial/industrial premises has led to increased energy efficiency
and thus lower emissions. Emissions of methane and nitrous oxide have increased
from electricity and heat production because of the increased burning of biomass
fuels.

Electricity is an important energy source in the manufacturing industry, where
the most important industries are the pulp and paper and the steel industry.

19 Geological Survey of Sweden, 2010
E-on 2010-11-04, Fortum 2010-11-04
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Production of district heating is currently to a large extent based on biomass
and waste. There has been a change from fossil fuels towards biomass since 1990.
In 1990, 15 % of fuels used were biomass and 15 % was waste. In 2010, 55 % of
all fuels used for district heating were biomass while waste accounted for 18 %.
These proportions have been quite similar during the last six years. Since 1990,
there has been a large increase in the use of district heating from 89 PJ (1990) to
221 PJ (2010) but, due to the more frequent use of biomass, greenhouse gas emis-
sions from district heating were only slightly larger than in 1990.%

The number and distribution of Swedish power stations in 2009 are presented in
Table 3.2%%. Changes since 1990 in number of plants and their installed effect have
been minor in the electricity sector, but the number of plants that only produce
district heating has increased.

Table 3.2. Number and distribution of Swedish energy stations in 2009.

Gross Gross
Type of plant Number of plants Production Production
GWh TJ
Total power stations 2447 136 681 492 052
Power generation not based on fuels 2261 68 094 245 138
1359 2484 8942
902 65 610 236 196
Power generation based on fuels 186 68 587 246 913
3 52 172 187 819
183 16 415 59 094
- Manufacturing industries, 45
ISIC 10-37
- Energy plants, ISIC 40 114
- Others 24

A summary of the latest key category assessment, methods and EF used, and in-
formation on completeness, i.e. if any sources are not estimated (NE), is presented
in Table 3.3.

Table 3.3. Summary of source category description, CRF 1.A.1.a.

CRF | Gas | Key Category Assessment 2010 | Method EF All sources
Level Trend Qualitative estimated
1Ala | CO, | X X T2 CS Yes
CHa X T2 CS Yes
N2O | X X T2 CS Yes

CS Country Specific. T2 Tier 2.

3.26.2 METHODOLOGICAL ISSUES

Plant specific activity data and country- and sector-specific emission factors are
used, which is considered to be Tier 2 methodology.

21 All numbers are according to data used in the Greenhouse gas inventory this submission.
Data for 2010 currently not available. Statistics Sweden EN10SM 1001.
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The activity data source for emissions in CRF 1.A.1.a is the quarterly fuel statis-
tics, further described in Annex 2. Emission factors, also further described in An-
nex 2, are generally country specific, but in a few cases plant specific emission
factors are used. For energy gases purchased from the iron and steel works and
combusted by public electricity and heat production plants, CO, emission estimates
provided by the iron and steel works are used, which results in aggregate year spe-
cific implied emission factors for blast furnace gas, coke oven gas and steel con-
verter gas.

The most important fuels in recent years are wooden fuels followed by domestic
waste. Greenhouse gas emission factors for these fuels are national and were de-
veloped in a study made in 2004.23

Emissions from energy plants integrated with the iron and steel industry are allo-
cated to CRF 1.A.2.a. This is discussed in chapter 3.3.4.1 and in detail in chapter
44.21.2.2.

3.2.6.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The quarterly fuel statistics is a total survey for ISIC 40 and the response rate is
almost 100 %. This provides the inventory with data of very good quality, accurate,
complete, consistent and with very low uncertainties.

The trend in fuel consumption in this sector varies depending on the production
of hydroelectric power and weather variations between years. The greatest changes
in fuel consumption are for biomass fuels, where the consumption has increased
significantly due to for instance increased district heating. It can also be noted that
the use of natural gas in this sector has almost doubled in 2009 compared to the
annual consumption 2005-2008. The reason is that the number of gas-fuelled facili-
ties has increased.

The variations in IEFs between years are normally small. The IEFs for solid fu-
els, however, are considerably more variable than for other fuel types due to the
variable supply of energy gases from the iron and steel industry. As blast furnace
gas has a much higher CO, EF than other solid fuels, the share of blast furnace gas
has a very large influence on the aggregate CO, IEF for solid fuels. As the produc-
tion in the iron and steel industry was much lower in 2009 than 2008 and 2010, the
share of blast furnace gas in CRF 1.A.1.a dropped, which explains the drop in CO,
IEF for solid fuels in 1.A.1.a in 20009.

Emissions of NO, and SO, and in relation to fuel consumption are also slightly
variable between years due to variations in fuel mix. In the latest years, especially
the SO, emissions in relation to fuel consumption have decreased due to a shift
from residual fuel oils towards natural gas.

The uncertainty analysis tables are presented in Annex 7 and a general description
of the uncertainties is presented in section 1.7. Wooden fuels are the most common
fuels in this sector, but as CO, from biomass is not included in the sectoral total of
GHG emissions, CO, from combustion of peat, blast furnace gas and “other fuels”

2 Bostrém et al, 2004
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accounts for the largest contributions to the aggregate uncertainty of GHG emis-
sions in CRF 1Ala. The activity data uncertainties are relatively low, 2% for peat
and blast furnace gas and 10% for “other fuels”. The CO, emission factor uncer-
tainties are 20% and 100%, respectively, and thus account for the greater part of
the aggregate uncertainties. Activity data uncertainties are assigned by expert
judgements made by persons at the energy statistics department of Statistics Swe-
den. Emission factor uncertainties have been assigned by national experts on emis-
sions from stationary combustion.

3.2.6.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

All quality procedures according to the Swedish QA/QC plan (including the Man-
ual for SMED’s Quality System in the Air Emission Inventories) have been im-
plemented during the work with this submission.

All Tier 1 general inventory level QC procedures and all QC procedures listed
in GPG section 8.1.7.4 applicable to this sector are used. The activity data has, of
course, been subject to QA/QC procedures prior to the publishing of quarterly fuel
statistics. In addition, the consumption of every type of fuel in the last year is
checked and compared with previous years. If large variations are discovered for
certain fuels, the consumption of these fuels is studied on facility level and if nec-
essary, the staff responsible for the quarterly fuel survey is contacted for an expla-
nation. IEFs are calculated per fuel, substance and CRF-code and checked against
the emission factors to make sure that no calculation errors have occurred when
emissions were computed.

The time series for all revised data have been studied carefully in search for
outliers and to make sure that levels are reasonable. Data has, when possible, been
compared with information from companies’ legal environmental reports and/or
other independent sources. Remarks in recent review reports from the UNFCCC
have been carefully read and taken into account whenever time limits allow. The
results are verified by calculating CO, emissions with the reference approach, and
comparing results with the sectoral approach (see Annex 4).

During 2011, there was a study®* comparing the currently used quarterly fuel statis-
tics with two other data sources, and the conclusion was that the quarterly fuel
statistics is of very good quality, and also the only data source that is ready in time
for use for the last emission year.

3.26.5 SOURCE-SPECIFIC RECALCULATIONS

The emission factors for CO, from coke oven gas, blast furnace gas and steel con-
verter gas used in submission 2011 were outdated and based on data from one sin-
gle facility. In submission 2012, a time series of CO, emissions 1990-2010 from
energy gases sold from this facility to two public electricity and heat production
plants have been provided by the steel production facility. This emission data has
been used in submission 2012, resulting in new, year specific implied emission
factors. This recalculation resulted in an increase of CO, emissions in CRF 1.A.1.a.

24 Eklund & Kanlén 2011
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The effect of the recalculation in terms of CO, emissions in some selected years is
shown in table 3-4 below; the magnitude of the change is quite similar for all years
except in 1996 when the difference between submissions 2012 and 2011 is 665 Gg
CO,. We suspect that the energy data in 1996 might be somewhat erroneous, but
original energy data is no longer available and the CO, emissions have been veri-
fied by the steel producing facility.

Table 3.4. Recalculation of CO; in CRF 1Ala, solid fuels, submission 2012 compared to
submission 2011.

Year 1990 1995 2000 2005 2008 2009

Gg CO2 225 294 191 97 149 107

In earlier submissions, what was believed to be transmission losses of natural gas
were reported in CRF 1.A.5.a. In the Centralized Review of submission 2011,
Sweden received a “Saturday paper” concerning this issue, and a careful investiga-
tion of the activity data used in submission 2011 was performed. The investigation
revealed that the activity data used in 1.A.5.a was misinterpreted and should in fact
be allocated to CRF 1.A.1.a, as the gas reported was not lost but used by a power
plant. It was also concluded that this data had been double-counted in CRF 1.A.1.a
and 1.A.5.a for the years 2007-2009. In submission 2012, these errors have been
corrected resulting in an increase in GHG emissions in CRF 1Ala with between 0
to 25 Gg per year in 1990-2006.

3.2.6.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.7 Petroleum refining (CRF 1.A.1.b)

3.27.1 SOURCE CATEGORY DESCRIPTION

Refineries process crude oil into a variety of hydrocarbon products such as gasoline
and kerosene. During the refining process, dissolved gases are separated, some of
which may be leaked or vented during processing and consequently reported under
CRF 1.B.2. There are five refineries in Sweden. Three of these refineries produce
fuel products such as gasoline, diesel and heating oils. The other two refineries
mainly produce bitumen products and naphthenic special oils. One facility has a
catalytic cracker; two facilities have hydrogen production plants and four of the
facilities have sulphur recovery plants. The fuel consumption in this sector consists
mainly of refinery gas, which is a by-product in the refining process. The use has
increased since the 1990’s due to higher demand of refined products. For the last
three years, fuel consumption has remained nearly constant.

A summary of the latest key category assessment, methods and EF used, and in-

formation on completeness, i.e. if any sources are not estimated (NE), is presented
in Table 3.5.
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Table 3.5. Summary of source category description, CRF 1Alb.

CRF | Gas | Key Category Assessment 2010 | Method EF All sources esti-
Level | Trend | Qualitative mated
1Alb | CO; | X X T2 CS Yes
CHg4 T2 CS Yes
N2O T2 CS Yes

CS Country Specific. T2 Tier 2.

3.2.7.2 METHODOLOGICAL ISSUES

The statistics for CRF 1Alb are based on a total of seven plants with the Swedish
Standard Industrial Classification 232, petroleum refining. Five of these companies
are refineries and they use over 99 % of the energy within the sector and thereby
give rise to most of the emissions. The other two plants are oil companies, mainly
involved in production of lubricating grease, which means that they are working
with products from refineries and therefore should be reported under refineries
according to IPCC guidelines.

Activity data for the five refineries was collected directly from each company
for 1990-1999, since the industrial energy statistics and quarterly fuel statistics did
not account for all fuels produced within refineries during these years. The corre-
sponding energy content of all fuels was also collected and individual thermal val-
ues were calculated for each operator and fuel. For 2000-2004, e.g. before the EU
Emission Trading System (ETS) was established, energy statistics was used as the
data quality was improved compared to the 1990’s and is considered to be suffi-
cient for these years. As a result of a specific SMED study during 2006%°, data
from ETS are used for four refinery plants for 2005 and later years. For the fifth
plant data from environmental reports were used. In 2008 and later years, the qual-
ity of ETS data is considered to be very high for all five of the refineries, and thus
this is the primary data source for the GHG inventory. Environmental reports are
used for verification. For refinery gas, plant specific CO, emission factors reported
to the ETS are used for 2008 and later, since they are considered to be more accu-
rate than the older standard emission factor.

During the national peer review remarks have been made that gaseous fuels are
reported as “NO” for 2003 and questioned if this is the correct notation key. Inves-
tigations of activity data files used in earlier submissions show that in 2001 to
2003, sweet gas (a by-product from the cryogen plant) was probably miscoded as
natural gas in submission 2005. Data for 2003 has been revised in later submis-
sions, i.e. sweet gas has been re-coded as refinery gas. Environmental reports show
that natural gas has been used in CRF 1.A.1.b in 2004 and later, but not in 2003,
and hence “NO” is considered to be the correct notation key for 2003. The envi-
ronmental reports for 2001-2002 are no longer available, and hence there is not
enough information to recode the natural gas reported in 2001 and 2002, even
though it might be miscoded refinery gas.

% Backman & Gustafsson, 2006
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3.27.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The use of so many different sources for this sector could of course lead to
consistency problems. Data used in the inventory is however analysed and no (sig-
nificant) signs of inconsistency have been found. E.g. the slight dip in fuel con-
sumption in 2007 is visible in all available data sources and is thus real and not
caused by the shifting of data sources.

The implied emission factor for CO, for refinery gas is slightly lower for 2008-
2009 when plant specific emission factors are used. However, as the national emis-
sion factor used for earlier years is based on information from the refineries, the
decreasing IEF is considered to reflect actual technology improvements.

CO, from refinery gas is by far the largest source of uncertainty due to the fact
that refinery gas accounts for about 90% of the energy from fuel combustion in this
sector. The emission factor uncertainty is 5% and the activity data uncertainty is
10%. The assigned uncertainties are based on information directly from the facili-
ties. They are updated regularly but not annually.

3.27.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

In general, the same QA/QC procedures are used for CRF 1.A.1.b as for
1.A.1.a described above. For each of the five refineries, ETS data for the latest year
are verified against the refineries’ legal environmental reports.

3.27.5 SOURCE-SPECIFIC RECALCULATIONS
Minor corrections of data have been performed.

3.27.6  SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.
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3.2.8 Manufacture of solid fuels and other energy industries (CRF
1.A.1.c)

3.2.8.1 SOURCE CATEGORY DESCRIPTION

Most emissions in this sector arise from two plants belonging to one company,
producing coke to be used in blast furnaces for production of iron. The plants are
integrated into the iron and steel production industry. Other fuel combustion in
manufacturing of solid fuels and all fossil fuel combustion in manufacturing of
nuclear power are also included in CRF 1Alc. The trend is related to the amounts
of iron and steel produced, and hence there was a dip in 2009. Apart from this,
emissions in recent years are quite similar to the emissions in the 1990’s.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.6.

Table 3.6. Summary of source category description, CRF 1Alc.

CRF | Gas | Key Category Assessment 2010 | Method EF All sources
Level Trend Qualitative estimated
1Alc | CO; T2 CS Yes
CHg4 T2 CS Yes
N2O T2 CS Yes

CS Country Specific. T2 Tier 2.

3.28.2 METHODOLOGICAL ISSUES

The methodology for estimating emissions from the iron and steel industry was
thoroughly revised in submission 2010. Activity data is taken from environmental
reports and CO, emissions are estimated from carbon balances calculated by the
facilities’ own experts. Emissions of N,O, CH4, NMVOC and CO are estimated
with the general T2 methodology with national emission factors. Estimates of
emissions of SO, and NOy are available from environmental reports on an aggre-
gate level, and these emissions are distributed over the different CRF codes
(1.A.l.c,1.A24,1.B.1.cand 2.C.1, SO, also 2.B.5 and 1.B.1.b) according to the
activity data distribution. The new methodology is described in detail in the meth-
odological issues section about CRF 2.C.1.2 (section 4.4.1.2.2.)

Activity data for nuclear power plants is collected from industrial energy statis-
tics for 1990 - 1996 and 2000 - 2002 and from quarterly fuel statistics for 1997 -
1999 and from 2003 onwards. For more details on the surveys see Annex 2.

3.2.8.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The time series is considered to be very consistent as all data on emissions from the
coke producing plants has been collected directly from the facilities. The inter-
annual variations in IEFs for solid fuels are caused by variations in the relative
amounts of blast furnace gas and coke oven gas, respectively, between years. The
composition of each gas is also quite variable, and this is another explanation to the
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fluctuating IEF’s. Solid fuel consumption decreased considerably in 2009 due to
lower production of coke caused by lower demand of primary iron and steel. In
2010, the demand increased and thus the fuel consumption increased to about the
same level as before 2009. Consumption of liquid fuels has decreased since 2006
and the consumption of biomass is small and fairly constant. (Liquid fuels and
biomass are, of course, not used in the coke ovens but in small facilities that are
allocated to 1.A.1.c due to their ISIC classification).

The uncertainty analysis tables are presented in Annex 7 and a general description
of the uncertainties is presented in section 1.7. CO, from blast furnace gas and coke
oven gas are the dominating sources of uncertainty.

3.284  SOURCE-SPECIFIC QA/QC AND VERIFICATION

The estimation of emissions from coke production is based on carbon balance cal-
culations and the methodology is thoroughly described in chapter 4.

3.2.85 SOURCE-SPECIFIC RECALCULATIONS

In submission 2011, preliminary data was used for 2009 for one of the coking
plants. In submission 2012, more accurate data became available and thus 2009
data was revised. The revision resulted in +24 Gg CO,, +0.075 Gg NO, and —
0.058 Gg SO, in 2009 compared to submission 2011.

3.2.8.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.9 Iron and steel (CRF 1.A.2.a)

3.29.1 SOURCE CATEGORY DESCRIPTION

The iron and steel industry is, together with the pulp and paper industry and the
chemical industry, one of the most energy intensive industrial branches in Sweden.
There are three primary steel works that base their production on iron ore pellets
procuring either steel or iron powder. There are also 10 secondary steel plants pro-
ducing steel based on scrap iron. In 2009, fuel consumption in the iron and steel
industry fell sharply as a consequence of decreased production due to the global
recession. In 2010, production and fuel consumption recovered to more “normal”
levels. The Swedish iron and steel works produced 4.8 million tonnes of steel in
total in 2010, which is 73% more than in 2009.2° The trend of the fuel combustion
is increasing slightly since 1990 due to higher production of iron and steel prod-
ucts.

A summary of the latest key category assessment, methods and EF used, and in-
formation on completeness, i.e. if any sources are not estimated (NE), is presented
in Table 3.7.

26 The Swedish Steel Producers” Association, 2010-09-26
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Table 3.7. Summary of source category description, CRF 1.A.2.a.

CRF Gas Key Category Assessment 2010 Method EF All sources
Level Trend | Qualitative estimated
1.A2a | CO; X T2,T3 CS, PS | Yes
CHg4 T2 CS Yes
N2O T2 CS Yes

CS Country Specific. PS Plant Specific. T2 Tier 2. T3 Tier 3.

3.29.2 METHODOLOGICAL ISSUES IRON AND STEEL, CRF 1. A.2.A

During 2009, a new methodology was applied for the two largest primary iron and
steel works. This is described briefly in section 3.2.8.2 above and in detail in sec-
tion 4.4.1.2.2.

For companies with less than 10 employees the Tier 1 method is used, since
current data does not allow the Tier 2 methods to be used. Emissions from compa-
nies with less than 10 employees are allocated to CRF 1.A.2.f because the model
estimate of fuel consumption within small companies is only produced on an ag-
gregate level and not separated by ISIC code.

Activity data for all facilities apart from the two largest ones mentioned above
is, if not otherwise stated, collected from industrial energy statistics for 1990-1996
and 2000-2002, and from quarterly fuel statistics for 1997-1999 and 2003 onwards,
further described in Annex 2.

Emissions reported from primary steel works and other iron and steel works are
reported in both CRF 1A2a and in CRF 2.C.1 since some emission arises from fuel
combustion and some from reducing agents in the process. The text in this section
is hence closely connected to the text in the section CRF 2.C.1.1 (secondary steel)
and CRF 2.C.1.2 (primary pig iron and steel).

3.2.9.2.1 Primary iron and steel works

In Sweden, there are two plants for integrated primary iron and steel production,
i.e. basing their production on iron ore pellets. The integrated iron and steel pro-
duction consists of material flows between coke oven, blast furnace and steel-
works, and in one plant, rolling mill (see Figure 4.6 in section 4.4.1.1.2). Emissions
from fuel combustion (oils, LPG and recovered energy gases, i.e. coke oven gas
and blast furnace gas) used in the rolling mills and for in-house power and heat
production is allocated to this sub-sector in accordance with the IPCC Guidelines.
The allocation approach used in submission 2012 has been used since submission
2010.
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Table 3.8. Allocation of fuel consumption and CO; emissions in 2009 from iron ore based
iron and steel industry on different CRF codes.

CRF Plant station Fuel consumption CO, emissions
2010 (TJ) 2010 (Gg)

1Alc Coke Oven 4069 313

1A2a Combusftlon in Rolling Mills + Power and Heat 4407 950
Production

1B1c Flare in Coke Oven (COG) 109 5
Blast Furnace + Steelworks (including Flaring

2C1-2 4t BFG and LD-gas) NA 2346

Total 3614

In previous submissions, transformation losses of energy in iron ore based iron and
steel industry were reported under CRF 1.A.5.a for all years. During 2011, a
SMED study®’ was made that concluded that the difference between energy (coal)
inserted in the processes and the energy from combustion of the fuels produced
(steel work gases) should be allocated to CRF 2.C.1, since the energy is lost as heat
in blast furnace and steelwork processes. This approach has been implemented in
submission 2012.

3.2.9.2.2 Secondary iron and steel works

Except for the primary iron ore based iron and steel works, this sector includes
emissions from for instance electric arc furnaces plants, iron ore pellet plants and
iron powder plants.

3.29.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

For the two largest facilities, the time series is very consistent as all data is
based on information from these facilities, and they have checked that the calcu-
lated emission and energy data is accurate. For CRF 1.A.2.a in total, the time series
is also considered to be consistent, despite the fact that the quarterly fuel survey is
used for most years and the yearly industrial energy survey for some years. The
quarterly fuel survey data is weighted to cover the same population as the yearly
industrial energy survey. A discussion on the reasons for changing data sources can
be found in Annex 2.

The CO, implied emission factors for solid fuels in CRF 1.A.2.a are higher
than for solid fuels in other industries, since a large proportion of the fuel used is
blast furnace gas which has a high carbon content compared to other solid fuels.
This also implies that the IEF varies between years, and it is considerably lower in
2009 than recent years because of the drop in blast furnace gas consumption. This
explains the fact aggregate CO, IEF for CRF 1.A.2.a is considerably lower in 2009
than in earlier years. See also section 4.4.1.2.2.

The uncertainty analysis tables are presented in Annex 7 and a general descrip-
tion of the uncertainties is presented in section 1.7. CO, from blast furnace gas,
coke oven gas and LPG are the largest sources of uncertainty in this sector. For

27 Gustafsson, Lidén & Gerner , 2011
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these fuels the activity data uncertainty is 5%. The CO, emission factor uncertainty
is 20% for blast furnace gas and coke oven gas, and 5% for LPG.

3.29.4  SOURCE SPECIFIC QA/QC AND VERIFICATION

In general, the same QA/QC procedures are used for CRF 1.A.2.a as for 1.A.1l.a
described above. In addition to this, fuel consumption for the year t-2 is verified
against the annual industrial energy survey on an aggregate level to check that the
weight factors for the year t-1 are reasonable. For the two largest facilities, all data
is collected directly from the company.

3.29.5 SOURCE SPECIFIC RECALCULATIONS

In submission 2011, preliminary data was used for 2009 for one facility. In submis-
sion 2012, more accurate data became available and thus 2009 data was revised.
The revision resulted in -24 Gg CO,, +0.007 Gg NO, and —0.027 Gg SO, in 2009
compared to submission 2011.

3.29.6  SOURCE SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.10 Non-Ferrous Metals (CRF 1.A.2.b)
3.2.10.1 SOURCE CATEGORY DESCRIPTION

This source category covers combustion-related emissions from seven aluminium
producers (ISIC 27420), six copper producers (ISIC 27440) and five facilities pro-
ducing various other metals. More detailed descriptions are given in section 4.
Fuel consumption shows a decreasing trend for the period 1990-2002, but from
2003 onwards, the inter-annual variations in fuel consumption for energy produc-
tion are relatively small and the copper- and aluminium producers account for
about 40% each. The most common fuel is LPG followed by natural gas. Smaller
amounts of heating oils are also used.
The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.9.

Table 3.9. Summary of source category description, CRF 1.A.2.b.

CRF Gas Key Category Assessment 2010 Method | EF All sources
Level Trend Qualitative estimated
1.A2b | CO; T2 CSs Yes
CHa T2 CS Yes
N2O T2 CS Yes

CS Country Specific. T2 Tier 2.
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3.2.10.2 METHODOLOGICAL ISSUES

Activity data is taken from industrial energy statistics for 1990-1996 and 2000-
2002, and from quarterly fuel statistics for 1997-1999 and 2003 and later. For more
details on these surveys see Annex 2.

As for all subcategories to CRF 1.A.2, for companies with less than 10 em-
ployees the Tier 1 method is used, since current data does not allow the Tier 2
methods to be used. Emissions from companies with less than 10 employees are
allocated to CRF 1.A.2.f.

3.2.10.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

As for CRF 1.A.2.a, time series consistency despite the changes in activity data
source is discussed in Annex 2. In 1999 there is a large jump in the time series due
to increased consumed amounts of natural gas. This has been identified as a possi-
ble reporting error for one facility, but original raw data from 1999 is no longer
available and hence revision is not possible.

The uncertainty analysis tables are presented in Annex 7 and a general descrip-
tion of the uncertainties is presented in section 1.7. In 1990, the largest contribution
to the aggregate uncertainty arises from CO, from “other solid fossil fuels” due to
the fact that the emission factor uncertainty for this quite unspecified fuel is as high
as 100%. In later years, this fuel is not used in CRF 1.A.2.b, and CO, from LPG
accounts for most of the uncertainty. The uncertainty is 5%, both in activity data
and in the CO, emission factor for this fuel. Activity data uncertainties are assigned
by expert judgements by staff at the energy statistics department of Statistics Swe-
den. Emission factor uncertainties have been assigned by national experts on emis-
sions from stationary combustion.

3.2.10.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

The same QA/QC procedures are used for CRF 1.A.2.b as for 1.A.2.a described
above. In addition to this, a detailed quality study of the non-ferrous metal industry
was performed in 2010.2% This study showed no reasons for revisions in CRF
1.A2.b.

3.2.10.5 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

3.2.10.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

28 Danielsson & Nystrom, 2010
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3.2.11 Chemicals (CRF 1.A.2.c)

3.2.11.1 SOURCE CATEGORY DESCRIPTION

The chemical industry produces a number of different products such as chemi-
cals, plastics, solvents, petrochemical products etc. In total, around 50 plants are
included, of which ten uses more than 90 % of the energy according to the activity
data used for emission calculations for this sector. The fuel consumption trend is
increasing since 1990, especially for liquid fuels, mainly due to increased use
within the basic plastic industry. Throughout the time series, liquid fuels account
for about 80% of the energy and gaseous fuels for 10-15%.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.10.

Table 3.10. Summary of source category description, CRF 1.A.2.c.

CRF Gas Key Category Assessment 2010 Method | EF All sources
Level Trend Qualitative estimated
1.A2.c CO; X X T2 CS Yes
CH4 T2 CS Yes
N.O T2 CS Yes

CS Country Specific. T2 Tier 2.

3.2.11.2 METHODOLOGICAL ISSUES

Activity data is, with exceptions mentioned below, collected from industrial energy
statistics for 1990-1996 and 2000-2002, and from quarterly fuel statistics for 1997-
1999 and 2003 and later. For more details on these surveys see Annex 2.
Generally, plants classified as I1SIC Division 24 according to ISIC Rev.3% in the
energy statistics are included in this sector, as recommended in IPCC 1996 Revised
Guidelines.
For one of the largest facilities, including two plants, ETS data is the activity data
source for 2008-2009. Before 2008, this facility was not fully covered by energy
statistics or ETS data, so environmental reports and several energy surveys were
used in order to get complete data for this important facility. As in other subcate-
gories of CRF 1A2, for companies with less than 10 employees the Tier 1 method
is used, since current data does not allow the Tier 2 methods to be used. Emissions
from companies with less than 10 employees are allocated to CRF 1.A.2.f.
According to environmental reports, the “other petroleum fuels” used in this sector
is a process by-product consisting mainly of methane. The fuel is produced at one
facility and used by several chemical industries in the same municipality.

In 2011, a consistent time series of the CO, emission factor for this fuel was
developed in cooperation with the facility that produces the fuel and hence it is
plant specific. The emission factor used in submission 2011, namely 55 kg CO,/GJ,

29 United Nations Statistics Division, 2010
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was verified by the company for the period 1990-2000. In 1999 to 2001, the proc-
ess that produces the gas was gradually modified by technological improvements,
resulting in an altered composition of the fuel. The proportion of hydrogen in-
creased, which gave a higher calorific value and lower CO, emissions. The com-
pany also provided a time series of CO, emissions covering the period 2001-2010,
which was used to calculate the year specific emission factors. These new emission
factors were implemented in submission 2012, and thus the inconsistent time series
used in submission 2011, where the “old” emission factor was used 1990-2007 and
the considerably lower emission factors reported to ETS were used for 2008-2009,
has now been corrected. For non-CO, emissions, emission factors for natural gas
are used as no specific emission factors are available and both fuels consist mainly
of methane.

3.2.11.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

As for CRF 1A2a and 1A2b, time series consistency despite the changes in activity
data source is discussed in Annex 2.

As mentioned above, fuel consumption in 2010 is higher than in 1990. How-
ever, since 2003 there is no distinct trend and the fuel consumption in 2009 was
about 10% lower than in 2008, which reflects the decreasing demand for this sector
in 2009. In 2010, fuel consumption increased to roughly the same level as in 2006-
2007.

As noted by the ERT, the implied emission factors for “other fuels” are vari-
able, especially in the early years. This is explained by the fact that municipal
waste has occasionally been combusted within the chemical industry, and most
years also “other non-specified fuels”. As these fuels have very different emission
factors for CO,, the relative amounts of these two fuels cause inter-annual varia-
tions in IEFs. The outlier value of 28.4 kg/GJ in 1992 is explained by the fact that a
small amount of municipal waste was combusted that year, but no “other non-
specified fuels”. It should be noted that the group “other fuels” accounts for a rela-
tively low share of the emissions compared to other fuel groups; typically around
5% of the emissions of fossil CO, within CRF 1.A.2.c.

The uncertainty analysis tables are presented in Annex 7 and a general descrip-
tion of the uncertainties is presented in section 1.7. CO, from methane-based gas
mixtures accounts for most of the uncertainty. The uncertainty in activity data is
5% and the emission factor uncertainty is assumed to be 10% based on the varia-
tion in plant specific values. Activity data uncertainties are assigned by expert
judgements by staff at the energy statistics department of Statistics Sweden.

3.2.11.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
In general, the same QA/QC procedures are used for CRF 1A2c as for 1.A.2.a-b
described above.

In the development project in 2010%° mentioned above, the activity data time
series 1990-2008 for all fuel types and all facilities within the chemical industry

0 Gustafsson, Nystrém & Gerner, 2010
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were thoroughly reviewed. Reported emissions and activity data in CRF 1 and 2
were analysed on plant level and verified against environmental reports and when
necessary, the plants were contacted for explanations or complementary data.

3.2.11.5 SOURCE-SPECIFIC RECALCULATIONS

As mentioned above, the CO, emission factor for methane-based gas mix-
tures 2001-2009 was revised in submission 2012. The differences in CO, emissions
compared to submission 2011 are shown in Table 3.11below.

Table 3.11 Difference in CO, emissions submission 2012-2011, CRF 1.A.2c

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009

Gg CO2 +64 -71 -53 -129 -35 -110 -190 -34 -30

Carbide furnace gas was in earlier submissions erroneously allocated to liquid
fuels. As the gas is a by product when carbides are produced from coke, the correct
allocation is to solid fuels. This reallocation means that compared to submission
2011, minor emissions are moved from liquid fuels to solid fuels.

3.2.11.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.12 Pulp, Paper and Print (CRF 1.A.2.d)

3.2.12.1 SOURCE CATEGORY DESCRIPTION

In 2010 there were 41 paper mill plants, 165 sawmills (production capacity

>10 000 m%/year) and 41 pulp industry plants in Sweden. In total, they were pro-
ducing 11.4 million tonnes of paper, 17.0 million m? of sawn timber and 11.9 mil-
lion tonnes of pulp. 3! Since 1990, production has had an increasing trend, but not
in the latest few years. There is no apparent trend in total fuel consumption since
1990, but in recent years, the share of energy from biomass fuels has increased.

The summary of the latest key category assessment, methods and EF used, and

information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.12.

Table 3.12. Summary of source category description, CRF 1.A.2.d

CRF Gas Key Category Assessment 2010 Method | EF All sources
Level Trend Qualitative estimated
1.A2d | CO, T2 CSs Yes

3 The Swedish Forest Industries Federation, 2011
http://skogsindustrierna.org/web/Statistik_om_skogsindustri.aspx
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CHa T2 CS Yes

N20 T2 CS Yes

CS Country Specific. T2 Tier 2.

3.2.12.2 METHODOLOGICAL ISSUES

Emissions from processes in the Pulp, paper and print industry are reported under
CRF 2D1 according to IPCC Guidelines. See chapter 4.5.

Activity data is, collected from industrial energy statistics for 1990-1996 and
2000-2002, and from quarterly fuel statistics for 1997-1999 and 2003 and later. For
more details on these surveys see Annex 2.

As for CRF 1.A.2 in general, for companies with less than 10 employees the
Tier 1 method is used, since current data does not allow the Tier 2 methods to be
used. Emissions from companies with less than 10 employees are allocated to CRF
1A2f,

Emissions from combustion of sulphur lyes are presently not reported in CRF
1A2d as this activity has been considered as an industrial process.

3.2.12.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

As for CRF 1A2 in general, time series consistency despite the changes in activity
data source is discussed in Annex 2. The fluctuating IEFs for liquid fuels reflect
variations in fuel mix. In the 1990s, petroleum coke was used in some facilities,
and in the latest years, combustion of heavy heating oils has decreased a bit. Fuels
classified as “other fuels” are scarcely occurring in this CRF category, and as in
1A2c, the large variations in IEFs are caused by occasional use of municipal waste.

In recent years, the relative amount of biomass has increased and the relative
amounts of liquid fuels, especially residential fuel oil, have decreased. One effect
of the increasing share of biomass is that emissions of fossil CO, per TJ of total
fuel consumption is decreasing. This is the reason behind the fact that fossil CO,
emissions were lower in 2008 than in 2007, despite the fact that the fuel consump-
tion was higher in 2008 than in 2007.

The uncertainty analysis tables are presented in Annex 7 and a general descrip-
tion of the uncertainties is presented in section 1.7. N,O from wooden fuels and
CO, from residual fuel oil are the greatest contributors to the aggregate uncertainty
in this sector. The activity data uncertainty is 2% for all years for both of these
fuels. The N,O emission factor uncertainty for wood is 40% and the CO, emission
factor for residual fuel oil is 1%. Activity data uncertainties are assigned by expert
judgements made by persons in the energy statistics department at Statistics Swe-
den. Emission factor uncertainties have been assigned by national experts on emis-
sions from stationary combustion.

3.2.12.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

In general, the same QA/QC procedures are used for CRF 1A2d as for 1Ala
and 1A2a—c described above.
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3.2.12.5 SOURCE-SPECIFIC RECALCULATIONS
Minor corrections of data have been performed.

3.2.12.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.13 Food Processing, Beverages and Tobacco (CRF 1.A.2.e)

3.2.13.1 SOURCE CATEGORY DESCRIPTION

The food and drink industry is the fourth largest branch of industry measured
as production value and number of employees. There are about 3200 companies, of
which only around 650 have more than 10 employees. ** The largest number of
companies and employees are found in the bakery industry, but the most energy
intensive branch is the sugar industry which accounts for about 25% of the fuel
consumption in 1A2e. Dairies, breweries, producers of refined vegetable fats and
potato products are other industries with significant fuel consumption (around 7-
12% each of the fuel consumption in 1.A.2.e). The fuel consumption varies be-
tween years. A slight decrease can be observed since 1990. In later years, liquid
and gaseous fuels account for about 40-45% each of the total fuel consumption.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.12.

Table 3.13. Summary of source category description, CRF 1.A.2.e

CRF Gas Key Category Assessment 2010 Method | EF All sources
Level Trend | Qualitative estimated
1.A2.e | CO; T2 CS Yes
CH, T2 CS Yes
N.O T2 CS Yes

CS Country Specific. T2 Tier 2.

3.2.13.2 METHODOLOGICAL ISSUES

Activity data is collected from industrial energy statistics for 1990-1996 and 2000-
2002, and from quarterly fuel statistics for 1997-1999 and 2003 and later. For more
details on these surveys see Annex 2. For companies with less than 10 employees
the Tier 1 method is used, since current data does not allow the Tier 2 methods to
be used. Emissions from companies with less than 10 employees are allocated to
CRF 1.A.2.f.

82 The Swedish Food Federation 2009-09-16
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3.2.13.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

As for CRF 1.A.2 in general, time series consistency despite the changes in activity
data source is discussed in Annex 2. As for other categories in CRF 1.A.2, the IEFs
are slightly variable between years due to variations in fuel mix. The uncertainty
analysis tables are presented in Annex 7 and a general description of the uncertain-
ties is presented in section 1.7. In the early 1990’s, CO, from residual fuel oil was
the largest source of uncertainty, followed by CO, from natural gas. In recent
years, CO, from natural gas accounts for most of the uncertainty. For both fuels,
the activity data uncertainty is 5%. CO, emission factor uncertainty is 1% and 5%
for residual fuel oil and natural gas, respectively. Activity data uncertainties are
assigned by expert judgements made by persons in the energy statistics department
in Statistics Sweden. Emission factor uncertainties have been assigned by national
experts on emissions from stationary combustion.

3.2.13.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

Generally, the same QA/QC procedures are applied for 1.A.2.e as for other 1.A.2
categories described above.

3.2.13.5 SOURCE-SPECIFIC RECALCULATIONS
Minor correction of data has been performed.

3.2.13.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.14 Other Industries (CRF 1.A.2.f)

3.2.14.1 SOURCE CATEGORY DESCRIPTION

This source category is by nature quite heterogeneous. Both stationary and mobile
emission sources are included. The stationary sources included are combustion
within ISIC 10-37 except from the branches separately reported in 1.A.2.a-1.A.2.¢,
and stationary combustion within all companies with less than 10 employees re-
gardless of branch, and stationary combustion within the construction sector. The
mobile emission sources included in this sector are off-road vechicles and working
machinery used in the construction and manufacturing industry.

In terms of stationary fuel combustion and emissions, three branches of indus-
try are dominating; non-metallic mineral production (ISIC 26), manufacturing of
wood products (ISIC 20), and mining industry (ISIC 13). In ISIC 20, however,
biomass fuels are dominating and hence the emissions of fossil CO, from this
branch of industry are low. The construction industry also accounts for a signifi-
cant share of fuel consumption and emissions. The fuel consumption varies be-
tween years, but for stationary combustion within 1.A.2.f in total, it has decreased
slightly since 1990. Liquid and biomass fuels account for most of the decrease. For
mobile combustion, i.e. off road vehicles and working machinery, fuel consump-
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tion in 2010 was about 22% higher than in 1990 but the trend has been slightly
variable.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.14.

Table 3.14. Summary of source category description, CRF 1.A.2.f

CRF Gas Key Category Assessment 2010 Method | EF All sources
Level Trend Qualitative estimated
1.A2f CO» X X T1,T2 CS Yes
CHay T1,T2 CS Yes
N20 X T1,T2 CS Yes

CS Country Specific. T1 Tier 1. T2 Tier 2.

3.214.2 METHODOLOGICAL ISSUES

For emissions from stationary combustion, the Tier 2 method is used with the
following exception: For the construction industry and for companies with less
than 10 employees the Tier 1 method is used, since current data does not allow the
Tier 2 method to be used. Stationary fuel combustion in the construction sector is
shown below (Table 3.15).

Table 3.15 Stationary fuel combustion in the construction sector, TJ.

Year LPG Domestic hea- Residual fuel | Natural gas
ting oil oil

1990 46 5051 420 39
1996 46 4692 382 79
2000 46 4621 382 40
2005 46 1254 265 501
2006 46 1329 272 507
2007 46 1391 269 507
2008 92 1440 263 498
2009 92 1460 246 462
2010 141 1686 148 542

Emissions from stationary combustion in mining and quarrying and in the
manufacturing of various products such as textiles, wearing apparel, leather, wood
and wood products, rubber and plastics products, other non-metallic mineral prod-
ucts, fabricated metal products and manufacturing of different types of machinery,
are calculated with activity data from the industrial energy statistics for 1990-1996
and 2000-2002, and from the quarterly fuel statistics for 1997-1999 and 2003 and
later. For more details on these surveys see Annex 2.

Emissions from all companies with less than 10 employees are estimated and
reported under CRF 1.A.2.f. Activity data are collected from Statistics Sweden®.

33 Statistics Sweden, EN20SM 1990-2010. See also Annex 2.
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Emissions are minor and with current data not possible to separate on different
industry sectors.

Emissions from stationary combustion in the construction industry are calcu-
lated with activity data from Statistics Sweden.** The methodology used for this
sub-category is the same as for stationary combustion in the Other sector, see sec-
tion 3.2.20.4.1. Activity data is basically from the annual energy balances, except
for the latest emission year. However, the data in Table 3.15 differ slightly from
the official energy balances due to use of slightly different calorific values espe-
cially for earlier years.

Since 2002, for one glassworks plant, it is no longer possible to separate com-
bustion emissions of SO, from process emissions. The reason is that the facility has
restructured its environmental report, and only reports emissions of SO, on an
aggregate level. The median value for the share of process related SO, emissions to
the total SO, emissions is 2 % for the years 1990 - 2001. Emission data reported in
the plants environmental report are considered to be more accurate than emissions
calculated from fuel combustion with standard emission factors. Thus for practical
reasons, SO, and NOyx emission data available from environmental reports are re-
ported in CRF 2A7. All other energy related emissions for this facility are reported
in CRF 1A2F.For 2008 and later, activity data for the three plants within the ce-
ment production industry is taken from the EU ETS system.

Emissions from mobile combustion refer to off-road vehicles and other ma-
chinery including various maobile vehicles and machines as for example tractors,
dumpers, cranes, excavators, generators, wheel loaders, sorting works, pump unit
and any other mobile machine in industry that run on petroleum fuels. The model
used to estimate emissions from off-road vehicles and other machineries is consid-
ered to correspond to Tier 2. The model is further explained in Annex 2.

3.2.143 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

As for CRF 1A2 in general, time series consistency despite the changes in activity
data source is discussed in Annex 2. As for other categories in CRF 1.A.2, the IEFs
are vary slightly between years due to variations in fuel mix. In earlier submis-
sions, the EC (European Commission) has asked for clarification of the drop in
wood consumption in 2000 compared to earlier years. This issue has not been pri-
oritized, but since the annual wood consumption 2001-2009 is considerably lower
than in the 1990s, there is no reason to believe that the activity data for 2000 is
incorrect.

CO, from diesel and heating oils are the largest sources of uncertainty in GHG
emissions within CRF 1.A.2.f. The activity data uncertainty for all heating oils
within this sector is as high as 20% on an aggregate level, due to the fact that emis-
sions from the construction sector and small industries are estimated with the Tier
1 method. The activity data uncertainty for diesel combusted in off- road vehicles
and working machinery is 5%. The CO, emission factor uncertainty is 1%, whereas
the CO, emission factor uncertainty for diesel is as high as 10%. This uncertainty

34 Statistics Sweden, EN20SM 1990-2010. See also Annex 2.
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estimate was assigned when the method for emission calculations for off- road
vehicles and working machinery was revised in 2008, and it will most likely be
updated in submission 2012.

3.2.14.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

Generally, the same QA/QC procedures are applied for 1A2f as for other 1.A.2
categories described above. In some earlier submissions, extensive QA/QC and
verification efforts have been made for the other sectors including the construction
industry. This is described in section 3.2.20.4.1below.

3.2.145 SOURCE-SPECIFIC RECALCULATIONS

Activity data for the construction sector has been revised for 2008-2009 fol-
lowing revisions of the annual energy balances. Compared to submission 2011,
stationary fuel consumption in 1.A.2.f is 2.3% higher in 2008 and 1.5% higher in
2009. The difference in emissions is 92 and 56 Gg CO, equivalents respectively.

The methodology for estimating emissions from off-road vehicles and working
machinery was revised in submission 2012. The revision did not imply an updated
methodology, but aimed to simplify the use of the model and at the same time up-
date some emission factors, activity data and the allocation of emissions to differ-
ent sectors. Allocation of emissions from off-road vehicles and working machinery
is based on a report by Flodstrém (et al)®. This is the most recent inventory includ-
ing an allocation of working machinery to sectors in Sweden.

Changes in emissions from off road vehicles and working machinery compared to
submission 2011 due to updated activity data, emission factors and the sectoral
allocation is shown in Table 3.16.

Table 3.16. Changes in emissions from off road vehicles and working machinery compared
to submission 2011. A positive percentage shows an increase in emissions in submission
2012 and vice versa.

1990 2008 2009 1990 2008 2009

CRF COs eq. COs eq. COs eq. TJ TJ TJ

Total 0.25% 3.13% 4.71% -6.49 1304.37 1997.47
1.A.2.f; Industry -13% -8% -5% 1353 -133 -284
1.A.3.e; Other 85% 88% 89% -619 -205 -8
1.A.4.b; Households 19% 43% 49% -2810 -1859 -1300
1.A.4.c Farming 21% 202% 204% 1591 1854 1879
1.A.4.c Forestry -12% -3% 0% 478 1647 1711

3.2.14.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

® Flodstrom et al 2004. Uppdatering av utslapp till luft fran arbetsfordon och arbetsredskap for Sveriges
internatonella rapportering.
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3.2.15 Civil Aviation (CRF 1.A.3.a)

3.2.15.1 SOURCE CATEGORY DESCRIPTION

Presently data are provided for a total of 41 airports with regular and/or charted air
traffic. The national government administers 19 of these airports, while the remain-
ing 22 are private and/or administered by local government.* The traffic routed
through governmental airports account for about 90 % of the total fuel consump-
tion within the civil aviation sector.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.17.

Table 3.17. Summary of source category description, CRF 1.A.3.a.

CRF Gas Key Category Assessment 2010 Method EF All sources
Level Trend | Qualitative estimated
1.A.3.a | COz T1 CS Yes
CHgy T2, M D, M Yes
N2O T2, M D, M Yes

CS Country Specific. T1 Tier 1. T2 Tier 2. M Model. D Default.

3.2.15.2 METHODOLOGICAL ISSUES

Sweden uses the Tier 1 method for CO, and Tier 2a for all other gases.

Emissions from aviation in agricultural and forestry sectors are currently re-
ported together with domestic aviation. Emissions from military use of aviation
fuels are reported under Other — mobile sources (CRF 1.A.5.b).

The emissions from aviation reported to the UNFCCC are estimated using both
data on supply and delivery of petroleum products from Statistics Sweden (see
Annex 2) together with fuel- and emissiondata from the Swedish Transport Agency
(SCAA).

The Swedish Transport Agency (SCAA) publishes for 2010 information on
aviation emissions from all Swedish airports with regular and chartered flights in
annual environmental reports. Since from 2010 there is no separate reporting on
emissions from governmental respectively private airports, instead a total is re-
ported. SCAA include the traffic from a number of non-governmental airports in
their estimates from 2005 and almost all Swedish airports from 2006.

The methodology for calculating national emissions is the same for all years.
The fuel consumption and emissions published by the SCAA are calculated by the
Swedish Defence Research Agency (FOI). FOI uses statistics on the number of
flights between cities, type of aircraft, amount of fuel needed for different flights
and emissions per fuel on specific flights based on data on aircraft performance
during different phases of the flight and the distance between destinations.

To estimate fuel consumption and emissions from domestic landing and take-
off (LTO) FOI uses two models — HARP (HAsselrot’s Reviewed Pollutions) and

3% Swedish Transport Administration.
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PIANO (Project Interactive Analysis and Optimization). HARP is used for estimat-
ing national Times in Mode (T1M) and PIANO is used for calculating the fuel con-
sumption and emissions. Due to the fact that the Swedish airports generally are
smaller than international airports in other countries, taxi times are much shorter
for domestic flights and climb-out and take-off times are often shorter as well.
Hence traffic from Swedish airports needs less fuel and give rise to lower emis-
sions compared to the International Civil Aviation Organization (ICAQO) standards
that the IPCC guidelines follow.*” For international flights, ICAO standard taxi
time has been used for the part of the LTO cycle occurring on international air-
ports.*®

The results from the emissions calculations are aggregated into four groups:
domestic landing and take-off (LTO), domestic cruise, international LTO and in-
ternational cruise. This is in line with the IPCC guidelines and data of good quality
exists from 1995 and onwards.

Emissions of CO; are based on fuel delivery statistics and national thermal
values from Statistics Sweden and emission factors from the Swedish EPA. Quotas
for distributing the CO, emissions to domestic and international LTO and cruise
are based on information on CO, emissions from the Swedish Transport Agency.

For 1990-1994 there are no quotas available for distributing CO, emissions on
domestic and international LTO and cruise. As a result are CO, emissions esti-
mated as described by Figure 3.4.

3; Gustafsson, 2005.
Nas, 2005.
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Figure 3.4. Model for estimating Domestic/International LTO/Cruise 1990-1994.

Due to the lack of activity data, all non-CO, emissions for 1990-1994 are cal-
culated by SMED in cooperation with the SCAA. Emissions of CO are calculated
by comparing the 1995 relationship between CO and CO, and using the same ratio
(4.85 % of CO, emissions) for 1990-1994. Emissions of NOx are calculated in a
similar way. The ratio is relatively stable over the years and therefore the mean
value of 1995-2004 (4.03 % of CO, emissions) is used for 1990-1994. Emissions
of HC for 1990-1994 are calculated by extrapolation.

From 1995 and onwards, emissions of SO,, NOx, CO and HC are based on in-
formation from the SCAA and adjusted to match the delivered amount of aviation
fuels. Emissions of NMVOC and CH, are estimated based on information on emis-
sions of HC from the SCAA and emission factors from the IPCC guidelines.

N,O emissions for LTO are estimated using information on the number of LTO
cycles from the SCAA together with emission factors from IPCC. N,O emissions
for cruise are based on delivered amounts of fuel for cruise activities estimated by
FOI, adjusted to be in line with fuel delivery statistics, together with emission fac-
tors according to the IPCC guidelines.

SCAA have received information on LTO emissions for 2001 and 2002 from
19 non-governmental airports and estimated CO, and NOx emissions for all non-
governmental airports based on this information. Adding together emissions of
CO; and NOx from both governmental and non-governmental airports provides a
good estimate of the aviation emissions at national level. A comparison between
these data and the ones calculated using the Tier 1 method shows good coherence
with a variation of only 2-5 %.

In 2006, the Swedish Transport Agency (SCAA) responded to the governmen-
tal call to reduce response burden on statistical compilations. As a result, private
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aviation as well as educational training flights and military are no longer covered in
the SCAA reports on fuelconsumption and emissions from aviation as from 2007.
However, the fuel consumption and emission data estimated by FOI was already
too low, since their model underestimate the flightroute. The model estimates the
fuel consumption based on the shortest distance between airports, which often is
incorrect. The model also discounts extra fuel consumption due to“holding”, e.g.
when the airplane has to circulate above the airport before landing.

But as the fuel consumption estimated by FOI is adjusted to correlate with the
statistics of the national fuel deliveries of jet kerosene and aviation gasoline for
reporting to the UNFCCC, all emissions are consequently adjusted to correlate with
these statistics. So the missing data from the private aviation as well as educational
training flights is as a result adjusted to correalate with the supply in Sweden and is
therefore included.

The emissions of NMVOC have decreased noticeably in the last years. The
reason for this is a that specific type of airplane (MD-80/82), which is a major
contributor to these emissions, is being phased out.

3.2.15.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

In order to maintain consistency with the time-series the estimation procedures
have been developed as described above. However, due to the fact that some of the
estimations are not based on activity data but on other factors as LTO cycles, a
certain degree of uncertainty exists.

The uncertainty analysis tables are presented in Annex 7 and a general descrip-
tion of the uncertainties is presented in section 1.7.

3.2.15.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

All Tier 1 general inventory level QC procedures and all QC procedures listed
in GPG section 8.1.7.4 applicable to this sector are used. The activity data has, of
course, been subject to QA/QC procedures prior to the publishing. In addition, the
consumption of every type of fuel in the last year is checked and compared with
previous years. If large variations are discovered for certain fuels, responsible staff
is contacted for an explanation. IEFs are calculated per fuel, substance and CRF-
code and checked against the emission factors to make sure that no calculation
errors have occurred when emissions were computed.

3.2.155 SOURCE-SPECIFIC RECALCULATIONS

Incorrect activity and emission data was used in submission 2011. This was
due to the problem with exclusion of private aviation as well as educational train-
ing flights and military in the calculations of fuel consumption and emissions exe-
cuted by SCAA (Swedish Transport Agency). The data has been corrected and
adjusted to correspond to actual fuel consumption.
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3.2.15.6  SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.16 Road transport (CRF 1.A.3.b)

3.2.16.1 SOURCE CATEGORY DESCRIPTION

Road transport is the single largest source category contributing to the total na-
tional greenhouse gas emissions (excluding LULUCF) in Sweden, all years. It
includes several vehicle categories: Passenger cars, Light duty vehicles, Heavy
duty vehicles and Mopeds & Motorcycles. Gasoline is the most common fuel used
for road transports in 2010, but since 2002 emissions of CO, from gasoline has
steadily been reduced mainly due to the increased number of diesel powered pas-
senger cars and the introduction of biofuels.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-

sented in Table 3.18.

Table 3.18. Summary of source category description, CRF 1.A.3.b.

CRF Gas Key Category Assessment 2010 Method EF All sources
Level Trend | Qualitative estimated
1.A3b | CO; X X T1 CS Yes
CH4 X M, T1 CS, M Yes
N2O M, T1 CS, M Yes

CS Country Specific. T1 Tier 1. M Model.

3.2.16.2 METHODOLOGICAL ISSUES

Emissions of CO, and SO, from road traffic are based on statistics on supply
and delivery of petroleum products (see Annex 2), in accordance with the IPCC
Guidelines Tier 1. Emissions of CO, from combustion of gasoline and diesel are
based on thermal values from SP1*° and country-specific emission factors from
Statistics Sweden and the Swedish EPA as shown in Appendix 1.

Prior to submission 2007, emissions of SO, from diesel and gasoline were
based on the maximum allowed sulphur content of different environmental classes.
Data on maximum allowed sulphur content was provided by SPI. As from submis-
sion 2007, emissions of SO, are based on the actual sulphur content for the differ-
ent environmental classes of petrol and diesel fuel. The data on actual sulphur con-
tent, provided by Swedish Transport Administration (STA), is based on estimates
made by VTI* for the years 1990-2001, and on fuel analysis from SPI from 2001
and onwards.

The amount of gasoline and the emissions of CO, and SO, from the use of gas-
oline by ”Bifuel E85/petrol” and ”Bifuel CNG” vehicles are reported under “Pas-

39 Swedish petroleum institute. www.spbi.se
Swedish Road- and Transport Research Institute.www.vti.se
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senger cars” and the fuel type “gasoline”. The rest of the emissions generated by
”Bifuel E85/petrol” and “Bifuel CNG” vehicles are estimated under respectively
vehicle cathegory.

CO, and SO, from natural gas and biofuels are estimated using statistics on de-
liveries for natural gas, biogas, ethanol and FAME. The thermal value and emis-
sion factor for CO, from ethanol have changed as from submission 2012 and have
also been adjusted for 1990-2009*. This results in a decrease of the CO, emissions
by 1.48 % for all years. The thermal value and emission factor for FAME, as well
as for natural gas, have been provided by the SEPA. Emissions of CO,from bio-
gas, ethanol (including ethanol admixture) and FAME are reported as biomass and
not included in the national totals.

Emissions of all other substances are provided by the Swedish Transport Ad-
ministration, STA. The STA has since 2004 (submission 2006) used the EU road
traffic emission model ARTEMIS (Assessment and Reliability of Transport Emis-
sion Models and Inventory Systems) to estimate emission from road traffic, but as
from 2010 (submission 2012) the STA employs the newly updated road traffic
emission model HBEFA 3.1 instead.

HBEFA 3.1 is the most recent version of HBEFA which dates from January
2010 and is a fusion between ARTEMIS and earlier models of HBEFA. The most
prominent difference in the new model is the inclusion of the latest exhaust emis-
sion control technology (Euro V and Euro 4/5 with a particle filter). All emission
factors have also been renewed and there has been an update of the vehicle fleet,
the composition of the fuel and the current traffic work. There has also been an
update of the road map based on the new speeding system for 2010,

The HBEFA 3.1 model has been used to calculate most emissions. In the ma-
terial from HBEFA, emissions of N,O and CH, from HDV and passenger cars
running on Ethanol, Natural gas and Biogas are missing. These are calculated sepa-
rately.

Data from the HBEFA 3.1 model is separated by fuel type and four vehicle
types: Passenger cars, Light commercial vehicles, Heavy-duty vehicles (including
bus) and Mopeds & Motorcycles. Estimated fuel consumption per fuel and vehicle
type is used to proportionally allocate national fuel statistics over those categories.

Emissions of CH,4, N,O, NOx, CO and NMVOC are according to HBEFA 3.1
data adjusted for military transport.

The fuel consumption and CO, emissions estimated by the STA differ slightly
from those reported to the UNFCCC. The STA aims to describe what is emitted on
Swedish roads, regardless of where the fuel was bought or the nationality of the
vehicles. According to IPCC Guidelines, the inventory should only account for
emissions from fuel purchased in Sweden. An overview of the two different objec-
tives is presented in Table 3.19.

a1 Fridell et al. 2010. "Uppdatering av klimatrelaterade emissionsfaktorer”.
Swedish Transport Administration (STA). Leverans av data till klimatrapportering 2012, vagtrafik.
2011
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Table 3.19. Emissions from road transport reported by the STA and in the CRF.

Fuel bought in  Traffic on Traffic in Sweden, Traffic to/from Traffic in other
Swedish roads not on roads other country countries
Sweden CRF1.A3.b CRF1.A3.b CRF1.A3b* CRF1.A3b*
STA STA to the Swed-
ish border
Other country STA Not reported STA tothe Swed-  Not reported
ish border

* Since the IPCC Guidelines do not consider international bunkers for road transportation, all
emissions from road traffic and fuel bought in Sweden are considered to be domestic and thus
reported under CRF 1A3b.

As from submission 2011, emissions of CH, and N,O from ethanol used by
passenger cars and HDV (Heavy Duty Vehicles) are estimated. The emissions are
based on an implied emission factor derived from activity data and emissions from
gasoline and AD from HBEFA 3.1.

As from submission 2012 additionally emissions of CH4 and N,O from natural
gas and biogas are also estimated, using statistics on deliveries of natural gas and
biogas. The emission factors used originate from a report published by Paulrud,
Fridell and Stripple (2009)*. These emissions are not provided by either
ARTEMIS or HBEFA 3.1 (except in ARTEMIS where emissions of CH, from
CNG were calculated).

Military transport emissions are reported under CRF 1A5b to be in accordance
with the IPCC Guidelines, except for Military road transport which is included in
the road traffic emissions estimated by HBEFA 3.1. To subtract and separate emis-
sions from military transport from emissions from civil road transport, emissions
from HBEFA 3.1 for each vehicle type are reduced by an amount equal to the
weight of the fuel consumption reported by the Swedish Armed Forces relative to
the fuel consumption from national statistics allocated to civil road transport, ac-
cording to:

A = B - 3((C-D)/C*E))

A = Military transport emissions

B = Total HBEFA emissions

C =Total fuel consumption National Statistics

D = Military fuel consumption Swedish Armed Forces

E;= HBEFA emissions per vehicle type

3.2.16.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY
Activity data for natural gas and ethanol is available from 1990, while reliable
activity data for biogas exists from 1996 and for FAME from 1999.

One important basic parameter for the HBEFA -model is vehicle-km, which is
calculated through another model. This second model is based on the mileage
driven by the vehicle noted at time of MOT (annual testing of the vehicle).

a3 Paulrud, Fridell Stripple. Uppdatering av klimatrelaterade emissionsfaktorer. IVL report 2nd edition
2009
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A passenger car that goes through MOT in the beginning of 2009 has driven
the most part during 2008. If the development of traffic is without interruption this
issue is not a problem for the calculations. However, if a sudden event occurs, such
as a drop in the economy as seen recently it will not be shown as clearly in the
development of vehicle mileage as in statistics on fuel consumption. One example
is for example the calculations of N20 which is actually increasing slightly despite
a decreasing fuel consumption overall.

The uncertainty analysis tables are presented in Annex 7 and a general description
of the uncertainties is presented in section 1.7.

3.2.16.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

All Tier 1 general inventory level QC procedures and all QC procedures listed
in GPG section 8.1.7.4 applicable to this sector are used. The activity data has, of
course, been subject to QA/QC procedures prior to the publishing of quarterly fuel
statistics. In addition to this, the consumption of every type of fuel in the last year
is checked and compared with previous years. If large variations are discovered for
certain fuels, responsible staff is contacted for an explanation. IEFs are calculated
per fuel, substance and CRF-code and checked against the emission factors to
make sure that no calculation errors have occurred when emissions were computed.

3.2.16.5 SOURCE-SPECIFIC RECALCULATIONS

The change of road vehicle emission model from ARTEMIS to HBEFA 3.1 re-
sulted in revised emissions for all emissions except CO, and SO,, since these are
based on statistics of fuel deliveries in Sweden. The change in emissions of CH,4
and N,O can be seen in figure 3.5 and figure 3.6. The difference between the two
emission models with regard to methane emissions arise from cold starts estima-
tions as a result of the new cold start model. The reason for the difference in levels
of emissions of N,O between ARTEMIS and HBEFA 3.1 also lies in the new cold
start model in HBEFA 3.1. The increase for HBEFA 3.1 for the last years that can-
not be seen in ARTEMIS depends on that that HBEFA 3.1. is later updated and
also include measurements on the latest technology with exhaust aftertreatment
equipment on HDV.

Further information on the effects from the change of road emission model can
be found in Annex 3.

A minor part of the allocation of gasoline and diesel oil to road traffic was af-
fected by a revision of the methodology to estimate emissions from off-road vehi-
cles and working machinery.

125



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2012

1000 ton

10

— CH4 ARTEMIS

- \ = CH4 HBEFA
3
i \-"\
8 ‘\\\‘“-

§ ~
S~

~—

1

I:l T T T T
19490 1992 1994

T T T T T T T
1996 1993 2000 2002 2004 2008 2008

Figure 3.5 Emissions of CH4 estimated by ARTEMIS and HBEFA.
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Figure 3.6. Emissions of N20 estimated by ARTEMIS and HBEFA.

The thermal value and emission factor for ethanol have changed as from sub-
mission 2012 and consequently also for all the years 1990-2009. This results in a
decrease of the CO, emissions by 1.48 % for all years.
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As from the resubmission of 2011, emissions of CH, and N,O from ethanol
used by passenger cars and HDV (Heavy Duty Vehicles) are estimated. The calcu-
lations are based on an implied emission factors for gasoline and AD from HBEFA
3.1. The activity data for ethanol is based on the ethanol used in E85 cars and HDV
and the ethanol mixed into gasoline (~5 %) is not included. The emissions of CH,
and N,O from this ethanol is included in the emissions from gasoline.

As from submission 2012 additionally emissions of CH4 and N,O from natural
gas and biogas are also estimated, using statistics on deliveries of natural gas and
biogas. The emission factors used originate from a report published by Paulrud,
Fridell and Stripple (2009)*. These emissions were neither calculated in
ARTEMIS nor in HBEFA 3.1 (except for emissions of CH,from CNG in
ARTEMIS).

Correction of previous minor erroneous data also occurs.

3.2.16.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.17 Railways (CRF 1.A.3.c)

3.2.17.1 SOURCE CATEGORY DESCRIPTION

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.20.

Table 3.20. Summary of source category description, CRF 1.A.3.c.

CRF Gas Key Category Assessment 2010 Method EF All sources
Level Trend | Qualitative estimated
1.A3.c | CO; T1 CS Yes
CH, T1 CR,CS | Yes
N.O T1 CR,CS | Yes

CS Country Specific. CR CORINAIR. T1 Tier 1.

The majority of all railway traffic in Sweden runs on electricity. Only a small part
runs on other fuels i.e. diesel fuel. According to IPCC’s guidelines emissions re-
lated to the use of electricity for railway should not be included in this sector. Pro-
duction of electricity is accounted for in CRF 1A1A, regardless of where it’s con-
sumed.

3.2.17.2 METHODOLOGICAL ISSUES

The Tier 1 method is used. Information on emissions from railways is provided by
the Swedish National Rail Administration, as estimates on the amount of diesel

a4 Paulrud, Fridell Stripple. Uppdatering av klimatrelaterade emissionsfaktorer. IVL report 2nd edition
2009
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consumed as well as estimates on emissions of CO,, SO,, NOx, NMVOC, CH,,
CO, HC and N,0.

Emission estimates are calculated based on the estimated diesel consumption
together with emission factors from three different sources. Emission factors used
for calculating CO, emissions are supplied by the Swedish Petroleum Institute®,
whereas emission factors used for NOx and CO estimates are provided by the
Swedish Transport Agency. Remaining emissions are calculated based on default
emission factors from EMEP/CORINAIR.

3.2.17.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

Overall, the emissions for CRF 1.A.3.C is consistent over time and associated with
low uncertainties. The estimate of diesel consumption is based on fees paid by the

rail operators and is considered to be of very high quality.

The uncertainty analysis tables are presented in Annex 7 and a general description

of the uncertainties is presented in section 1.7.

3.2.17.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

All quality procedures according to the Swedish QA/QC plan (including the Man-
ual for SMED’s Quality System in the Air Emission Inventories) have been im-
plemented during the work with this submission.

All Tier 1 general inventory level QC procedures and all QC procedures listed
in GPG section 8.1.7.4 applicable to this sector are used. The activity data has, of
course, been subject to QA/QC procedures prior to the publishing of quarterly fuel
statistics. In addition to this, the consumption of every type of fuel in the last year
is checked and compared with previous years. If large variations are discovered for
certain fuels, the staff responsible is contacted for an explanation. IEFs are calcu-
lated per fuel, substance and CRF-code and checked against the emission factors to
make sure that no calculation errors have occurred when emissions were computed.

3.2.17.5 SOURCE-SPECIFIC RECALCULATIONS
Corrections of previous minor erroneous data have been made.

3.2.17.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.18 Navigation (CRF 1.A.3.d)

3.2.18.1 SOURCE CATEGORY DESCRIPTION

The sector covers domestic navigation and leisure boats. Emissions from fuels that
are purchased in Sweden but used abroad are reported separately as international
bunker emissions.

45www.spi.se August 2005
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CO, emissions from navigation does not show any perticular trend, but fluctu-
ates over time.
The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.21.

Table 3.21. Summary of source category description, CRF 1.A.3.d.

CRF Gas Key Category Assessment 2010 Method EF All sources
Level Trend | Qualitative estimated
1.A.3d CO» X X T1 CS Yes
CHg4 T1 CR, CS Yes
N2O T1 CR, CS Yes

CS Country Specific. CR CORINAIR. T1 Tier 1.

3.2.18.2 METHODOLOGICAL ISSUES
Emissions from national navigation are estimated using Tier 1.

Emissions from domestic navigation are calculated based on the amount of fu-
els that are purchased and consumed in Sweden.*® Emissions from fuels that are
purchased in Sweden but used abroad are reported separately as international bun-
ker emissions. The allocation of emissions from navigation is summarized in Table
3.22.

Table 3.22. Reporting of emissions from navigation, according to the Good Practice
Guidance.

Fuel Traffic between Traffic between Swedish Traffic between two in-
bought in  Swedish harbours and international harbours ternational harbours
Sweden Domestic, 1A3d International bunkers, 1C International bunkers, 1C
Other Not included Not included Not included

country

Emissions from gas/diesel oil and residual fuel oils, for 1990-2002, are calculated
using emission factors from a SMED study from 2004*’. Emissions for 2003 and
2004 have been estimated using emissions factors for 2002 while emissions for
2005 and later years have been calculated using emissions factors provided by the
Swedish Maritime Administration (SMA). The emission factors provided by the
SMA are based on the mentioned study by SMED.

Emissions of CO, and SO, from leisure boats are calculated based on estimated
gasoline consumption together with thermal values and emission factors which are
the same as for civil road traffic. Emissions of NOx, NMVOC, CH,, CO and N,O
are all based on estimated gasoline consumption together with emission factors
from CORINAIR for gasoline.

46 Statistics Sweden EN31SM
Cooper and Gustafsson, 2004.
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Emissions of NOx, NMVOC, CH,, CO and N,O from leisure boats also depend
on the ratio between 2-stroke and 4-stroke engines. The estimated ratios between
the two are based on a study by Statistics Sweden*® from 2005. The study indicates
that there is a larger share of 4-stroke engines in 2004 than in 1990. Based on the
assumption that the move towards a larger number of 4-stroke engines has been
gradual between since 1990, the ratio for each year between 1990 and 2004 has
been estimated by interpolation. From 2005 and onwards, the ratio between 2- and
4-stroke engines is assumed to be the same as for 2004.

The Swedish Maritime Administration also report emissions from domestic
navigation. These can however not be compared with emissions from the Swedish
national inventory since the former include emissions from the whole Baltic Sea
region.

3.2.18.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

Fuel consumption 1990-2009 reported in submission 2011 to UNFCCC for
domestic navigation, based on energy statistics from Statistics Sweden's, shows
fluctuations for which it has been difficult to find natural explanations Figure 3.7.
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Figure 3.7. Fuel consumption by national navigation

As a result fuel consumption by national and international navigation has been
studied in a SMED study*®. Fuel data in the Monthly fuel, gas and inventory statis-
tics, which is used as activity data for estimating emissions for national navigation
and international maritime bunkers, has been analyzed. The fuel data is collected

48 Statistics Sweden, 2005.
Eklund et al. 2011. Emissions from navigation and fishing including international bunkers
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from oil companies and other sellers who have stocks of petroleum products and
coal. The survey also collects stock data from companies with a large consumption
of oil in the manufacturing industries and energy industries. The population con-
sists of approximately 70 companies, and all of them are included in the survey.

In 1993, 24 companies reported fuel amounts for domestic navigation and 15
companies reported amounts for international maritime bunkers. During the period
1993-2010 many companies have been closed or taken over by larger companies.
In 2010, very few companies remained — only eight companies reported fuel
amounts for Domestic navigation or International maritime bunkers. With such a
small population, it was possible to study each company carefully. Suppliers of
significant quantities of bunker oil (~100 000 m*® — 2 000 000 m°) have been exam-
ined more closely.

The response from the companies was very good and produced reliable infor-
mation. Data on domestic and international bunker fuel in the Monthly fuel, gas
and inventory statistics have been found to be of good quality. As a consequence of
that VAT is applied on national fuel consumption, but not on international bunkers,
all respondents to the survey are able to separate these fuel amounts with high ac-
curacy. Fuels used for domestic and international navigation have been separated
correctly and in line with IPCC Guidelines.

The fuel consumption in 2010 for national navigation has increased noticeably
since 2009. The data has been verified and is correct according to reported amounts
of fuel deliveries. Note that the amount of fuel used by national navigation is rela-
tively small compared to the total amount of fuel for navigation, including interna-
tional navigation (bunkers).

3.2.18.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

All Tier 1 general inventory level QC procedures and all QC procedures listed
in GPG section 8.1.7.4 applicable to this sector are used. The activity data has, of
course, been subject to QA/QC procedures prior to the publishing of statistics on
fuel purchased. In addition to this, the consumption of every type of fuel in the last
year is checked and compared with previous years. If large variations are discov-
ered for certain fuels, responsible staff is contacted for an explanation. IEFs are
calculated per fuel, substance and CRF-code and checked against the emission
factors to make sure that no calculation errors have occurred when emissions were
computed.

3.2.18.5 SOURCE-SPECIFIC RECALCULATIONS

The total amount of delivered diesel (excluding FAME) for mobile combustion
is first allocated to those subsectors for which accurate and precise information on
diesel consumption is available, whereof one is “off-road vehicles and working
machinery”. The remaining amount of the total delivered diesel is allocated to sub-
sectors where the estimated diesel consumption is more uncertain. These subsec-
tors are fisheries, domestic navigation, and civil road traffic.
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As the model for estimating emissions from off-road vehicles and working ma-
chinery has been updated for all years (1990-2009), this will consequently also
affect the emissions from national navigation.

3.2.18.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.19 Other transportation (CRF 1.A.3.e)

3.2.19.1 SOURCE CATEGORY DESCRIPTION

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.23.

Table 3.23. Summary of source category description, CRF 1.A.3.e.

CRF Gas Key Category Assessment 2010 Method EF All sources
Level Trend | Qualitative estimated
1.A.3.e | CO; T2 CS Yes
CHgy T2 M Yes
N2O T2 M Yes

CS Country Specific. T2 Tier 2. M Model.

Emissions reported under CRF 1.A.3.e refer to emissions from off-road vehicles
and working machinery including various mobile vehicles and machinery as for
example refrigerating plant, wheel loader, lawn movers, excavators, trimmers,
snow blowers and other mobile machine that run on liquid fuels.

3.2.19.2 METHODOLOGICAL ISSUES

The model used to estimate emissions from off-road vehicles and other ma-
chineries is considered to correspond to Tier 2. The model is further explained in
Annex 2. Emissions from off-road vehicles and other machinery are also reported
under CRF 1.A.2.f, 1.A.4.band 1.A.4.c, in line with IPCC Guidelines, see Table
3.24.
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Table 3.24. Distribution of emissions from off-road vehicles and other machinery

Category CRF Definition IPCC Guidelines

Industry 1.A2f Mobile machineries in industry that run on petroleum fuels, as for
example tractors, dumpers, cranes, excavators, generators, wheel
loaders, sorting works, pumpunits etc.

Residential 1.A.4.b All emissions from mobile fuel combustion in households, as for
example tractors, lawn movers, snow mobiles, forklifts, trimmers,
chainsaws and forklifts

Agriculture, 1.A4dc Emissions from mobile fuel combustion in agriculture and forestry,
Forestry as for example loader-excavator, tractor, harvester, clearing saw
etc. Highway agricultural transportation is excluded.

Other 1.A3.e Combustion emissions from all remaining transport activities includ-
ii ing ground activities in airports and harbours, and off-road activities
not otherwise reported under 1.A.4.c or 1.A.2.f.

3.2.19.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The calculations are based on a model that takes into consideration emission regu-
lations according to EU legislation in g kwh™, for differences between regulation
and value measured at certification, transient use (i.e. difference between static test
cycle and real use of the machine), emission deterioration with age, and for differ-
ences between certification fuel and Swedish diesel of type “MK1”. The model
does not consider market fluctuations. The uncertainty analysis tables are presented
in Annex 7 and a general description of the uncertainties is presented in section 1.7.

3.2.19.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

The model is rather new (implemented the first time in submission 2009). During
2010 the model underwent a second verification.

3.2.195 SOURCE-SPECIFIC RECALCULATIONS

The methodology for estimating emissions from off-road vehicles and working
machinery was revised in submission 2012, see section 3.2.14.5. The revision did
not imply an updated methodology but aimed to simplify the use of the model and
at the same time update some emission factors, activity data and the allocation of
emissions to different sectors. Allocation of emissions from off-road vehicles and
working machinery is based on a report by Flodstrom (et al)>. This is the most
recent inventory including an allocation of working machinery to sectors carried
out in Sweden

Changes in emissions from off road vehicles and working machinery compared to
submission 2011 due to updated activity data, emission factors and the sectoral
allocation is shown in

50 Flodstrom et al 2004. Uppdatering av utslapp till luft frdn arbetsfordon och arbetsredskap for Sveriges
internatonella rapportering.
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Table 3.25 .The emissions of N,O have changed noticeably between submission
2011 and submission 2012 due to the use of an incorrect emission factor for some
working machinery in submission 2011. It has now been updated.

Table 3.25. Changes in emissions from off road vehicles and working machinery compared
to submission 2011. A positive percentage shows an increase in emissions in submission
2012 and vice versa.

CRF 1990 2008 2009 1990 2008 2009
CO2eq. CO2eq. CO2eq. TJ TJ TJ
Total 8 114 170 -6 114 170
1.A.2.f; Industry 37 122 126 478 122 126
1.A.3.e; Other -234 -150 -105 -2810 -150 -105
1.A.4.b; Households 137 154 156 1591 154 156
1.A.4.c Farming 119 4 -8 1353 4 -8
1.A.4.c Forestry -51 -16 0 -619 -16 0

3.2.19.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.20 Commercial/institutional (CRF 1.A.4.a)

3.2.20.1 SOURCE CATEGORY DESCRIPTION

The heated area was 135 million m2 in 2009. More than one third of this area con-
sists of schools. Since 1990, the total consumption of fuels for heating of premises
has decreased significantly due to the increased use of district heating. In the early
1990s, the total annual fuel consumption in this sector was around 35,000 TJ,
around year 2,000 it had decreased to about 20,000 TJ, and in 2010 it was around
13,000 TJ. Liquid fuels account for most of the decrease, and in recent years, natu-
ral gas is the most common fuel followed by domestic heating oil and wooden
fuels. Over 90% of the area was heated with district heating in 2009. The corre-
sponding share in 1990 was about 55%.

Emissions from mobile combustion used in commercial and institutional activities
are included in residential (CRF 1.A.4.b), as it is currently not possible to separate
mobile combustion in these two categories from one another.

The summary of the latest key category assessment, methods and EF used, and

information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.26.
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Table 3.26. Summary of source category description, CRF 1.A.4.a.

CRF Gas Key Category Assessment 2010 Method | EF All sources
Level Trend | Qualitative estimated
1.A4d4a | CO; X X T1 CS Yes
CHg4 T1 CS Yes
N2O T1 CS Yes

CS Country Specific. T1 Tier 1.

3.2.20.2 METHODOLOGICAL ISSUES

For stationary combustion within CRF 1.A.4.a, all activity data is on national
level by fuel type and estimated emissions are therefore considered to correspond
to Tier 1. The data source for activity data is the annual energy balance, which for
this sector is mainly based on premises statistics that is further described in section
3.2.20.4.1 and in Annex 2.

3.2.20.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainty analysis tables are presented in Annex 7 and a general description
of the uncertainties is presented in section 1.7. CO, from domestic heating oil is the
largest uncertainty source. The activity data and emission factor uncertainties are
20% and 1% respectively. The large activity data uncertainty is due to the use of
Tier 1 methodology with data from the annual energy balances.

3.2.204 SOURCE-SPECIFIC QA/QC AND VERIFICATION

In submission 2005 and earlier, there were large uncertainties in estimation models
and allocation methods for fuel in the other sectors and CRF 1.A.2.f, construction.
In 2005, a study was performed by SMED, aiming at identifying and analyzing the
methods and models applied for each sub-sector and determine whether they were
in line with the IPCC guideline recommendations.®® In addition, each fuel was
traced back to its original source in order to determine whether it had been cor-
rectly allocated on stationary and mobile combustion.

The results from the study show good agreement with IPCC guideline recom-
mendations. All fuels but biomass had little or no changes in methodologies, and
where changes occurred, no significant inconsistencies in fuel consumption time
series were detected. However, for biomass, several significant inconsistencies
were identified leading to recalculations of activity data and emissions in CRF
1.A.4.aand 1.A.4.b%. Due to these recalculations there are obvious inconsistencies
between the national energy balances and the national emission inventory data.
Furthermore, all fuels proved to be correctly allocated on stationary and mobile
combustion. In the Swedish air emission inventory, that means that all diesel oil
and gasoline reported under Other sectors in the energy balances are used by mo-
bile combustion, while all the other fuels are related to stationary combustion.

5; Gustafsson, et al. 2005.
Paulrud et al. 2005.
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3.2.20.4.1 Activity data for stationary combustion in other sectors
For stationary combustion within the Other sectors, the only complete and readily
available activity data source is the energy balance. Table 3.27 below shows the
consumption of different fuels in 2009 in the different sub-categories within the
other sector, and those parts of CRF 1.A.2.f where the energy balance is also used,
e.g. construction and small industrial facilities.

Table 3.27. Excerpt from energy balance sheet. Fuel consumption in 2009, TJ

Subsector Bio- LPG Domestic Residual  Natural  Gas works
mass heating oil fuel oils gas gas

Agriculture, fisheries, 6800 100 3500 200 500 -

1A4c

Forestry, 1A4c - 0 500 300 0 -

Small industrial plants, - 200 1100 600 200

1A2f

Construction, 1A2f - 100 1500 200 500 -

Service, 1A4a 1800 2 3100 0 3100 300

300
Residential, 1A4b 49700 200 6 700 0 3000 400

In 2008 all available methods to estimate emissions from stationary combustion in
other sectors were overhauled in a SMED study®3. The main problem is still that
the timeline for the GHG inventory is too short for using final data for other sectors
and construction for the latest year. All available alternatives have specific prob-
lems including higher uncertainties etc discussed in the study. The method that was
considered to give the best data was using annual energy balances for all years
when available, and for the latest year make a model estimate of fuel combustion
that adjusts the amounts from the year before with the trend in the preliminary
quarterly fuel statistics, as exemplified for 2007 in the equation below:

Estimate 2007 = Annual statistics 2006* preliminary quarterly fuel statistics 2007/
quarterly fuel statistics 2006

Since emissions for the most recent years are based on this model estimate, uncer-
tainties are a bit higher for this year. Emissions for the most recent years will be
revised in next submission when annual statistics are available.

Since 2002, and in particular since 2004, the consumption of biomass fuels has
increased in this sector. This is partly explained by the general shift from liquid to
biomass fuels in recent years. However, a data check performed in 2009 showed
that the data for biomass use in the commercial/institutional sector in the energy
balances might not be complete. Further investigations were planned to submission
2011, but this issue was not prioritised since no suitable alternative or complemen-
tary data sources were found.

%3 Lidén and Gerner, 2008
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The large revisions in the annual energy balances lead to large revisions of
GHG inventory data as well, and the estimation model yielded poor estimates for
2008 in submission 2010, particularly for heating oils. Unfortunately no other data
sources were available in time to improve these estimates.

In submission 2010 it was noted that the consumption of biomass, liquid fuels
and gaseous fuels within this sector was higher in 2007 than in 2006 and 2008. In
submission 2011, the activity data for 2007 and 2008 were revised due to revisions
in the energy balances (as described above). The fuel consumption in 2007 is still
relatively high. The input data to the energy balances for this sector has not been
available for analysis. However, the activity data uncertainty is high in this sector
and the time series 1990-2010 shows that inter-annual variations in total fuel con-
sumption can be large. Thus the fuel consumption in 2007 is considered to be high,
maybe as a result of the large uncertainty, but not erroneous as no calculation er-
rors have been found.

3.2.20.5 SOURCE-SPECIFIC RECALCULATIONS

As indicated in the previous section, activity data has been revised for all fuels for
years 2008 and 2009. The greenhouse gas emissions in submission 2012 was 32 Gg
CO, equivalents lower in 2008 and 69 Gg lower in 2009 compared to submission
2011.

3.2.20.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.21 Residential (CRF 1.A.4.b)
3.2.21.1 SOURCE CATEGORY DESCRIPTION

In this category both stationary and mobile combustion occur. Stationary combus-
tion of fuels within residential decreased by around 50% between 1990 and 2008,
mainly due to a continuous increase in district heating use. Most of this change
occurred before 2006; however, the use of heating oils is still decreasing while
combustion of wood, wood chips and pellets has increased in recent years. In 2009-
2010, fuel consumption increased due to the cold winters these years, especially in
2010. Despite this, the consumption of heating oil continued to decrease while
consumption of wooden fuels and natural gas increased quite considerably.

Moabile combustion in CRF 1Ada is included in this sector, as it is currently not
possible to separate mobile combustion in these two sectors from one another.
Emissions from mobile combustion refer to emissions from off-road vehicles and
other machinery including various maobile vehicles and machines as for example
tractors, lawn movers, snow mobiles, forklifts, trimmers, chainsaws and forklifts.
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The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.28.

Table 3.28. Summary of source category description, CRF 1.A.4.b.

CRF Gas Key Category Assessment 2010 Method | EF All sources
Level Trend | Qualitative estimated
1.A.4b CO» X X T1,T2 CS Yes
CHay X X T1,T2 CS Yes
N20 X T1,T2 CS Yes

CS Country Specific. T1 Tier 1. T2 Tier 2.

3.2.21.2 METHODOLOGICAL ISSUES

For stationary combustion, all activity data is on national level by fuel type and
estimated emissions are therefore considered to correspond to Tier 1.

For stationary combustion, the main data source is the annual energy balances.
One- and two-dwellings statistics, Holiday cottages statistics and Multi-dwellings
statistics are used as a complementary data source to get more details on biomass
combustion. Biomass fuel consumption for heating residences are surveyed on the
three most common combustion technologies: boiler, stoves and open fire places.
Since 1998 biomass activity data is separated on wood logs, pellets/briguettes and
wood chips/saw dust. Historical biomass data has been estimated by inter- and
extrapolation.

Estimation models and allocation methods for fuel in the Other sectors as dis-
cussed in section 3.2.20 and use of preliminary data for stationary combustion in
other sectors as discussed in section 3.2.20 also applies to CRF 1.A.4.b.

The model used to estimate emissions from off-road vehicles and other ma-
chineries is considered to correspond to Tier 2. The model is further explained in
Annex 2.

3.2.21.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainty analysis tables are presented in Annex 7 and a general description
of the uncertainties is presented in section 1.7. CO, from domestic heating oil is the
largest uncertainty source. The activity data and emission factor uncertainties are
20% and 1% respectively. The large activity data uncertainty is due to the use of
Tier 1 methodology with indata from the annual energy balances.

The time series for 1.A.4.b is considered to be consistent as there haven’t been any
major changes in methodology or indata to the energy balances that affect this
category. The estimates for the last year, however, are somewhat inconsistent due
to the issues described in section 3.2.20. The CO, IEF for liquid fuels shows a
decreasing trend because the share of residual fuel oil is decreasing. The CH4 IEF
for biomass is slightly fluctuating between years due to variations in type of bio-
mass and technology as described in section 3.2.21.2.
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3.2.21.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
See section 3.2.20.4

3.2.215 SOURCE-SPECIFIC RECALCULATIONS

Following revisions of the energy balances, the activity data for stationary
combustion within 1.A.4.b was revised for all fuels 2008-2009. Compared to sub-
mission 2011, greenhouse gas emissions are 36 Gg lower in 2008 and 82 Gg lower
in 2009. The methodology for estimating emissions from off-road vehicles and
working machinery was revised in submission 2012 (see section 3.2.19.5). Changes
in emissions compared to submission 2011 due to updated activity data, emission
factors and the sectoral allocation is shown in Table 3.29.

Table 3.29. Changes in emissions from off road vehicles and working machinery compared
to submission 2011. A positive percentage shows an increase in emissions in submission
2012 and vice versa.

1990 2008 2009 1990 2008 2009
CRE CO;eq. | COzeq. | CO:eq. TJ TJ TJ
Total 0.25% 3,13% 471% -6,49| 130437 199747
1A2f; Industry -13% -8% -5% 1353 -133 -284
1A3e; Other 85% 88% 89% -619 -205 -8
1A4b; Households 19% 43% 49% -2810 -1859 -1300
1A4c Farming 21% 202% 204% 1501 1854 1879
1A4c Forestry -12% -3% 0% 478 1647 1711

3.2.21.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS
Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.22 Agriculture/forestry/fisheries (CRF 1.A.4.c)

3.2.22.1 SOURCE CATEGORY DESCRIPTION

This category includes emissions from stationary combustion for heating purposes
and mobile combustion in off-road vehicles and working machinery within agricul-
ture and forestry, and fishing vessels. The structure of the agricultural sector in
Sweden is described in chapter 6.

The summary of the latest key category assessment, methods and EF used, and

information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.30.
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Table 3.30. Summary of source category description, CRF 1.A.4.c.

CRF Gas Key Category Assessment 2010 Method | EF All sources
Level Trend | Qualitative estimated
1.A4d.c CO» X T1,T2 CS Yes
CHg4 X T1,T2 CS Yes
N20O T1,T2 CS Yes

CS Country Specific. T1 Tier 1. T2 Tier 2.

3.2.22.2 METHODOLOGICAL ISSUES

For stationary combustion, all activity data is on national level by fuel type and
estimated emissions are therefore considered to correspond to Tier 1.

For stationary combustion, activity data is taken from the annual energy bal-
ances, which for this sector are based on models and results from a survey from
1985 and repeated in 2007 (see Other statistics from Statistics Sweden in Annex 2).

Estimation models and allocation methods for fuel in the Other sectors as dis-
cussed in section 3.2.20, and use of preliminary data for stationary combustion in
other sectors as discussed in section 3.2.20.4.1 also applies to CRF 1.A4.c.

The model used to estimate emissions from off-road vehicles and other ma-
chineries is considered to correspond to Tier 2. The model is further explained in
Annex 2.

Emissions from Fisheries, CRF 1.A.4.c, were first reported in submission 2006.
The estimated fuel consumption is based on a survey on energy consumption
within the fishing industry by Statistics Sweden>* together with data on the Swed-
ish fishing fleets’ total installed effect in kW from the Swedish Board of Fisheries.
The estimate on fuel consumption provided by Statistics Sweden refer to 2005, and
for the previous and following years the fuel consumption is estimated by adjusting
the 2005 value according to the development in total installed effect.

The emissions factors used to estimate emissions from Fisheries are based on a
SMED study from 2005°°, producing emission factors for CO,, SO,, NOx,
NMVOC, CH, and N,O for 1990-2004. From 2005 estimates are based on the
same consumption estimate and emission factors as for 2004.

Emissions from fisheries are derived under the assumption that the fishing fleet
operates using medium speed diesel engines running on marine distillate fuel. The
emission abatement technologies used by the fleet (e.g. Selective Catalytic Reduc-
tion (SCR) for NOx reduction) is assumed to be negligible.

3.2.22.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainty analysis tables are presented in Annex 7 and a general descrip-
tion of the uncertainties is presented in section 1.7.

The sharp increase in use of biomass in 2003 is due to a revision in submission
2009, where improved data was used for 2003 and later years. There is no informa-
tion available to improve data from 2002 and earlier years. Emissions in 1990 are

% Statistics Sweden, 2006 ENFT0601.
Cooper et al., 2005a.
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considered to be of a sufficient quality as they are based on the 1985 survey men-
tioned above, which was reasonably recent in 1990. The time series for liquid, solid
and gaseous fuels are considered to be consistent. Since almost ten years, solid
fuels are not used in this sector.

3.2.22.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
See section 3.2.20.4

3.2.22.5 SOURCE-SPECIFIC RECALCULATIONS

Following revisions of the energy balances, the activity data for stationary
combustion within 1A4c was revised for all fuels 2008-2009. Compared to submis-
sion 2011, greenhouse gas emissions are 12 Gg lower in 2008 and 12 Gg higher in
2009.

The methodology for estimating emissions from off-road vehicles and working
machinery was revised in submission 2012(see section 3.2.19.5). Changes in emis-
sions compared to submission 2011 due to updated activity data, emission factors
and the sectoral allocation is shown in Table 3.31.

Table 3.31. Changes in emissions from off road vehicles and working machinery compared
to submission 2011. A positive percentage shows an increase in emissions in submission
2012 and vice versa.

CRF 1990 2008 2009 1990 2008 2009
CO2eq. CO2eq. CO2eq. TJ TJ TJ
Total 8 114 170 -6 114 170
1.A.2.f; Industry 37 122 126 478 122 126
1.A.3.e; Other -234 -150 -105 -2810 -150 -105
1.A.4.b; Households 137 154 156 1591 154 156
1.A.4.c Farming 119 4 -8 1353 4 -8
1.A.4.c Forestry -51 -16 0 -619 -16 0

The emissions of N,O have changed noticeably between submission 2011 and
submission 2012 due to the use of an incorrect emission factor for some working
machinery in submission 2011. It has now been updated.

3.2.22.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.23 Other stationary (CRF 1.A.5.a)

3.2.23.1 SOURCE CATEGORY DESCRIPTION

In submission 2012, no emissions are reported in this sector. The reason is that
emissions and energy losses reported here in previous submissions have been real-
located to other sectors (1.A.1.a and 1.A.d). Previously, transformation losses of
energy within the integrated iron and steel industry were allocated to CRF 1A5a,
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but a study made in 2011 showed that the energy should be allocated to CRF 2.C.1
as it is lost as heat in the production processes in blast furnaces and steel works.®
Emissions from use of natural gas that was believed to be pressure levelling losses
were also reported in CRF 1.A.5.a in previous submissions. However, detailed
studies of the underlying activity data revealed that the data had been misinter-
preted and was in fact representing combustion of natural gas for heat production
in gas works, and thus it should be reallocated to CRF 1.A.1.a. See also section
3.2.6.5.

3.2.23.2 METHODOLOGICAL ISSUES

3.2.23.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

3.2.23.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

3.2.23.5 SOURCE-SPECIFIC RECALCULATIONS
See source category description, section 3.2.23.1.

3.2.23.6  SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.2.24 Other mobile (CRF 1.A.5.b)

3.2.24.1 SOURCE CATEGORY DESCRIPTION

CRF 1A5b includes emissions from military transports. Emissions from military
transports have decreased over the years 1990-2008 due to a decrease in activity.
However in 2009 the Swedish military increased its consumption jet kerosene
compared to 2008, but in 2010 it went back down again (from 77,894 m® to 48,692
m?).

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.32.

Table 3.32. Summary of source category description, CRF 1.A.5.b.

CRF Gas Key Category Assessment 2010 Method | EF All sources
Level Trend Qualitative estimated
1.A5b CO2 X T1 CS Yes
CHa T1 CS No, see Annex 5
N2O X T1 CS No, see Annex 5

CS Country Specific. T1 Tier 1.

%6 Gustafsson, Lidén & Gerner, 2010
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3.2.24.2 METHODOLOGICAL ISSUES

Emissions from military transport are based on data on fuel consumption including
all military activities and are considered to correspond to Tier 1. Fuel consumption
from some more administrative military activities, such as the Swedish Defence
Material Administration (FMV), the Swedish Fortification Department (FORTV),
the Swedish Defence Research Agency (FOI) and the National Defence Radio
Institute (FRA), are not included in the calculations.

A special estimation for the use of FAME was conducted by the military for the
years 1999-2001. None has been done for the other years.

CH, and N,O emissions from the military are both based on a top-down ap-
proach, using fuel consumption (for aviation and navigation) and a bottom-up ap-
proach, using data from the HBEFA model (road transport). Hence, estimates are
considered to be both Tier 1 and Tier 2. Emissions from military aviation are based
on an average of LTO and cruise emission factors. Emissions from military naviga-
tion are estimated using emission factors from civil navigation. Emissions from the
use of diesel oil by military stationed abroad is reported under Multilateral opera-
tions, CRF 1.C.2.

Military road transport is included in the road traffic emissions estimated by the
HBEFA model. To subtract and separate emissions from military transport from
emissions from civil road transport, emissions according to the HBEFA model for
each vehicle type are reduced by an amount equal to the weight of the fuel con-
sumption reported by the Swedish Armed Forces relative to the fuel consumption
from national statistics allocated to civil road transport, according to:

Equation 3-1: A =B - >((C-D)/C*E))

A = Military transport emissions

B = Total HBEFA emissions

C =Total fuel consumption National Statistics

D = Military fuel consumption Swedish Armed Forces
E;= HBEFA emissions per vehicle type

3.2.24.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainty analysis tables are presented in Annex 7 and a general description
of the uncertainties is presented in section 1.7.

3.2.24.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source specific procedures have been made.

3.2.245 SOURCE-SPECIFIC RECALCULATIONS

The change of the road vehicle emission model ARTEMIS to HBEFA 3.1 have
resulted in revised emissions of CH, and N,O from military road traffic.
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3.2.24.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS
Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.3 Fugitive emissions from solid fuels and oil
and natural gas (CRF 1.B)

During all stages from extraction of fossil fuels to final use, escape or release of
gaseous fuels, volatile components or absorbed gases may occur. These fugitive
emissions are intentional or unintentional escapes and releases of gases from ex-
traction point to final oxidation. In particular, they may arise from the production,
processing, transmission, storage and use of fuels, and include emissions from
combustion only where it does not support a productive activity (e.g. flaring).

Fugitive emissions in Sweden stem from flaring of fuels in the various catego-
ries (iron and steel industry, the chemical industry, refineries and the pulp and
paper industry), hydrogen production, transport of crude oil, transmission losses of
gas works gas, storage and handling of oil in refineries, depots and gasoline distri-
bution, and natural gas transmission and distribution.

3.3.1 Fugitive emissions from solid fuels (CRF 1.B.1)

3.31.1 SOURCE CATEGORY DESCRIPTION

There are no coalmines in Sweden and hence no fugitive emissions from coalmines
occur.

Flaring of coke oven gas from the coke oven is reported in CRF 1.B.1.c since
submission 2004. Since submission 2010, flaring of blast furnace gas in the blast
furnace and steel converter gas in the steel converter are reported under CRF 2.C.1.
CRF 1.B.1 is not really designed to include flaring, but since CRF 1B2 only refers
to liquid and gaseous fuels, it is not possible to report flaring of coke oven gas in
CRF Table 1.B.2. The amounts of flared gas vary considerably between years, and
in 2009 it was unusually high, resulting in increasing emissions in CRF 1.B.1.
According to environmental reports>’, coke oven gas is flared when the production
is temporarily stopped because of urgent needs of reparation of equipment or other
maintenance measures.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.33.

%7 SSAB, 2008 and 2009
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Table 3.33. Summary of source category description, CRF 1.B.1.

CRF Gas Key Category Assessment 2010 | Method EF All sources
Level | Trend Qualitative estimated
1.B.1 CO; T3 PS Yes
CHg4 T2 CS Yes
N2O T2 CS Yes

CS Country Specific. PS Plant Specific. T2 Tier 2. T3 Tier 3

SO, emissions from quenching and extinction at coke ovens are reported in CFR
1B1b.

3.31.2 METHODOLOGICAL ISSUES

The estimation of emissions from flaring of coke oven gas is included in the carbon
balance calculations and other plant specific calculations made in cooperation with
the two facilities, see section 4.4. Data concerning SO, emissions from quenching
and extinction at coke ovens are obtained directly from the operators of the two
facilities.

3.3.1.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainty analysis tables are presented in Annex 7 and a general description
of the uncertainties is presented in section 1.7. The extent of flaring is by nature
very variable between years, and the uncertainties in activity data and emission
factors are high compared to other activities.

3.3.1.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
See section 4.4.1.2.2

3.3.1.5 SOURCE-SPECIFIC RECALCULATIONS

Thanks to improved in-data for 2009 from one of the facilities, CO, emissions have
been revised for that year. The difference compared to submission 2011 is -0.2 Gg
CO..

3.3.1.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

3.3.2 Oil and natural gas (CRF 1.B.2)

3.32.1 SOURCE CATEGORY DESCRIPTION

In the Swedish inventory, fugitive emissions from a number of different activities
related to production and handling of liquid fuels and natural gas are reported in
this sector. These activities include hydrogen production at oil refineries
(1.B.2.a.1), crude oil transport (1.B.2.a.3), activities in refineries such as catalytic,
desulphurisation and storage and handling of oil (1.B.2.a.4), gasoline handling and
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distribution (1.B.2.a.5), fugitive emissions from transmission and distribution of
gas works gas (1.B.2.a.5), fugitive emissions from transmission and distribution of
natural gas (1.B.2.b.2 and 1.B.2.b.3), and flaring of liquid fuels (1.B.2.c.2).

The summary of the latest key category assessment, methods and EF used, and

information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 3.34.

Table 3.34. Summary of source category description, CRF 1.B.2.

CRF Gas Key Category Assessment 2010 | Method EF All sources
Level | Trend Qualitative estimated
1.B.2 CO» X X T1, T2, T3 D, CS, PS | Yes
CHay X X CS, T1, T2 D, CS, PS | Yes
N2O T1, T2 CS Yes

CS Country Specific. PS Plant Specific. T1 Tier 1. T2 Tier 2. T3 Tier 3. D Default
3.3.2.2 METHODOLOGICAL ISSUES

3.3.2.2.1 Hydrogen production plants at refineries, CRF 1.B.2.A.1

According to 2006 IPCC Guidelines, emissions from hydrogen production plants
should be reported in CRF 1.B.2.A.1. Since 2005, one such facility is in operation
in Sweden, and another one was taken into operation in 2006. Emissions from
these facilities are reported in CRF 1.B.2.A.1 in accordance with the 2006 IPCC
Guidelines.

Both CO, and non-CO; emissions are estimated using the Tier 2 method. Activity
data as consumed amount of fuels (butane gas and naphtha, respectively for the two
plants) and CO, emissions are taken from the company’s report to the EU ETS
system. Non-CO, emissions are calculated with this plant specific activity data.
National emission factors are used for butane, whereas national emission factors
for “other petroleum fuels” are used for naphtha due to lack of specific emission
factors for this fuel.

3.3.2.2.2 Transport, CRF 1B2A3

Crude oil is transported to and from Sweden by tankers. In response to recommen-
dations from the UNFCCC expert review teams in submission 2010, Sweden esti-
mates emissions of CH, from transport of crude oil from submission 2010 and
onwards. National statistics available from Statistics Sweden on imported and ex-
ported amounts of crude oil is used as activity data. The activity data is correspond-
ing to the data in the Reference Approach. Since no reliable country-specific meas-
urements are carried out, the default emission factor for Western Europe from the
Revised 1996 IPCC Guidelines (745 kg CH4/PJ) is applied. Fugitive emissions of
CO, from transport of crude oil are not estimated (NE) as no country-specific
measurements have been carried out and no default IPCC emission factor for tank-
ers is available.
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3.3.2.2.3 Refining/Storage, CRF 1.B.2.A.4

Sweden estimates both CO, and non CO, emissions by using the Tier 2 method.
The Tier 2 method requires data at plant level and Sweden uses data provided by
the refineries in their annual environmental reports. However, for CH4 emissions,
the IPCC Tier 2 equals a mass-balance estimate, whereas Sweden uses a country
specific (CS) method (see below). Emissions are reported from catalytic cracking
(CO, SO,, NOX), desulphurisation (SO,) and from the storage and handling of oil
(NMVOC, CHy,). Catalytic cracking occurs at one plant in Sweden. CO emissions
from catalytic cracking are calculated as:

_( Batched amount of raw material in the cracker

— x Total CO emission for the plant
Total batched amount of raw material in the plant

Due to some operational problems at the plant the total emissions of CO were high
for 1997 and 1998 compared to other years.

The emissions of SO, from desulphurisation increased in year 2006 compared to
previous years due to operational disturbances at one facility.

Fugitive emissions of NMVOC and CH, from refineries include emissions from
the process area as well as emissions from the refinery harbours when loading
tankers. The estimates of NMVOC are mainly based on reported data from the
facilities' environmental reports and older reports from the Swedish EPA3® > %0
and Statistics Sweden®. The activity data, as crude oil throughput, is known for
almost all years. Implied emission factors have been developed, based on reported
emissions and known activity data. Reported data for years for which either activ-
ity data or emission data is missing have been calculated using the implied emis-
sion factors thus developed. In Table 3.35, reported NMVOC emissions as well as
activity data can be seen. The estimate of fugitive CH, emissions are for two refin-
eries based on reported data in the facilities' environmental reports. For the remain-
ing three refineries the fugitive CH4 emissions are estimated as 5% of the reported
fugitive NMVOC emission. This estimate has been provided by one refinery that
refines about 50% of the crude oil in Sweden. Since no information from the two
remaining refineries was obtained the same percentage has been used to estimate
the fugitive CH4 emissions even from these plants. The reported emissions of CH,
are very uncertain due to limited measurements. In Table 3.35, the reported emis-
sions of CH, and also activity data can be seen.

o0 Swedish EPA, 1990,
6 Swedish EPA, 1994a.
6 Swedish EPA, 1994b.
Swedish EPA. 1995.
Statistics Sweden. 1996 Emissions to air in Sweden of volatile organic compounds (VOC) 1988 and
1994.
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Table 3.35. Throughput of crude oil in refineries and estimated fugitive emissions of
NMVOC and CH4 (Mg) reported in CRF 1.B.2.A.4.

Year Throughput of crude oil Total emissions of NMVOC Total emissions of CHs
Mg Mg Mg
1990 17 330 000 14 408 460
1995 19430 000 7643 400
2000 20253120 11 568 577
2005 19919 968 7691 399
2006 20 050 576 8269 425
2007 17 706 518 8877 417
2008 20420 061 8578 447
2009 19669 472 8779 438
2010 20278 888 8924 469

In submission 2009, emissions from combustion of cracker coke in refineries ear-
lier reported in CRF 1A1b were reallocated to CRF 1.B.2.A.4 to be in line with the
IPCC guidelines. This is based on a recent study performed by SMED®. The
cracking reactions produce some carbonaceous material (referred to as coke) that
deposits on the catalyst and very quickly reduces the catalyst reactivity. The cata-
lyst is regenerated by burning off the deposited coke. Hence the combustion is not
carried out for energy purposes and thus the emissions should not be reported in
CRF 1LA.

3.3.2.2.4 Gasoline handling and distribution, CRF 1.B.2.A.5

Calculated fugitive emissions of NMVOC from the storage of oil products have
been obtained from SP1%*. The calculations are based on the amount of product
handled in the depots. The calculations cover 1990 — 2010 and are based on meth-
ods given by Concawe 85/54% for the years 1990-2006 and on Concawe 03/07%°
for 2007 and onwards. More than 30 depots have been considered during later
years. Gas recovery systems and the recovered amount of gas have been considered
in the calculations. For five depot areas the reported NMVOC emissions are based
on emission measurements in the depot areas and not on calculations based on the
amount product handled in the depots. The reporting of measured emissions instead
of calculated emissions are based on recommendations from SP1%”. For years with
missing data, interpolation between years with available data has been used for
estimates. Handled amounts of gasoline and fugitive emissions of NMVOC from
depots and gasoline stations are presented in Table 3.36.

63 Skarman, T., Danielsson, H., Kindbom, K., Jernstrém, M., Nystrém, A-K. 2008. Fortséttning av riktad
kvalitetskontrollstudie av utslapp frén industrin i Sveriges internationella rapportering. SMED Report
2008
Per Brannstrom, 2010, personal communication
Concawe, 1986, Hydrocarbon emissions from gasoline storage and distribution systems, Report No
5/54.
Concawe Report No. 3/07, Air pollutant emission estimation methods for E-PRTR reporting by refin-
ries
Per Brannstrom, 2010, personal communication
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The calculation of fugitive NMVOC emissions from gasoline distribution, 1990-
2010 (Table 3.36), is based on methods given by Concawe®®, including annual
national gasoline consumption and assumptions on the share of gasoline evaporated
at different stages of the handling procedure, as well as effects of applied abate-
ment technology at gasoline stations®®. The basic assumptions are presented in
Table 3.37.

Table 3.36. Handled and distributed amount of gasoline and estimated fugitive emissions
of NMVOC (Gg) from storage at depots and at gasoline stations reported in CRF 1.B.2.a.5.

Year Volume of gasoline Fugitive emissions of Fugitive emissions of
m? NMVOC at depots NMVOC at gasoline sta-
Gg tions
Gg

1990 5189 807 2.48 13.3
1995 5239592 1.93 3.06
2000 5116 795 2.07 3.07
2005 5116 408 231 3.07
2006 5089 367 2.47 3.05
2007 5038 847 2.35 3.02
2008 4980 296 2.53 2.99
2009 4793 299 2.41 2.88
2010 4602776 2.21 2.76

Table 3.37. Assumptions for calculating fugitive emissions from the handling and distri-
bution of gasoline.

Parameter Assumption
Density of gasoline 730 kg/m®1990 - 1996

750 kg/m® 1997 -
Distribution of gasoline to gas stations 0.16 % of distributed volume
Spill 0.01 % of distributed volume
Filling of car tanks 0.18 % of filled volume
Measures at distribution to gas station 90 % Efficiency of measures
Measures at filling cars 70 % Efficiency of measures

The measures at distribution and filling were introduced over a period of time from
1991-1994, to the extent presented in

Table 3.38. The amount of gasoline sold at large and small gas stations, respec-
tively, was assumed to be 50/50 for the years 1990-1994. Data on the distributed
amounts of gasoline (Table 3.36) is taken from the HBEFA3.1 road emission
model. The model is based on a bottom-up approach considered to be Tier 2. The
model is described in detail in Annex 2.

68 Concawe, 1986, Hydrocarbon emissions from gasoline storage and distribution systems, Report No
5/54.
Andersson, 2000.
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Table 3.38. Fraction of gasoline stations with technical measures installed.

Year Large gas stations Small gas stations
>2000 m®

1990 0% 0%

1991 50% 0%

1992 75% 25%

1993 100% 75%

1994 - 100% 100%

3.3.2.2.5 Transfer losses of gas works gas, CRF 1.B.2.A.5

Transmission losses of gas works gas are reported from the producers of gas works
gas to Statistics Sweden and published in Statistics on the delivery of gas products
(and also reported as “losses” in the annual energy balances). At present, the emis-
sions from these losses are calculated with the same emission factors that are used
for stationary combustion, although they are reported as fugitive emissions. The
allocation to CRF 1B2AS5 is according to the 2006 IPCC Guidelines.

3.3.2.2.6 Natural gas transmission, CRF 1.B.2.B.3

Sweden has estimated fugitive methane and carbon dioxide emissions from natural
gas transmission in a manner consistent with the IPCC Good Practice Guidance.
Default emission factors of 2.90x10® Gg methane per year and per kilometre of
transmission pipeline and 1.6x10° Gg carbon dioxide per year and per kilometre of
transmission pipeline from Table 2.16 in the IPCC Good Practice Guidance has
been used. The methane emission factor is the largest in the range given in Table
2.16 and reflects the use of mostly reciprocating compressors. Since at least one
reciprocating compressor is used in the Swedish gas transmission network this
emission factor has been used.

Activity data as kilometre of transmission pipeline has been obtained only for
1996 (320 km) and for 2008”72, (620 km). For years before 1996 the pipeline
length has been estimated to be of the same length as in 1996 and for 2009 and
2010 the length has been estimated to be of the same length as in 2008. The latter
assumption is based on information from one of the operators’® of the network
saying that there has been no extension of the transmission network between 2008
and 2010. For years between 1996 and 2008 the activity data has been estimated by
interpolation.

70 Technical description of the Swedish natural gas distribution system, Swedish gas center, Report
GC 088, June 1997
Distributionsformer for biogas och naturgas iSverige, Grontmij — foér Svenska Gasforeningen,
november 2009
Tredje inre marknadspaketet for el och naturgas — Fortsatt europeisk harmonisering — betankande av
l7\|3ya el- och gasmarknadsutredningen, Statens offentliga utredningar, SOU 2010:30, 2010
Phone conversation 2011-10-10. Sigvard Tronell (E on)
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Figure 3.8 shows total emissions of CH, and CO, as CO; equivalents for the years
1990 - 2010.
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Figure 3.8 Total emissions of CH4 and CO, as CO;-equivalents reported in CRF 1.B.2.B.3.

3.3.2.2.7 Natural gas distribution, CRF 1.B.2.B.4

Sweden has estimated fugitive methane emissions from natural gas distribution in a
manner consistent with the IPCC Good Practice Guidance. A default emission
factor of 6.15x10™ Gg per year and per kilometer of distribution mains has been
used. The used emission factor is an average of the upper and lower default emis-
sion factors given in the IPCC Good Practice Guidance, Table 2.16.

The main extension phase of the Swedish natural gas distribution network ended in
1990. Since then there has been a reduced expansion in stages. Activity data as
kilometer of distribution mains has been obtained only for 1996” (2,050 km) and
for 2008™ "2 (2,600 km). For years before 1996 the pipeline length has been esti-
mated to be of the same length as in 1996. For years between 1996 and 2008 the
activity data has been estimated by interpolation. The network length in 2009 has
been estimated to be 2610 km and in 2010 it has been estimated to 2,620 km. The
latter estimates are based on information from one of the operators™ of the distribu-
tion network saying that the network has been extended with approximately 20 km
between the end of 2008 and the end of 2010. Since the operator could not estimate
the extension per year the expansion has been estimated as 10 km per year.
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Figure 3.9 shows total emissions of CH, and CO, as CO; equivalents for the years
1990 - 2010.
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Figure 3.9 Total emissions of CH4s and CO, as CO;-equivalents reported in CRF 1.B.2.B.4.

3.3.2.2.8 Venting (CRF 1.B.2.C.1)

In submission 2010, emissions from venting of oil were reported using the Tier 1
approach and default emissions factors from the 2000 Good Practice Guidance. For
emissions of CH, and CO,, the maximum values of the default EF are chosen to
avoid any risk of underestimating the emissions. In submission 2011, an analysis
was carried out’* which indicated that the emissions from venting are most proba-
bly included in other categories of fugitive emissions; mainly in CRF 1.B.2.A.4 but
possibly partly in 1.B.2.C.2. Hence, it was concluded that the emissions reported in
1.B.2.C.1. in submission 2010 were double counted, and in submission 2011 emis-
sions from venting of oil are reported as IE (in 1.B.2.A.4 and 1.B.2.C.2.) Venting
of natural gas or combined venting of oil and gas are presumed to be not occurring,
however, if occurring, they are included in the emission data gathered from envi-
ronmental reports as described in section 3.3.2.2.3.

3.3.2.2.9 Flaring (CRF 1.B.2.C.2)

Flaring of liquid fuels was estimated and reported for the first time in the Swedish
inventory in submission 2005. Data includes flaring of refinery gases at four refin-
eries and one chemical industry, and flaring of LPG at three iron and steel plants
and one pulp industrial plant. Emissions in this CRF category varies quite widely
between years due to large variations in the amount of refinery gases that needs to
be flared each year. Data has been collected directly from the plant operators. For
the years 2005 and later, data from the EU ETS system has been used when possi-

™ Jerksjo 2011
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ble. Data from the EU ETS system are verified against data from environmental
reports and vice versa. In submission 2010 EU ETS data was analyzed carefully. It
was concluded that the notation key for flaring of natural gas (NE in earlier sub-
missions) could be changed, since no such flaring could be found in the EU ETS
data and all plants that might be flaring are included in the EU ETS. There is a
slight possibility that some flaring of natural gas is reported included in the flaring
of liquid fuels. Because of this the notation key IE is used rather than NO, referring
to emissions reported under CRF 1.B.2.C.2.1 Qil.

3.3.2.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainty analysis tables are presented in Annex 7 and a general description
of the uncertainties is presented in section 1.7. The extent of flaring is by nature
very variable between years, and the uncertainties in activity data and emission
factors are high compared to other activities.

3.324 SOURCE-SPECIFIC QA/QC AND VERIFICATION

The coherence between environmental reports and ETS data is checked when pos-
sible, and when differences occur, the facilities are contacted for verification. For a
few plants that flare small amounts of gas, activity data as amount of flared gas is
shown neither in the environmental reports, nor in the ETS data. Flaring at these
plants was investigated in 2005, and the same values are used for later years. Every
year, these facilities are asked to verify that the default value is still valid.

3.3.25 SOURCE-SPECIFIC RECALCULATIONS

e The time series in CRF 1.B.2.A.4 for fugitive CH, emissions from refineries
was revised in submission 2012. The emissions from one plant that refines
about 50% of the crude oil in Sweden were before submission 2012 esti-
mated as approximately 0.5 % of the total fugitive hydro carbon emissions.
This estimate was based on information from the company. In submission
2012 the company was contacted again and their new estimate is that 5%
of the total hydrocarbon emissions are CH,. CH4 emissions from this plant
have been revised for the whole time series using this new percentage. Fur-
thermore, fugitive CH, emissions from two other refineries from which the
CH,emissions not have been estimated before submission 2012 were esti-
mated also as 5% of the total hydro carbon emissions. For the remaining
refineries in Sweden the CH, emissions are reported as in the facilities' en-
vironmental reports. The revision resulted in an increase of CH, emissions
in CRF 1.B.2.A.4 of 106% (0.24 Gg) in 1990, 70% (0.18 Gg) in 2008 and
73% (0.19 Gg) in 2009, all compared to submission 2011. The emissions
were probably underestimated in previous submissions and this revision
aimed to improve the quality of the reported data, but the reported emis-
sions are still considered to be very uncertain due to limited measurements.

e A new road emission model, HBEFA 3.1A, has been used in submission
2012 for calculating the distributed amounts of gasoline. The new model
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uses a more sophisticated method to calibrate the modelled fuel consump-
tion with the national fuel statistics and should therefore yield more realis-
tic results. The model estimates around 10% lower amounts of used gaso-
line than the previous model. The revision resulted in a decrease of
NMVOC emissions in CRF 1.B.2.A.5 of 7% (1.2 Gg) in 1990 and 5% (0.3
Gg) in 2008 and 2009, all compared to submission 2011.

e As described in section 3.2.11.2, year specific CO, emission factors for

methane-rich gas mixtures used in the chemical industry have been devel-
oped in submission 2012. This also affects the emissions of CO; in CRF
1.B.2.c.2, as some of the gas is flared. Compared to submission 2011, the
CO; emissions in CRF 1.B.2.c.2 increased with 4% in 2001 and decreased
with between 2 and 8% each year 2002-2007.

¢ Fugitive CH, and CO, emissions from transmission of natural gas have been

estimated by using the default method in the IPCC good practice guidance.
The emissions of CH, were estimated by Sweden for the first time in the
resubmission of 2011 and the CO, emissions in submission 2012. The
trend shows increasing emissions from 1990 to 2010 and the emissions as
CO, equivalents have been estimated to be 19 Gg in 1990 and 38 Gg in
2010.

e Fugitive CH4 emissions from distribution of natural gas have been estimated

3.3.2.6

by using the default method in the IPCC good practice guidance. The
emissions were estimated by Sweden for the first time in the resubmission
of 2011. The trend shows increasing emissions from 1990 to 2010 and the
emissions as CO, equivalents have been estimated to be 26 Gg in 1990 and
34 Gg in 2010.

SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.
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4 Industrial processes (CRF
sector 2)

4.1 Overview of sector

For Sweden the most important industries within the industrial sector has histori-
cally been base industries such as mining, iron and steel industry and pulp and
paper industry. Other important industries when considering emissions of green-
house gases from industrial processes include the cement industry, primary alumin-
ium production, consumption of fluorinated greenhouse gases and some processes
in the chemical industry.

Greenhouse gas emissions from the industrial processes sector have increased
511 Gg CO, equivalents from 6,330 Gg CO, equivalents in 1990 to 6,841 Gg CO,
equivalents in 2009, an increase of 8.1% (

Figure 4.1). The trend is mainly affected by increased emissions of HFCs
(+845 Gg CO; equivalents) and CO, (+417 Gg CO, equivalents), but also in de-
creased emissions of N,O (-500 Gg CO, equivalents) and PFCs (-219 Gg). In

Figure 4.1 it can be seen that in 2010, CO, is by far the largest contributor
among the greenhouse gases in this sector, accounting for 78% of the GHG emis-
sions. Emissions of HFCs are the second largest greenhouse gas in 2010, account-
ing for 12.4% of the sector emissions.
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Figure 4.1. Total emissions of all greenhouse gases calculated as CO; equivalents from CRF 2
Industrial processes.
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Among the industries in this sector, metal production (CRF 2.C) is the largest con-
tributor in 2010, accounting for 3,326 Gg CO, equivalents or 48.6% (Figure 4.2).
In Figure 4.2 it can be seen that there was a sharp decrease in greenhouse gas emis-
sions from metal production (CRF 2.C) in 2009. This was mainly due to the eco-
nomic recession in 2009 which largely affected the production volumes of iron and
steel in Sweden and thus the emissions are significantly reduced in 2009.

The second largest contributor of greenhouse gases to this sector 2010 is mineral
products (CRF 2.A) with 2,077 Gg CO, equivalents, or 30.4% of the sector emis-
sions. Compared to 1990 there is an increase in greenhouse gas emissions from
mineral products of about 20.6% (Figure 4.2), mainly due to increased production
of lime and clinker.

For chemical industry (CRF 2.B), greenhouse gas emissions have decreased
with 511 Gg CO; equivalents since 1990 and amounted to 458 Gg CO, equivalents
in 2010. The reduction is closely linked to N,O emissions from nitric acid produc-
tion.
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Figure 4.2. Total emissions of all greenhouse gases calculated as CO, equivalents from the
different Industrial processes sub-sectors.

2A Mineral products. 2B Chemical industry. 2C Metal production. 2D Other production. 2F Con-
sumption of Halocarbons and SFs.

The estimated emissions of fluorinated greenhouse gases consist of emissions from
the use of these in various applications, as well as PFC emissions from the primary
aluminium production process. No production of halocarbons or SF¢ (CRF 2.E)
occurs in Sweden. The consumption of fluorinated greenhouse gases (CRF 2.F) has
increased substantially, 803 Gg CO, equivalents, since 1990 (Figure 4.2). The use
of HFCs as refrigerants in refrigerators, freezers and air-conditioning equipment
has contributed to the larger share in later years.

Process emissions from pulp and paper in other production (CRF 2.D) do not
contribute significantly to the emissions of greenhouse gases in Sweden. Table 4.1
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shows the impact of recalculations reported in submission 2012 for GHG emissions
by sector and sub-sectors for 1990, 1995, 2000 and 2005-2009. The recalculations
are mainly due to new information on process-related CO, emissions, in the chemi-
cal industry, other (CRF 2.B.5) and revised information on estimations of fluori-
nated greenhouse gases (CRF 2.F). More detailed descriptions of the recalculations
are found under sector specific sections below.

Table 4.1. Impact of recalculations of GHG emissions submission 2012 in the industrial
processes sector.

Impact of recalculations submission 2012 (Gg CO; eq.)

CRF 2A 2B 2C 2D 2F Total CRF 2 % CRF 2
1990 0 8 3 NA 0 12 0.2%
1995 NA 8 3 NA 6 17 0.3%
2000 0 22 3 NA 3 28 0.4%
2005 2 24 3 NA -14 16 0.2%
2006 3 37 3 NA -17 25 0.4%
2007 3 41 3 NA -32 15 0.2%
2008 1 41 -2 NA -45 -5 -0.1%
2009 0 43 1 NA -65 -21 -0.4%

0: value less than 0.5. NA: no recalculation is performed.

4.2 Mineral products (CRF 2.A)

Reported emissions include estimates for cement production (2.A.1), lime produc-
tion (2.A.2), limestone and dolomite use (2.A.3) soda ash use (2.A.4), asphalt roof-
ing (2.A.5), road paving with asphalt (2.A.6), and other (2.A.7). In the source cate-
gory other (2.A.7), glass production (2.A7.1), non-iron ore mining and dressing
plants, glass and mineral wool production, LECA production and production of
roofing tiles, bricks and ceramics are included. Until 1998 also emissions from
battery manufacturing are included in code 2.A.7.

4.2.1 Cement production (CRF 2.A.1)

4211 SOURCE CATEGORY DESCRIPTION

Cement production occurs at three facilities in Sweden (owned by one company),
with one being dominant. Annual production of cement in Sweden is about 2,000-
3,000 kton. Emissions from cement production stem both from combustion of fuels
and raw materials used in the processes. Emissions arising from fuel combustion
are, with the exception of NOy, reported in the energy sector (CRF 1.A.2.1). For
process-related emissions, facility data are obtained from environmental reports,
EU ETS (European Union Emission Trading Scheme) and by direct contacts with
the facilities. Process related CO, emissions from cement production arise as a by-
product during the production of clinker as limestone is heated to produce lime.
Process related CH4 and N,O emissions from cement production are not occurring
according to the IPCC Guidelines and thus reported as not applicable (NA).
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The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.2.

Table 4.2. Summary of source category description, CRF 2.A.1.

CRF | Gas | Key Category Assessment 2010 | Method EF All sources
Level | Trend | Qualitative estimated
2.A.1 | CO; T2 PS Yes
CH4 NA NA NA
N2O NA NA NA

T2 Tier 2. PS Plant-specific.

4212 METHODOLOGICAL ISSUES

In line with the Good Practice Guidance Tier 2 methodology, plant-specific CO,
emission estimations in Sweden are based on clinker production and include emis-
sions from by-pass dust and cement kiln dust (CKD) as well as emissions from
organic carbon of raw meal.

For 1990-2004, information from the company on CO, emissions is based on
clinker production and default EF from GHG protocol, CKD correction factor and
organic carbon in raw meal.

CO; = Production of cement clinker (Gg) * 0.525 (Gg CO,/ Gg clinker, i.e. default value in
the GHG-protocol) * CKD correction factor+ CO; from organic carbon content of raw meal

The emission estimates were made on initiative by the WRI (World Resources
Institute) for the WBCSD (Working Group Cement CO, Emissions Inventory Pro-
tocol, Version 1.6.), see Facts about the GHG protocol below and on their web-
site”. The protocol tool calculates CO, emissions from raw material converted to
clinker, by-pass dust and CKD discarded, and has been used for all years except
1991-1994 and 1996, for which insufficient information was provided from the
plants. Instead the cement company has reported production and CO, emissions
1991-1994 and 1996 based on mean values from adjacent years.

Facts about the GHG protocol

The GHG protocol has been developed to enable companies to uniformly report their emis-
sions of greenhouse gases. Emissions from stationary combustion and from processes are
included.

Over 500 experts have developed the protocol and it is used by over 150 companies includ-
ing industry associations representing pulp and paper, aluminium and cement.

The protocol for CO, emissions from the production of cement (WBCSD CSlI, version 2.0)
can be found on: http://www.ghgprotocol.org

& http://www.ghgprotocol.org. 2005-10-20.

158


http://www.ghgprotocol.org/

SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2012

From 2005, the company reports plant-specific data on CO, emissions to the EU
ETS. The CO, emissions are based on production of clinker and CaO content of
clinker, but also include CO; contained in released non-recycled dust (CKD and
by-pass) as prescribed by the national guidelines for reporting to the EU ETS ™. In
addition, CO; emissions from organic carbon of raw meal are estimated using in-
formation from the company for 2004.

Table 4.3 shows information on clinker production, total CO, emissions from
clinker production, for year prior to 2005 the calculated emissions from CKD and
the resulting CKD correction factor, and CO, emission from organic carbon con-
tent of raw meal.

Table 4.3. Amount of produced clinker and associated CO, from specific sources.

Year Clinker Total CO; CO; from CO; from CKD CO; from organic
Production 8Missions  cjinker CKD correction carbon content of
(from 2005 factor raw meal
incl. CKD)
Gg Gg Gg Gg Gg
1990 2 348 1272 1233 13 1.010 27
1995 2 405 1296 1263 6 1.005 27
2000 2389 1288 1254 6 1.005 27
2005 2 457 1341 1313 IE NA 28
2006 2 660 1470 1439 IE NA 30
2007 2493 1365 1337 IE NA 28
2008 2644 1425 1395 IE NA 30
2009 2 305 1287 1260 IE NA 26
2010 2454 1350 1322 IE NA 28

IE - Included elsewhere. NA — Not applicable.

Total emissions of NOx by facility are found in the environmental reports or have
been obtained directly from the company. They include emissions from fuel com-
bustion as well as from industrial processes. Due to the use of a large variety
(within and between years) of waste fuels there is a lack of correct emission factors
for the energy sector (1.A.2.1), and thus all emissions are reported in this source
category as process emissions. Reported emissions are decreasing over time since
1990.

Data on SO, emissions from cement production has been obtained directly from the
company or from the environmental reports. Reported emissions are decreasing
over time since 1990.

® Lyberg, A., Cementa, Personal communication, September 2011
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4.2.1.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

Activity data and CO, emissions are reported to the EU ETS and have thus been
verified by an accredited verification body. The uncertainty for activity data is
judged to be + 2% and the uncertainty of the emission factor for CO, is judged to
be + 5%.

All three cement producing facilities in Sweden are covered in the reported esti-
mates and the time-series are considered complete, accurate and more or less con-
sistent. As described above, for 1990-2004 constant CO, EF (0.525 Gg CO,/Gg
clinker produced) is used together with CKD correction factor and CO, emissions
from organic carbon of raw meal. Since 2005, CO, emissions are taken from EU
ETS (including CKD) and CO, emissions from organic carbon of raw meal are
added. This means that different methods are used over time. In Figure 4.3 it can be
seen that CO; IEF for total emissions from clinker production show larger varia-
tions after the introduction of EU ETS data as data source.

0.560

0.555 N

o
in
o
o
\

0.545 -

0.540 " aa— —

CO2 IEF

0.535

o
n
W
o

Gg C02/Gg clinker production

0.525

0.520 T T )
1990 1995 2000 2005 2010

Figure 4.3. CO; IEF for total emissions from clinker production 1990-2010

4.2.1.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

In response to previous review recommendations, discussions with the cement
producers have been finalized and it has been concluded that CO, emissions from
dust are included in the estimations for the whole time-series (see methodological
issues above). In Table 4.3 above information on clinker production, emissions
from production, the calculated emissions from CKD and the resulting CKD cor-
rection factor are presented. Compared to the IPCC default value (1.02) the pre-
sented CKD correction factor is generally lower which is in line with the concep-
tion that dust emission in Sweden are low or nearly non-existent.

Moreover, the implied emission factor for total CO, emissions 2005-2010 ( av-
erage 0.5428 Gg CO,/Gg clinker produced) is somewhat higher than the IPCC
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Guidelines default value (0.5071 Gg CO,/Gg produced clinker) and among the
highest of the reporting Parties of the Convention. This is due to higher CaO con-
tent in clinker (data for 2008 and 2009 shows a variation in CaO content between
63.9 to 67.6%) compared to IPCC Guidelines default value (64.6%), but also be-
cause emissions from the organic carbon content of raw meal and CKD are in-
cluded in the Swedish estimates whereas these sources are not included in the
IPCC Guidelines default value.

To follow the Good Practice Guidance Tier 2 method, information shall also
include the CaO content of the clinker and data on non-carbonate feeds to kilns.
The cement production company reports the CaO content of the clinker to be ap-
proximately 65 %.

4.2.1.5 SOURCE-SPECIFIC RECALCULATIONS

In the previous submission, CO, emissions from the use of limestone for flue gas
purification in one energy industry plant 2009 were double counted, i.e. reported in
this source category as well as in CRF 2A3. In this submission, those emissions
have been correctly deleted from this source category. Due to this recalculation
emissions in 2009 were reduced with 2.8 Gg CO..

4216 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.2.2 Lime production (CRF 2.A.2)

4221 SOURCE CATEGORY DESCRIPTION

In Sweden, quicklime, hydraulic lime and dolomite lime is produced at a number
of facilities, owned by a few companies. Produced lime is, for instance, used in
blast furnaces, in sugar and carbide production and in the pulp and paper industry
to bind impurities and purify the produced material. The production of lime has
increased steadily since 1990 from about 400 Gg to about 700 Gg in 2010. In 2009
there was a large decrease in lime production due to an economic recession in the
EU. CO; is emitted during lime production through calcination of the calcium car-
bonate (CaCOs) in limestone, or through the decomposition of dolomite
(CaCO3-MgCOy). Process related CH4 and N,O are not emitted during lime pro-
duction and thus report as not applicable (NA). Lime contains sulphur which is
released as SO, during the production process.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.4.
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Table 4.4. Summary of source category description, CRF 2.A.2.

CRF | Gas | Key Category Assessment 2010 | Method EF All sources
Level | Trend | Qualitative estimated
2.A.2 | COz D D Yes
CHg4 NA NA NA
N2O NA NA NA
D Default.

4.2.2.2 METHODOLOGICAL ISSUES

4.2.22.1 CO, (Gg)

The emissions of CO, from the production of lime are based on activity data by
type of lime, i.e. on produced amounts of quicklime, hydraulic lime and dolomitic
lime, and corresponding EFs and purity of the limestone from the 2006 IPCC
Guidelines. As CO, emissions also depend on the production process, the methods
for collecting activity data and estimating CO, emissions are described by data
source (i.e. the sugar industry, the pulp and paper industry and other production of
lime) below.

4.2.2.2.1.1 Sugar industry

For determining activity data and emissions of CO, within the sugar industry, the
amounts of limestone for the production of quicklime are used. The quantities are
obtained directly from the sugar producing company from 1999. For years prior to
1999 no data on used amounts of limestone are available. For those years the
amounts of limestone used for production of quicklime are estimated using the
quantity of coke used for lime production 1990 — 1998, together with the average
ratio coke/limestone for the years 1999 to 2002. According to the company the
used limestone consists to 97% of CaCOs.

In the production of sugar, lime is used for purification of the juice. Lime is
added to the raw juice and some impurities are precipitated. In the carbonisation
step CO; is bubbled through the juice and most of the remaining lime is precipi-
tated as CaCOs. The precipitated “limestone” is sold and used within agricultural
activities. Information from the company gives that around 88% of the lime used
was precipitated as CaCOs. For later years this share has increased and in 2009
more than 94% of the lime used is precipitated to CaCOs.

In earlier submissions the whole amount of lime produced and used within the
sugar industry was reported as activity data without taking into account that a large
amount of the produced lime is precipitated as CaCOjs in the carbonation process.
Since submission 2010, only the part of CaO which is not recovered as CaCOs is
reported as activity data.

In Table 4.5 the used amounts of limestone, the amounts of produced lime and
emitted CO,, the precipitated CaCOs, and the reported activity data and CO, emis-
sions from lime production within the sugar industry is presented.
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Table 4.5. Limestone used, amount of produced lime and emitted CO,, precipitated CaCO3
and reported activity data and CO, emissions from lime production within the sugar indus-

try

Year Used Amount of CO; from PrecipitatedPrecipitated Reported Reported
amounts limepro- limepro- share of amount of limeActivity  CO, emis-
of lime-  duced duction lime Data (lime)sions
stone
Gg Gg Gg % Gg Gg Gg

1990 94.7 51.4 40.4 87.5% 45.0 6.4 5.0

1995 76.4 41.5 32.6 87.5% 36.3 5.2 4.1

2000 70.0 38.0 29.9 87.5% 33.3 4.8 3.7

2005 60.9 33.1 26.0 92.0% 30.4 2.6 2.1

2006 68.1 37.0 29.1 92.0% 34.0 3.0 2.3

2007 48.6 26.4 20.7 91.3% 24.1 2.3 1.8

2008 57.3 31.1 24.4 94.4% 29.4 1.7 1.4

2009 55.8 30.3 23.8 94.1% 28.5 1.8 1.4

2010 43.3 23.5 18.5 94.1% 22.1 1.4 1.1

4.2.2.2.1.2 Pulp and paper industry

In response to previous review recommendations, since the 2011 submission, de-
tailed data on the quantities of lime used as make-up lime in the pulp and paper
industry, and quantities of limestone and dolomite used for production of make-up
lime, have been obtained from the Swedish Lime Association and The Swedish
Lime Industry from 1995"".

Based on 2006 IPCC Guidelines, the purity of the limestone is set to 95% for
the production of lime within the pulp and paper industry. The corresponding fig-
ure for dolomite is 100%. For the years before 1995, the amounts of make-up lime
consumed are estimated using the average ratio between the quantity of make-up
lime used and kraft pulp produced for the period 1995 — 2009 and corresponding
production data for 1990 — 1994. Earlier information on the need for make-up lime
has indicated that it would be less than 20 kg per Mg pulp. New information from a
small number of Swedish pulp and paper industries shows that the need may vary
considerably, from less than 10 kg per Mg to over 30 kg per Mg™®. The data used in
submission 2011 gives an average need (1995 — 2008) of 20 kg make-up lime per
Mg kraft pulp (Table 4.6) and can therefore be considered reliable to use to esti-
mate the need for make-up lime to the pulp industry for years before the 1995.
Similarly, the amount of CO, emitted is estimated for 1990 — 1994 by using the
average ratio between emitted CO, and used amounts of make-up lime for the pe-
riod 1995 —2008. The used amount of Make-up lime was very low in 2009 which
led to a reduced amount of emitted CO, in 2009 compared to previous years.

" Swedish Lime Association and The Swedish Lime Industry, Svenska Kalkféreningen, personal com-
munication
Hakan Sbtripple, IVL Swedish Environmental research Institute, personal communication
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Table 4.6. Produced amounts of kraft pulp, IEF (Make-up lime used per produced amounts
of kraft pulp), IEF (CO, emitted per produced make-up lime) and reported activity data and
CO; emissions from make-up lime production for the pulp and paper industry

Year Produced Reported Activ- IEF Reported CO2  IEF
amounts of ity Data (Make- (Make-up emissions (CO2/Make-up lime)
kraft pulp up lime) lime/kraft pulp)

Gg Gg Gg/Gg Gg/Gg

1990 5944 118.7* 0.020** 88.5* 0.7457**

1995 6 377 119.4 0.019 89.0 0.7458

2000 7 557 138.1 0.018 103.0 0.7457

2005 7784 172.0 0.022 128.3 0.7456

2006 7828 156.5 0.020 116.7 0.7455

2007 7835 188.6 0.024 140.7 0.7457

2008 7635 164.7 0.022 122.8 0.7458

2009 7299 116.9 0.016 87.2 0.7458

2010 7 462 169.4 0.023 126.4 0.7458

"estimated

** average ratio for 1995 — 2009

4.2.2.2.1.3 Other production of lime

For all other production of quicklime, hydraulic lime and dolomite (mainly used in
iron and steel production), detailed data from 1990 are obtained from the Swedish
Lime Association”. To avoid double counting of emissions, activity data for pro-
duced quicklime, hydraulic lime and dolomite lime in the sugar industry and the
pulp and paper industry has been deducted.

Based on 2006 IPCC Guidelines, the purity of the limestone is set to 95% for the
production of lime in conventional lime mills. The corresponding figure for dolo-
mite is 100%. The produced amounts of quick lime and dolomitic lime in conven-
tional lime mills was very low in 2009 which led to a reduced amount of emitted
CO, in 2009 compared to previous years.

79 . . I o -
Swedish Lime Association, Svenska Kalkforeningen, personal communication
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Table 4.7. Produced amounts of quick lime and dolomitic lime, emitted CO, and IEF (CO
emitted per produced quick lime and dolomitic lime) in conventional lime mills.

Year Reported Activity Data Reported CO, emissions |EF
(quick lime and dolomitic  (excluding emissions in (CO2/quick lime + dolo-
lime, excluding lime in sugar and pulp industry)  mitic lime)

sugar and pulp industry)

Gg Gg Gg/Gg
1990 264.3 201.1 0.7609
1995 258.4 196.4 0.7599
2000 403.9 306.0 0.7576
2005 495.6 375.6 0.7578
2006 543.7 412.1 0.7581
2007 530.5 402.6 0.7590
2008 541.4 409.6 0.7566
2009 400.6 301.6 0.7528
2010 529.6 398.6 0.7527

4.2.22.2 SO, (Gg)

The emissions of SO, from 1990 have been estimated for production of quick lime.
The estimations from quick lime production were calculated using emission factors
presented in environmental reports by one of the producers®. The emission factor
provided by the lime producer is substantially higher for 2008 and 2009 than for
earlier years. This resulted in an increase of reported SO, emissions for 2008 com-
pared to earlier years. However in 2009 the reported SO, emissions were again on
the same level as before 2008 due to less use of lime.

Emissions of SO, from quick lime production intended for the pulp and paper
industry are not included in the estimates reported in CRF 2.A.2.

4.2.2.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainty for activity data is £ 2% and the uncertainty of the emission factor
for CO, is + 5%. The time-series are considered accurate, consistent and complete.

4224 SOURCE-SPECIFIC QA/QC AND VERIFICATION

The activity data reported in 2.A.2 have been compared with national statistics
from Statistics Sweden in line with the Good Practice Guidance Tier 25",

The comparison (Figure 4.4) shows that national statistics are more irregular
but for most years the coherence is good. The differences are especially high in
1998, 1999 and from 2003 and onwards. The national statistics are based on na-
tional surveys mainly aiming at collecting data for economic statistics. In these
surveys not all facilities are included and for those the produced amounts are esti-
mated, which might lead to over- or underestimations of, in this case, produced

80 Nordkalk, http://www.nordkalk.com
Statistics Sweden. Data from the Industrial production database: www.scb.se
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amounts of lime. That leads to larger flutuations and higher uncertainties in the
national statistics from Statistics Sweden compared to data from the Swedish Lime
Association and the Swedish Lime Industry® is used as data source.
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Figure 4.4. National total on produced amount of
Sweden and reported data in CRF 2.A.2.

ime according to data from Statistics

Quick lime is also produced and used within carbide production. According to the
IPCC Guidelines, CO, emissions arising from this lime should be reported under
CRF 2B4, together with other CO, emissions from carbide production. It is not
known whether this lime is included in the national statistics in Figure 4.4, but it is
most likely not.

4.2.2.5 SOURCE-SPECIFIC RECALCULATIONS

Emissions of CO, have been recalculated 1990-1994 and 2000-2007 due to a minor
error in the previous calculations, resulting in increased emissions up to 0.1 Gg.

4226 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.2.3 Limestone and dolomite use (CRF 2.A.3)

4.23.1 SOURCE CATEGORY DESCRIPTION

Limestone and dolomite are used in various processes in Sweden such as cement
production, lime production, carbide production, iron sinter production (further
described in 2.C.1.3), steel and other metal production, production of clay-based
products, glass wool and mineral wool production, glass production, flue gas puri-
fication in energy industries and production of chemical products. The use of lime-

82 Swedish Lime Association and The Swedish Lime Industry, Svenska Kalkféreningen, personal com-
munication
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stone and dolomite in these processes gives rise to emissions of CO,. However, not
all CO, emissions from the use of limestone and dolomite are reported in this
source category (see methodological issues below). Process-related CH, and N,O
are not emitted during limestone and dolomite use and thus reported as not appli-
cable (NA). The largest contributor of CO, emissions in this source category is the
iron sinter production. Three facilities (owned by one company) in the north of
Sweden produce iron sinter. The use of dolomite in iron sinter production is on
average about 80-120 Gg, while the use of limestone was introduced 1999 and has
since increased over time to reach the highest use of about 100 Gg in 2010.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.s.

Table 4.8. Summary of source category description, CRF 2.A.3.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2.A.3 | CO, Cs D Yes
CHa, NA NA NA
N2O NA NA NA

D Default. CS Country Specific

4232 METHODOLOGICAL ISSUES

This source category comprises of activity data, CO, emissions from the use of
limestone and dolomite within facilities producing iron sinter, glass wool and min-
eral wool, chemical products, but also use of limestone and dolomite for flue gas
purification in energy industries.

CO, emissions from the use of limestone and dolomite in the production of cement
(2.A.1), lime (2.A.2) and carbide (2.B.4) are reported in corresponding CRF source
categories in accordance with the IPCC Guidelines. According to the IPCC Guide-
lines, all other emissions of CO, from the use of limestone and dolomite should be
reported as process emissions from limestone and dolomite use in CRF 2.A.3.
Since the Centralized review of submission 2004 the ERT has repeatedly recom-
mended Sweden to follow the guidelines. Since the CO, emissions from limestone
and dolomite are small in some source categories it is not considered to be good
practice to spend resources obtaining underlying data to separate these emissions.

Sweden has chosen to not include in 2.A.3 (but in corresponding categories):
e CO, emissions from the use of limestone and dolomite in primary and sec-
ondary production of steel (2.C.1.1, 2.C.1.2),
e CO, emissions from the use of limestone and dolomite in other metal pro-
duction (2.C.5),
e CO, emissions from the use of limestone and dolomite in production of
clay based products (2.A.7) and
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e CO, emissions from the use of limestone and dolomite in glass production
(2.A7.2).

In the case of limestone and dolomite use within the production of glass, the reallo-
cation of CO, emissions from 2.A.3 to 2.A.7.1 is due to recommendations from the
EC (European Commission) Internal review in 2009. Emissions of CO, from use of
limestone and dolomite for the production of clay based products are reported in
2.A.7. This is due to the fact that emissions originating from the use of limestone
and dolomite seldom are separately reported in the ETS, but rather reported to-
gether with other carbon containing raw materials.

Data on the use of limestone and dolomite in this source category has been ac-
quired from environmental reports, the ETS and through direct contacts with the
companies. The calculations are made by applying the IPCC Guidelines default
emission factors for limestone and dolomite®.

Formulas for CO, emissions from limestone and dolomite:

44,0098 ]
CO:2 (Gg) = ————— x f x limestone (G
2 (69) = 1000802 * T > (G9)
88.02

184.4

CO2 (Gg) = x T x dolomite (Gg)

where f is the purity of the limestone and dolomite, set to 97% and 100% respec-
tively.

In Table 4.9 the use of limestone and dolomite, and corresponding CO, emis-
sions, for glass production (2A7.1), primary (2C1.2) iron and steel production and
other metal production (2.C.5) are presented for 2005-2010. In relation to the
amounts reported in 2.A.3 (Table 4.10), the yearly amounts not included in 2.A.3
represents around 35% of the total use of limestone and dolomite in Sweden 2005 —
2010.

83 IPCC. Revised 1996 Guidelines for National Greenhouse Gas Inventories: Reference Manual section
252
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Table 4.9. Used amounts of limestone and dolomite for production of glass, primary steel
production and other metal production, 2005 - 2009.

Year 2A7.1 2A7-clay 2C1.1 2C1.2 2C5
based prod-
ucts

AD, CO, AD, CO, AD, CO, AD, CO, AD, CO,
Gg Gg Gg Gg Gg Gg Gg Gg Gg Gg

* * * *

2005 68 31.7 84 36.1 5 2.1
2006 73 337 ° * * * 84 361 4 18
2007 72 336 * * * 72 309 5 23
2008 73 337 ° * * * 8 381 4 18
2009 55 25.5 * * * * 57 24.5 4 1.7
2010 66 30.8 * * * * 67 286 6 2.5
* not possible to separate CO; from limestone/dolomite for included facilities
Table 4.10. Used amounts of limestone and dolomite and corresponding CO, emissions
reported i 2A3.

Total 2A3  Total 2A3 CO2 CO;, CO; CO;

Activity data CO, Iron sinter Energy indus-  Other mineral Other chemical

(limestone production tries products industry

and dolo- (flue gas desul- (glass wool

mite) phurisation) and mineral

wool)

Gg Gg % % % %
1990 194 90.4 42.2 11.5 26.1 20.1
1995 214 100.2 54.1 14.2 17.9 13.8
2000 245 113.3 67.4 9.5 15.1 8.0
2005 248 115.8 70.3 15.6 9.6 4.5
2006 235 109.2 65.0 18.4 10.9 5.7
2007 261 121.7 70.2 14.8 9.8 5.1
2008 284 130.7 73.8 11.5 10.0 4.7
2009 223 104.4 70.0 13.7 9.3 6.9
2010 294 135.1 75.4 10.4 9.2 5.0

The emissions have increased during the reporting period due to higher limestone
and dolomite use in the production of ore-based iron pellets. This increase is how-
ever softened by a decrease in the use within the mineral and glass wool industry
and the chemical industry. Decreased emissions from the glass wool industry are
partly due to an increased use of recycled materials and thereby less need for lime-
stone and dolomite for raw glass wool production. During 2009 the used amounts
of limestone and dolomite was lower compared to previous year due to the eco-
nomic recession.

Data on the use of limestone and dolomite have been acquired from environ-
mental reports, the ETS and through direct contacts with the companies.
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4.2.3.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainty for activity data is + 7% and the uncertainty of the emission factor

for CO, is + 5%. The time series are considered accurate, consistent and complete.

It is however possible that there are small facilities using (insignificant amounts of)
limestone and dolomite which perhaps are not included in the Swedish inventory.

4.2.3.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION

No source-specific QA/QC or verification is performed. For facilities part of the
EU ETS, data on CO, emissions should however be used for verification of calcu-
lated CO, emissions using the IPCC default values.

4235 SOURCE-SPECIFIC RECALCULATIONS

CO, emissions from flue gas purification in one facility have been added from
2005 due to information from the EU ETS. The flue gas purification in this facility
was probably introduced in 1999-2000, but no information has been acquired to
confirm this. The recalculation resulted in an increase in CO, emissions of about 1-
3 Gg.

4.23.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.2.4 Soda ash use (CRF 2.A.4)

4241 SOURCE CATEGORY DESCRIPTION

Soda ash is used in the production of glass wool, moist snuff and chemicals i.e.
detergents, and until 2004 also in flue gas desulphurisation at energy plants. Soda
ash is also used in production of glass (2A7.1). Soda ash is not produced in Swe-
den. The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.11.

Table 4.11. Summary of source category description, CRF 2.A.4.

CRF | Gas | Key Category Assessment 2010 | Method EF All sources
Level | Trend | Qualitative estimated
2.A.4 | COz CS D Yes
CHg4 NA NA NA
N2O NA NA NA

D Default. CS Country Specific

4242 METHODOLOGICAL ISSUES

In 2004 a study was carried out to collect data on soda ash use and calculate CO,
emissions.®* From this study it became clear that no production of soda ash occur

84 Nystrém. 2004. SMED-report: CO, from the use of soda ash.
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in Sweden, and is hence reported as NO in the CRF. Activity data consists of soda
ash use from ten plants within several areas:

e production of glass wool, moist snuff and chemicals

e until 2004, in flue gas desulphurisation at energy plants

As for the use of limestone and dolomite, the emissions and activity data concern-
ing use of soda ash within the glass industries have been reallocated to 2.A.7.1 due
to recommendations from the EC Internal review in 2009. This reallocation reduces
the reported CO, emissions by approximately 50% in the early 1990s and by over
90% for the last years. The reason for the large effect on reported emissions in later
years is due to large changes in the use of soda ash in one chemical industry. This
industry spent during the early 1990s considerable amounts of soda ash, and has
since 1997 sharply reduced their consumption. In the beginning of the new millen-
nium the soda ash used for manufacturing at this industry is bound in products, and
thus no CO; is emitted.

Activity data for the use of soda within water treatment and moist snuff production,
by others than the dominant manufacturer, has been estimated based on informa-
tion from expert organisations®® and the dominant snuff manufacturer. The emis-
sions are calculated by applying the IPCC Guidelines default emission factors for
soda ash for all activity data:

44.0098
CO: (Gg) = ——— x sodaash(G
2 (69 = 105 0884 (G9)

Data on the use of soda ash have been acquired from the ETS and through direct
contacts with the reporting companies.

The data used for national GHG estimations from soda ash use is believed to be
more consistent and complete, compared with the data from national statistics,
since the data for in the inventory is collected from the ETS, from the environ-
mental reports of the facilities or by direct contact with the plants.

4243 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainty for activity data is + 7% and the uncertainty of the emission factor
for CO, is + 5%. The time series is consistent and complete for the major plants,
but it has to be noted that some facilities using small amounts of soda ash might be
missing in the inventory.

4.24.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

4245 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

& The Swedish Chemicals Agency (Keml), www.kemi.se
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4246 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.2.5 Asphalt roofing (CRF 2.A.5)

4.25.1 SOURCE CATEGORY DESCRIPTION

Since the end of the 1990’s there have only been two companies in Sweden pro-
ducing asphalt-saturated felt. Production and emission data provided by the manu-
facturers have been used for developing emission factors for estimations of the
NMVOC emissions. No measurements or estimations on CO emissions have been
performed by the industry and are consequently reported NE, not estimated, for the
whole time-series. The summary of the latest key category assessment, methods
and EF used, and information on completeness, i.e. if any sources are not estimated
(NE), is presented in Table 4.12.

Table 4.12. Summary of source category description, CRF 2.A.5.

CRF | Gas | Key Category Assessment 2010 | Method EF All sources
estimated

Level Trend Qualitative

2.A5 | CO; NA NA NA

D Default. CS Country Specific. T2 Tier 2. PS Plant-specific.

4252 METHODOLOGICAL ISSUES

Data on the total Swedish production of asphalt-saturated felt was provided by the
producing companies. Emission factors for asphalt roofing manufacture are pre-
sented in EMEP/CORINAIR Emission Inventory Guidebook.®® These are based on
studies performed during the 1970s in the USA and presented by EPA.%’ As stated
in the guidebook, the level of uncertainty regarding the suggested emission factors
is high, and it is recommended that better factors should be developed and used.

After contact with the industry, emission factors based on measurements and
calculations made by the manufacturers were developed before submission 2005
for estimating the NMVOC emissions from the Swedish production of asphalt-
saturated felt (Table 4.13)%.

gs EMEP/CORINAIR Emission Inventory Guidebook: http://reports.eea.eu.int/EMEPCORINAIR4/en
Shrager, Brian and Marinshaw, Richard. 1994. Emission Factor Documentation for AP-42, Section

11.2, Asphalt Roofing, Final Report. For U.S. Environmental Protection Agency , Office for Air Quality

g’éanning and Standards, Emission Inventory Branch. MRI Project No. 4601-01.

Danielsson, H. 2004. SMED report: Investigation on the occurrence of emissions from asphalt roofing

in Sweden.
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Table 4.13. Estimated emissions of NMVOC from manufacturing of asphalt-saturated felt
(CRF 2A5) in Sweden 1990 - 2010.

Year NMVOC emissions from asphalt roofing, 2A5
Mg
1990 77.7
1995 98.6
2000 111.1
2001 112.9
2002 109.2
2003 101.1
2004 113.7
2005 139.7
2006 132.7
2007 142.4
2008 138.6
2009 103.1
2010 105.4

The NMVOC emissions from the production of asphalt-saturated felt originate
from the felt saturation and coating processes and from leakage from the asphalt
storage tanks, the latter being the dominating source. For the calculation of the
NMVOC emissions, separate emission factors were used, 0.068 kg/Mg and 1.56
kg/Mg, respectively. The emission factors are based on measurements/estimations
from 2003 and 1997. Previously reported notation keys for activity data have been
changed from NE to C.

4,25.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY
The time-series are consistent

4.25.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

4255 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

4256 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.2.6 Road paving with asphalt (CRF 2.A.6)

4.26.1 SOURCE CATEGORY DESCRIPTION

Large changes have occurred in asphalt paving technology over the last decade,
with a gradual change towards use of water-based emulsions instead of solvent-
containing bitumen solutions. Industry representatives estimated that the naphtha
content in the solutions used for road paving was on average 23 % in 2002 and 33
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% in 2010. In this inventory, only NMVOC emitted in the process of paving the
roads is included. The summary of the latest key category assessment, methods and
EF used, and information on completeness, i.e. if any sources are not estimated
(NE), is presented in Table 4.14.

Table 4.14. Summary of source category description, CRF 2.A.6.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative

2.A.6 | CO; NA NA NA

4.26.2 METHODOLOGICAL ISSUES

Estimates for the early 1990s are taken from investigations and inventories made in
the early 1990s. Data for the years 2002 — 2010 has been calculated based on in-
formation from the asphalt producers on the average amount of solvent (naphtha)
in the mixtures used for road paving. The producers have also provided figures on
the total amount of road paving mixtures delivered in Sweden. It is assumed that all
solvents in the solvent-based bitumen are emitted when used. Emissions of
NMVOC reported for the years in mid- and late 1990s were interpolated (Table
4.15). In the calculations no emissions from imported solvent-based bitumen are
used. The amount of imported solvent-based bitumen is most likely very small. In
2005 the emission of NMVOC was very high due to the fact that a heavy storm
ruined many roads in southern Sweden. These roads needed to be restored quickly
and solvent-based bitumen was used for this purpose.

Table 4.15. Emissions of NMVOC 1990-2010 from road paving with asphalt.

Year NMVOC from road paving with asphalt
Mg
1990 6 200
1995 3800
2000 1170
2005 1230
2006 750
2007 935
2008 855
2009 341
2010 256

4.2.6.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY
The time-series is consistent.

4.2.6.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

4.2.6.5 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.
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4.2.6.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.2.7 Other (CRF 2.A.7)

4271 SOURCE CATEGORY DESCRIPTION
Specified sub-categories under this heading are “Glass production (2.A.7.1)”,

“Non-Iron ore mining and dressing”, “Glass and mineral wool production”, “Bat-
tery manufacture” and “Light expanded clay aggregate (LECA), roofing tile, brick,
and ceramics production®. The summary of the latest key category assessment,
methods and EF used, and information on completeness, i.e. if any sources are not

estimated (NE), is presented in Table 4.16.

Table 4.16. Summary of source category description, CRF 2.A.7.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2.A.7 | COz CS CS,D No, see Annex 5
CHa4 NA NA NA
N.O NA NA NA

D Default. CS Country Specific. T2 Tier 2. PS Plant-specific.

4.2.7.1.1 Glass production, CRF 2.A.7.1

In Sweden there is one facility for float glass production, one for container glass
and several small facilities for manual glass production. Emissions of CO, from the
use of limestone and soda ash in glass production are from submission 2010 and
onwards reported in 2.A.7.1. In earlier submissions CO, from the use of limestone
and of soda ash in glass productions were reported under 2.A.3 and 2.A.4, respec-
tively. From the float glass production, the total emissions of SO, and NOx from
the glass furnace are allocated to 2.A.7.1 since a separation into energy-related and
process-related emissions is not possible. From the container glass production, SO,
emissions originating from the raw material and small amounts of NMVOC are
reported. All other emissions from the glass production facilities are from combus-
tion for energy purposes, and are allocated to the Energy sector (CRF 1).

4.2.7.1.2 Non-lIron ore mining and dressing, CRF 2.A.7
The only emissions reported for the non-iron ore mining and dressing are, in this
submission, NOx released from use of explosives. Also CO is emitted but no data
concerning the CO emissions are available and the time series 1990 — 2010 is thus
reported NE. Estimated emissions from combustion of fuels are included in the
Energy sector (CRF 1).
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4.2.7.1.3 Glass and mineral wool, CRF 2.A.7

Glass and mineral wool production occurs at three facilities run by two companies.
Before 2004 there were four facilities but one closed down during 2003.

4.2.7.1.4 Battery manufacturing, CRF 2.A.7

One battery producer of NiCd-batteries previously used iso-propanol in their proc-
esses, which gave rise to emissions of NMVOC. The process was changed in 1998
and, since then, no NMVOC emissions occur from this source.

4.2.7.1.5 Light expanded clay aggregate (LECA), roofing tile, brick and
ceramics production, CRF 2.A.7

In this sub-code under 2.A.7 Sweden report CO, emissions from production of clay
based materials such as LECA, roofing tiles, bricks and ceramics. During the pro-
duction CO, is emitted from the burning of fuels, reported in CRF 1.A.2.f, but CO,
originating from the clay, the limestone and from other carbon containing material
is also emitted. Reported CO, emissions represent the emissions from totally six
facilities the years 1990-2008 and from totally five facilities from 2009 and on-
wards since one facility closed down during 2008. One of the facilities is dominat-
ing in CO2 emissions. All CO, emissions from raw material used are reported in
2.A.7.

4272 METHODOLOGICAL ISSUES
Specified sub-categories under this heading are, “Non-Iron ore mining and dress-

ing”, “Glass and mineral wool production”, “Glass production”, “Battery manufac-
ture” and “Light expanded clay aggregate (LECA), roofing tile, brick, and ceramics

production®.

4.2.7.2.1 Glass production, CRF 2.A.7.1

Emissions of CO, from the use of limestone and from the use of soda ash in glass
production are reported in CRF 2.A.7.1 together with CO, emissions from other
carbon containing raw material. Of the reported total CO, emissions in 2.A.7.1,
approximately 44% is caused by the use of soda ash and 55% on the use of lime-
stone and dolomite. The remaining CO, is emitted as a result of use of other carbon
containing raw materials.

Activity data and emissions are mainly collected from the ETS or from the fa-
cilities yearly environmental reports. For small glass production plants a constant
amount of 0.9 Gg CO, per year, and corresponding amount of limestone, is added.
This estimate is based on information from a survey made in the late 1990s by the
Swedish EPA on small glass production facilities and represents data from 1997.
Two different estimates were made, one based on the consumption of carbonates
for the production of glass and crystal, and the other based on the knowledge on the
percentage weight loss depending on emitted CO,, from weight of raw material to
produced amount of glass or crystal. Both estimates result in CO, emissions of
around 0.9 Gg, yearly.
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The process-related SO, emissions from container and float glass production
are reported for the period 1990 — 2010 in CRF 2.A.7. The reported NOyx emissions
originate from the production of float glass. Data has been provided directly by the
companies or collected from their environmental reports.

4.2.7.2.2 Non-lron ore mining and dressing, 2.A.7

Data on NOyx emissions from use of explosives within the non-iron ore mining
industry are reported 2002 — 2010, but for the years 1990 — 2001 no information is
presently available. Data on NOx emissions are collected from the companies'
environmental reports to the authorities.

4.2.7.2.3 Glass and mineral wool production, 2.A.7

Within mineral wool production, the limestone and dolomite used cause process
emissions of CO, which are allocated to CRF 2.A.3 according to the IPCC Guide-
lines. For some years however (1990-1995 and 1998-1999), blast furnace slag was
used in the process causing CO, emissions as well. These emissions are reported in
CRF 2.A.7. Activity data on the slag consumption has been obtained for the men-
tioned years from the mineral wool producers. The emission factor is 0.04 Gg CO,
/Gg slag based on that the slag contains 1 % carbon and the CO, emissions are
calculated by using the formula:

Emissions of CO, (Mg) from use of slag = Slag (Mg) * 0.01 * (C content) * 44/12

For glass and mineral wool production, the time series of NMVOC emissions is
based on data received from the companies directly or as reported in environmental
reports together with earlier total estimates. The emissions of NMVOC consist of
formaldehyde and phenol.

4.2.7.2.4 Battery manufacture, 2.A.7

NMVOC emissions from battery manufacture for the period 1990-1998 are com-
piled from data presented in the companies' environmental reports. The process has
changed and no emissions of NMVOC occur after 1998.

4.2.7.2.5 Light expanded clay aggregate- (LECA), roofing tile, brick
and ceramics production, 2.A.7
Activity and emissions data for LECA production 1990 - 2004 is retrieved directly
from the production plant, split into emissions from clay and emissions from addi-
tives (limestone and other carbon containing material). From 2005 and onwards,
the equivalent data is acquired through the ETS and the Swedish LECA producer’s
annual report.

For roofing tile, brick and ceramics production, activity and emission data from
2005 and onwards is acquired through the ETS. The data in the ETS does not al-
ways separate between emissions from limestone/dolomite use and CO, emissions
from other carbon containing raw material (i.e. from the clay and other carbonates
used) needed for the production. In order to as far as possible report an accurate
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total process-related CO, emission for the facilities included in this 2.A.7 sub-code,
Sweden have chosen to report all CO, emissions in 2.A.7.

As there is a lack of data before 2005, the reported emissions for 2005 are ex-
trapolated for 1990-2004.

As activity data reported in this 2.A.7 sub-code produced amounts of LECA is
reported due to lack of activity data for remaining facilities. The implied emission
factor may vary somewhat from one year to another because of the specific compo-
sition of limestone, clay and additives with different carbon contents. In 2007, the
C-content in one of the additives for LECA production was unusually high which
has resulted in comparatively high CO,-emissions for that year. The use of lime-
stone and other additives in LECA production has declined in favour of clay which
today contributes to about 88 % of all process related CO, emissions from LECA
production. The facility producing LECA corresponds to around 75% of yearly
reported CO, emissions in this 2.A.7 sub-code.

4.2.7.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainties of the direct CO, emissions in 2A7 are considered to be + 7%
based on expert judgements.

4.2.7.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

4275 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

4276 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.3 Chemical industry (CRF 2.B)

Sources covered in the reporting are nitric acid production (2.B.2), carbide produc-
tion (2B4) and other (2B5), which include a large variety of processes in the
chemical industry. No ammonia production (2.B.1) or adipic acid production (2B3)
occurs in Sweden.

4.3.1 Ammonia production (CRF 2.B.1)

43.1.1 SOURCE CATEGORY DESCRIPTION

There is an annual production of about 5 Gg of ammonia in Sweden, according to
United Nation statistics®®. This ammonia is however not intentionally produced,
but is a by-product in one chemical industry producing various chelates and chelat-

8 UN. Commodity Production Statistica Database. Department of Economic and Social Affairs, Statis-
tics Division,. As referred in FCCC Synthesis and Assessment report 2002 Part I.
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ing agents, such as EDTA, DTPA and NTA®. Emissions from this industry are
included in CRF code 2B5. Ammonia production, 2.B.1, is thus reported as NO in
the CRF-tables.

4.3.2 Nitric acid production (CRF 2.B.2)

4321 SOURCE CATEGORY DESCRIPTION

Production of nitric acid has taken place at three facilities in Sweden during 1990-
2000. One of these was shut down at the end of 2000, and a second one was shut
down during 2001. Therefore, there is currently only one facility producing nitric
acid in Sweden. The summary of the latest key category assessment, methods and
EF used, and information on completeness, i.e. if any sources are not estimated
(NE), is presented in Table 4.17.

Table 4.17. Summary of source category description, CRF 2.B.2.

CRF | Gas | Key Category Assessment Method EF All sources
2010 Estimated
Level Trend Qualitative
2B.2 | CO; | X X NA NA NA
CHs | X X NA NA NA
N20 X T2 PS Yes

T2 Tier 2. PS Plant-specific.

4322 METHODOLOGICAL ISSUES

Activity data, such as the produced amount of nitric acid, has been obtained from
the facilities and from official statistics. Emission estimates of N,O have been
reported in the companies’ environmental reports or have been provided by the
facilities directly. Emission data is not available for all facilities for 1991-1993.
Since two plants have been shut down, it is no longer possible to acquire this in-
formation. Calculations have therefore been made based on production statistics
and an assumed emission factor (Table 4.18). The assumed emission factor of 7
kg/Mg for 1991 - 1993 is based on the calculated emission factors for 1990 and
1994 and is in line with the default factors for nitric acid production presented in
Table 4.7 in IPCC Good Practice Guidance.

Documentation has been received from the facility concerning production data,
production capacity and abatement measures, used emission factors and the method
used for estimating emissions as well as uncertainty in emission estimates. How-
ever, this information is confidential.

% Kindbom, 2004. SMED report: Investigation on the occurrence of ammonia production in Sweden.
2004-05-11.
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Table 4.18. Activity data, emission factors and emissions for N,O for nitric acid produc-
tion

Year Production of nitric acid Calculated EF (1990 and 1994- Emissions of N,O,
Gg 2010),kg/Mg Gg

1990 374 7.02 2.63
1991 395 7.00* 2.77
1992 380 7.00* 2.66
1993 369 7.00* 2.58
1994 377 6.62 2.50
1995 417 5.48 2.29
1996 400 5.48 2.19
1997 390 5.56 2.17
1998 400 6.10 2.44
1999 383 5.58 2.14
2000 430 4.80 2.06
2001 282 5.48 1.55
2002 263 541 1.42
2003 258 5.39 1.39
2004 257 5.37 1.38
2005 264 5.37 1.42
2006 272 5.42 1.47
2007 249 3.16 0.788
2008 266 3.26 0.866
2009 243 4.05 0.983
2010 257 3.92 1.01

*Emission factors have been assumed

4.3.2.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainty for activity data is £ 2% and the uncertainty of the emission factor
for N,O is = 5%. The time-series is consistent. The fluctuations in the calculated
total EF for N,O 1994 — 2000 (Table 4.18) are mainly due to fluctuations in one of
the facilities. The IEFs are within the IPCC default interval (2-19 kg N.O/Mg).
Activity data and reported emissions have been acquired from reporting in e.g.
environmental reports from the facility, but since the facility has shut down, it is no
longer possible to check previously reported estimates. Beside emissions of N,O
also emissions of NOy are reported.

The lower level of N,O emissions from 2001 and onward compared to ear-
lier years is a result of one facility being shut down in late 2000 and a second one
during 2001. Emissions for all years, except 1991 - 1993, are as reported from the
facilities. The higher level of NOyx emissions in year 2004 is a result of a long last-
ing leakage of NOx from one of the production units at the active facility. During
2007 catalytic abatement was installed at one of the production units at the active
facility and as a result the emissions of N,O and NOx have been reduced compared
to previous years. During 2009 the production of nitric acid was lower compared to
previous years and also lower than in 2010.The increase of the N,O emission factor
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between 2008 and 2009 is due to that the N,O reduction catalysts were not used
during 2009. In 2010 the catalysts were used again but not during all months of the
year, which probably is the reason for the higher emission factor in 2010 compared
to 2007 and 2008.

4.3.2.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

4.3.25 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

43.2.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.3.3 Carbide production (CRF 2.B.4)

433.1 SOURCE CATEGORY DESCRIPTION

Silicium carbide production does not occur in Sweden but calcium carbide is pro-
duced at one facility. All process-related CO, emissions from the industry are in-
cluded in the code 2.B.4.2. The summary of the latest key category assessment,
methods and EF used, and information on completeness, i.e. if any sources are not
estimated (NE), is presented in Table 4.19.

Table 4.19. Summary of source category description, CRF 2.B.4.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative

2.B.4 | CO; D PS Yes

D Default. PS Plant-specific.

43.3.2 METHODOLOGICAL ISSUES

To cover all sources of CO, from the production of calcium carbide, estimates of
emissions from the production of quick lime, from the reduction of quick lime to
calcium carbide and CO, from use of calcium carbide have been made. In the ta-
bles and text below the estimated CO, emissions to be reported in CRF 2B4.2 are
presented.

4.3.3.2.1 CO; emissions from quick lime production
In order to estimate the CO, emissions from the first step of the production of cal-
cium carbide, the amount of limestone used for quick lime production is used as
activity data together with the default emission factor from Revised 1996 IPCC
Guidelines, 0.44 Mg CO,/Mg limestone used. During the time period 1990 — 2010
the facility has for some years produced all quick lime that has been used in the
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production while in other years large amounts of quick lime has been bought from
other producers of quick lime. Thus, the CO, emission varies between years as can
be seen in Table 4.20.

Table 4.20. Limestone used for quick lime production and associated CO, emissions to
bereported in CRF 2.B.4.2.

Year Limestone used for quick lime CO; from quick lime production,
production, Gg Gg
1990 96 42
1995 79 35
2000 64 28
2005 75 33
2006 23 10
2007 69 30
2008 61 27
2009 9 4
2010 51 22

4.3.3.2.2 CO; emissions from calcium carbide production

Calcium carbide is produced in an electric arc furnace at high temperature, 2000 —
3000 °C. Quick lime, CaO, is reduced with coke and forms CaC,. In this process an
energy rich gas is produced as a by product. This gas is used as fuel within the
facility and to some extent in other nearby plants and thus only a minor part of the
gas is flared. To calculate the CO, emissions from the reduction of quick lime to
calcium carbide, data on produced amounts of calcium carbide, share of gas flared
and default emission factor in IPCC Guidelines are used. Since there only is one
producer of calcium carbide in Sweden the produced amounts are reported as con-
fidential, C.

Table 4.21. Share of flared carbide oven gas and associated CO, emissions to be reported
in CRF 2.B.4.2, 1990 - 2010.

Year Carbide oven running time / Flaring CO; from the reduction of CaO to CaCy,
time, % Gg
1990 6% 4
1995 7% 4
2000 14% 6
2005 15% 7
2006 13% 6
2007 10% 4
2008 8% 4
2009 10% 3
2010 9% 3

4.3.3.2.3 CO, emissions from use of calcium carbide

In Revised 1996 IPCC Guidelines it is stated that in addition to reporting CO,
emissions from calcium carbide production, also CO, originating from the use of
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calcium carbide has to be reported. To be able to estimate the CO, emission from
use of calcium carbide only the amount of calcium carbide for acetylene production
and the use within the country has to be taken into account. Information from the
calcium carbide producer in Sweden indicates that one third of the calcium carbide
is used for acetylene production. Assuming that imported and exported amounts of
acetylene have the same utilisation it is possible to reasonably well estimate the
CO, emissions originating from acetylene use. Yearly statistics on imported and
exported amounts from 1998 and onwards are available from Statistics Sweden®*,
Amounts used for acetylene production for earlier years are estimated. The default
emission factor presented in the Revised 1996 IPCC Guidelines, 1.1 Mg CO,/Mg
calcium carbide use, has been used for the estimations.

Table 4.22. Amount of calcium carbide used for acetylene production, and CO, emissions
from acetylene use reported in CRF 2.B.4.2.

Year Amount of calcium carbide for CO; from use of acetylene, Gg
acetylene production, Gg

1990
1995
2000
2005
2006
2007
2008
2009
2010

N N o

10

g b © 0 0 © O O N

o U1 © ©

4.3.3.2.4 Time series reported in CRF 2.B.4. 2

In table 4.23, the total CO, emission for some years in the time series reported in
submission 2012 is presented. Since there is only one producer of calcium carbide
in Sweden production statistics are reported as confidential, C. The total reported
CO, emissions in CRF 2.B.4.2 are based on:
e  produced amounts of quick lime and emission factors from Revised
1996 IPCC Guidelines
e produced amounts of calcium carbide, share of gas flared and the de-
fault emission factor according to the Revised 1996 IPCC Guidelines
e amount of calcium carbide used for acetylene production within the
country and the default emission factor presented in the Revised 1996
IPCC Guidelines.

91
www.sch.se
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Table 4.23. Time series reported in CRF 2.B.4 2.

Year Produced calcium carbide, Gg CO2 emissions from production and use
of calcium carbide, Gg
1990 C 54.2
1995 c 45.5
2000 C 40.8
2005 C 49.6
2006 C 24.2
2007 C 43.4
2008 C 40.2
2009 C 11.7
2010 C 31.6

4.3.3.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

As can be seen in Table 4.23, CO, emissions for 2006 and 2009 are much lower
compared to surrounding years. For 2006 a minor part of the quick lime needed for
production of calcium carbide were produced at the facility, the remaining part was
bought from external producers. The sharp decrease of the CO, emission in 2009 is
due to that the lime kiln was only operating during the last quarter of the year.
Consequently, most of the quick lime used for calcium carbide production in 2009
was bought from external lime producers.

4.3.3.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

4.3.3.5 SOURCE-SPECIFIC RECALCULATIONS

Revised national statistics regarding import and export of calcium carbide gives
revised CO, emissions for the years 2000, 2001, 2005- 2009. The recalculations
leads to a decrease in CO, emissions less than 1 %o each year.

4.3.3.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.3.4 Other (CRF 2.B.5)

4341 SOURCE CATEGORY DESCRIPTION

This sub-category includes various chemical industries, such as sulphuric acid
production, the pharmaceutical industry, production of base chemicals for plastic
industry, various organic and inorganic chemical productions and other non speci-
fied chemical production, which are not covered elsewhere. Approximately 70
larger industrial facilities are included in the emission estimates. Emissions of CO»,
CH,, N,O, NOy, CO, NMVOC and SO, are reported in this sub-category. It is
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possible though that some emissions of NMVOC reported in CRF 2.B.5 should be
reported in CRF 3C (e.g. pharmaceutical industries), but as it has been difficult to
make the distinction clear between process emissions and solvent use, all NMVOC
emissions from these facilities have been included in CRF 2B5.

Emission time-series for GHG are relatively stable. There is a slight drop in
emissions of GHG in 2009 compared to 2008 e.g. due to lower production of car-
bon black. In addition, CH,-emissions decreased in 1999 due to a much lower pro-
duction at one facility and N,O-emissions increased in 1999 due to the fact that one
facility within ”Pharmaceutical industry” reported higher emissions that year.

The SO, emissions reported in 2B5 decreased dramatically in 2004 in compari-
son to earlier years. This is due to that in December 2004 one facility for produc-
tion of viscose staple fibre was shut down. The yearly SO, emissions from this
facility represented between 8 and 20 % of the totally reported SO, emission in
CRF 2 — Industrial Processes, 1990 - 2003.

CO-emission from "Other inorganic chemical production" increased from be-
low 200 Mg in 2005 to 500 Mg in 2006. This increase is due to unusually high CO
emission in 2006 from one facility producing PVC. In 2007 the CO-emissions were
very low from one facility producing PVC.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.24.

Table 4.24. Summary of source category description, CRF 2.B.5.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2.B.5 | CO; Cs PS Yes
CH,4 CS,D PS,D | Yes
N2O Cs PS Yes

D Default. CS Country Specific. PS Plant-specific.

4342 METHODOLOGICAL ISSUES

The primary information on emissions of CO,, CHy4, N,O, NOx, CO, NMVOC and
SO, is as reported by the companies in their environmental reports. A total of ap-
proximately 70 facilities are included. In the IPCC Guidelines, methods for esti-
mating CH,4 emissions for several chemical products are presented and conse-
guently the CRF Reporter is divided on those products (2.B.5.1-5). Since several
plants in Sweden produce several chemicals products each but report emissions
aggregated by plant, it is not possible to report emissions in accordance with the
suggested split in the CRF Reporter. In Sweden, since submission 2006 the emis-
sions are thus presented allocated to six separate branch categories: sulphuric acid
production, pharmaceutical industry, production of base chemicals for plastic in-
dustry, organic chemical production, inorganic chemical production and other non-
specified chemical production.

In Sweden there is one company producing carbon black. CH, emissions are
included from 1990 and onwards based on production data from the company’s
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environmental reports and IPCC Guidelines default EF (11 g CH4/kg production).
Due to data confidentiality, emissions are included under 2.B.5 (Other inorganic
chemical production).

4.3.43 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

Based on expert judgements, the uncertainties of collected emissions of CO,, CH,
and N,O are as follows: £50%, £100% and +125%, respectively.

The time-series for GHG have been reviewed and are considered to be consis-
tent.

4.3.4.4  SOURCE-SPECIFIC QA/QC AND VERIFICATION

Emissions reported in the plant-specific environmental reports are carefully studied
annually to retrieve the most appropriate data for the GHG inventory.

In addition, emissions in this sub-category were reviewed as part of a quality
control SMED project, financed by the Swedish EPA, during 2010. The project
aimed at increasing the quality and reducing the uncertainties in the most important
air emissions substances from chemicals industries in Sweden®?. Emissions re-
ported in the environmental reports were compared to plant-specific data in the
GHG inventory, significant discrepancies were investigated, and recommendations
were provided on feasible improvements for submission 2011 as well as recom-
mendations on further investigations®.

Overall, the QC-project showed that total reported GHG emissions from the
chemical industries in the Swedish inventory are in coherence with the plant emis-
sion data.

4345 SOURCE-SPECIFIC RECALCULATIONS

e Complete time series of CO, emissions from two facilities producing inor-
ganic chemicals have been added in submission 2012. One of these facili-
ties was contacted to obtain estimated process-related CO, emissions. The
other facility presented a time-series for process-related CO, emissions in
their 2010 environmental report. The added emissions lead to an average
increase of CO, emissions in CRF 2.B.5 of 15% 1990-1999 (8 Gg), 46%
(23 Gg) 2000-2005 and 75% 2006-2009 (40 Gg), see Figure 4.5.

o A complete time series of CH4 emissions from one facility producing PVC
have been estimated. The estimate is based on the facilities own measure-
ments. The added emissions lead to an increase of CH, emissions less than
1% in CRF 2B5.

92 Gustafsson, T., Nystrom, A-K., Gerner, A. Riktad kvalitetskontrollstudie av utslapp fran kemiindustrin
i Sveriges internationella rapporterin. SMED report 2010.
Most recommendations on further investigations refer to the energy sector
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Figure 4.5. Reported CO;, emissions in CRF 5 submission 2011 and submission 2012.

4346 SOURCE-SPECIFIC PLANNED IMPROVEMENTS
Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.4 Metal production (CRF 2.C)

All sub-categories are covered in the estimates, i.e. iron and steel production
(2.C.1), ferroalloy production (2.C.2), aluminium production (2.C.3), SFs used in
magnesium foundries (2.C.4) and other (2.C.5), which consists of estimates for one
large non-ferrous smelter plant and one metal recycling plant.

4.4.1 Iron and steel production (CRF 2.C.1)

4411 SOURCE CATEGORY DESCRIPTION

In Sweden, there are three primary iron and steel facilities and about ten secondary
steel plants equipped with electric arc furnaces. In total, there are approximately 20
different facilities included in the different estimates. Processes occurring besides
the primary processes and secondary steel production are rolling mills, pickling and
other steel-related processes. From submission 2009 and onwards, emissions from
two major iron ore mines and three facilities producing pellets in Sweden are re-
ported in 2C1.3 (reallocated from previous reporting in 2.A.7). Emissions from a
sinter producing facility are also included until 1995, when the production closed
down.

Process emissions arising from reducing agents in the primary steel works and
secondary iron and steel works are reported in CRF 2.C.1. As the plants also gen-
erate emissions from fuel combustion (CRF 1.A.1c and CRF 1.A.2.a) and fugitive
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emissions (CRF 1.B.1.c), the text in this section is closely connected to the text in
the corresponding section in the energy chapter.

In the Swedish inventory, emissions from primary iron and steel production
and secondary steel production are reported separately and fed into the CRF Re-
porter under 2.C.1.2 Pig iron and 2.C.1.1 Steel, respectively. This enables process
emissions from the two integrated iron and steel production plants in Sweden to be
reported together (2.C.1.2 Pig iron), and thus not introducing further sources of
uncertainty due to additional data handling.

The GHG emission trend 1990-2008 is rather stable with some minor inter-
annual variations. However, the economic recession in 2009 had a great effect on
the production volumes of iron and steel in Sweden and thus the emissions 2009
are significantly reduced. In 2010 the emissions are back at the same level as be-
fore 2009.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.25.

Table 4.25. Summary of source category description, CRF 2.C.1.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2C1 | CO, | X X CS, T2 PS Yes
CH4 CS PS No, see Annex 5
N.O NA NA NA

CS Country Specific. T2 Tier 2. PS Plant-specific.

4.4.1.1.1 Secondary steel production, CRF 2.C.1.1

The reported CO, emissions include emissions from reducing agents such as coke,
coal and electrodes in electric arc furnaces in secondary steel plants. These emis-
sions are not primarily a result of combustion, but are necessary for the process and
should hence be reported in CRF 2.C.1.1. Reported CO, emissions also include
emissions from the use of limestone and dolomite in secondary steel industry.

In submissions prior to submission 2010, the reported CO, emissions in CRF
2C1.1 included data from nine plants in 1990-2003 and eight plants from 2004,
since one plant was shut down in 2004. From submission 2010 another two secon-
dary steel industries are included in the reported CO, time series. Also another four
plants with process related NOy and/or NMVOC emissions are included in this
sector. These plants do not produce steel, and hence do not emit CO..

Production and consequently emissions have increased slowly since 1990 due
to higher demand of these products. The high production and emissions level in
1990 compared to 1991 is explained by the fact that one plant closed its production
in 1991.
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4.4.1.1.2 Primary iron and steel production, CRF 2.C.1.2
In Sweden there are three producers of primary iron and steel, i.e. the basis of their
production is iron ore pellets. Two plants produce pig iron and steel as part of their
integrated coke ovens, blast furnaces and steel converters. The primary purpose of
the use of coal and coke in the blast furnace is to secure oxidation and act as reduc-
ing agents, and the associated emissions are thus to be reported as industrial proc-
esses from iron and steel production in CRF 2.C.1, according to the IPCC Guide-
lines and Good Practice Guidance. The third plant produces iron sponge and iron
powder.

4.4.1.1.3 Iron ore mining, dressing, sintering and iron ore pellets
production, CRF 2.C.1.3
Emissions of CO, from the use of limestone and dolomite within the production of
ore based iron pellets are reported in CRF 2.A.3. Estimated emissions from com-
bustion of fuels are included in the Energy sector (CRF 1).

Emissions considered in CRF 2.C.1.3 are CO, from the use of bentonite and
organic binder, SO, from the sulphur content in the ore and NOx emitted as a result
of the use of explosives. The use of mining explosives also causes emissions of
carbon monoxide, CO%.

4.4.1.1.4 CO2 emissions reported in Coke, CRF 2.C.1.4
Emissions of CO, from the production of coke are reported in CRF 1.A.1.c and

emissions of CO, from the use of coke in blast furnaces are reported in CRF
2.C.1.2 in line with the IPCC Guidelines.

4.4.1.1.5 CO2 emissions reported in Other, CRF 2.C.1.5
No emissions of CO, reported in this sector.

4412 METHODOLOGICAL ISSUES

4.4.1.2.1 Secondary steel production, CRF 2.C.1.1

In most cases, data from the Swedish enquiry for the Swedish national allocation
plan (NAP) for the EU ETS could be used for the years 1998-2002. Data for 1990-
1997 and 2003-2004 has been collected directly from the plants. From 2005, the
equivalent data are acquired from the ETS, from the facilities environmental re-
ports and through contacts with the companies.

Data in the ETS includes information concerning carbon bound in products,
slag, etc, but also other sources for process related CO2 emissions. Prior to submis-
sion 2010, these other emissions were not included for all facilities. Estimates of
these missing CO, emissions were performed using ETS data for 2005 — 2008 and
production data for years before 2005. All CO, emissions presented for the facile-
ties in ETS 2005 — 2010 are included in 2C1.1 in submission 2012.

% Wieland, M.S. 2004.
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Reported CO, emissions until year 2008 are for all facilities, except the one
which closed down in 2004, based on data in the ETS. Reported CO, emissions can
therefore be classified to follow the Good Practice Guidance method Tier 2 since,
according to the ETS guidelines; reported emissions shall be based on all carbon
input to and carbon output from the process. For the years from 2009 background
data needed for estimation of process-related CO, emissions for one facility, earlier
included in the ETS, was collected from the facility’s environmental report since
this facility is not included in ETS. For the facility shut down in 2004, plant spe-
cific methods were applied.

For non-CO, emissions, the companies’ environmental reports are the main
source of information. NOx, NMVOC and SO, emissions emitted from electric arc
furnaces are reported in 2C1.1. NOx emissions may also arise from pickling and
NMVOC emissions from rolling mills. These sources are also included in the esti-
mates.

4.4.1.2.2 Primary iron and steel production, CRF 2.C.1.2

4.4.1.2.2.1 Production of iron powder

The emissions of CO, are calculated using the Good Practice Guidance method
Tier 2. Plant-specific data on emissions from carbon-containing input materials
such as coke and anthracite and also specific carbon-contents of output iron and
by-products are used for all years. From 2005, ETS data is used and 1990-2004,
information has been acquired from the plant. The emissions are verified using
national statistics from Statistics Sweden on amounts of coke, anthracite and out-
put material. CO, emissions from natural gas used for production of reduction gas
used in the process are considered to be process-related and thus reported in
2.C.1.2. The remaining amounts of natural gas used by the facility are considered
as energy-related and the corresponding emissions are reported in the Energy sec-
tor (CRF 1.A.2.a). To be consistent with calculations of emissions from production
of pig iron, limestone used in the production is included in the emissions from the
production of iron powder in CRF 2.C.1.2. Activity data reported is produced
amount of direct-reduced iron (iron sponge).

4.4.1.2.2.2 Production of primary pig iron and steel

As a response to recommendations from UNFCCC expert review teams, since
submission 2010, Sweden uses the recommended Tier 2 method according to the
IPCC Guidelines, to base the calculations of CO, emissions on carbon mass-
balances in order to reduce the risk of double counting or omitting CO, emissions.

The carbon contents of external input materials such as coking coal, coke, in-
jection coal, limestone, etc., are balanced against final output materials; coke®, pig
iron®, steel, tar, sludge, slag, etc. The remaining carbon contents are accounted for
as CO, emissions:

% If put in stock or sold externally
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CO, emissions,, . cre 1ands = [Z(Mli *C,)- > (MO, *Cp)}*44/12
i p

where,
MI; = External carbon material input i fed into any part of the integrated processes
().
MO, = Final carbon material output p (t).
Cx«= Carbon content of material input or output x (t C/t material x).

Figure 4.6 gives an overview of the input and output materials, the carbon flows
between the different processes (plant stations), and the CO,-emitting sources.

In the coke ovens (battery), coking coal is turned into coke through dry distilla-
tion. During the process, coke oven gas (COG) and by-products are formed. The
coke oven gas is purified through several procedures and used as fuel in other plant
stations, but smaller amounts are also flared. Produced amounts of coke are fed
into the blast furnace together with injection coal to act as reduction agent when
pig iron is produced from iron ore pellets. Limestone is added to extract slag and
other by-products from the pig iron. Besides pig iron and by-products, blast furnace
gas (BFG) is produced in the process. The main use for the blast furnace gas is to
heat up the cowpers (and in one plant used in the coke oven), but some excess gas
is released through flaring.

In the steelworks, pig iron is transformed into various qualities of steel de-
pending on the demand. Dolomite, pig iron, carbide, etc., are added depending on
the different metallurgic processes. LD-gas is produced in the steel converter and
used as fuel or flared. Some steel is treated in the rolling mills where LPG and
different oils are used as fuel.
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Figure 4.6. Carbon flow chart of integrated primary iron and steel plants in Sweden
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Considerable amounts of energy gases (coke oven gas, blast furnace gas and LD-
gas) from the different processes are collected in a gas holder and sold to external
consumers (mainly in CRF 1.A.1.a electricity and heat production). These amounts
of gases and their associated emissions are allocated to the source category where
they are consumed and thus not accounted for in the iron and steel production. This
is not in accordance with the 1996 Guidelines as they fall under the category
“Auto-producers®®”, but in line with the 2006 IPCC Guidelines®’ where allocation
of emissions from delivered gases is described. Sweden has chosen to follow the
2006 IPCC Guidelines in this case as they are more in line with the emission re-
porting for the annual environmental reports and the EU ETS reporting.

During the whole process from raw material to final product, emissions of CO,
are released. The allocation of both plants total CO, emissions on plant stations and
consequently CRF sub-sector is based on detailed mass-balances (Table 4.26).

Table 4.26. CO, emission allocation 2010 in integrated primary iron and steel production
(excluding external gas distribution).

CRF Plant station CO, emissions 2010 (Gg)

1.Alc Coke Oven 313

1A2.a Combus_,tlon in Rolling Mills + Power and Heat 950
Production

1B.1.c Flare in Coke Oven (COG) 5

Blast Furnace + Steelworks (including Flaring
of BFG and LD-gas)

Total 3614

2.C.1.2 2346

According to the IPCC Guidelines, emissions of CO, from the use of limestone
should be reported separately as process emissions from limestone and dolomite
use in CRF 2.A.3. Since the Centralized review from submission 2004 the ERT has
repeatedly recommended Sweden to follow the guidelines. As the CO, emissions
from limestone and dolomite are small (<1 per cent of the plants total CO, emis-
sions) it is not considered to be good practice to spend resources obtaining underly-
ing data to separate these emissions. Hence Sweden choose to include these CO,
emissions in CRF 2.C.1.2.

Activity data (amount of pig iron produced) on integrated pig iron and steel
production along with CO, emissions and consumed amounts of energy gases
(coke oven gas, blast furnace gas and LD-gas) and other fuels, are reported by the
plants in the environmental reports since 2003. Mass-carbon balances and associ-
ated CO, emissions are also reported to the EU ETS since 2005. For some years,
CO; emissions to the EU ETS did not include all plant stations (rolling mills), and
additional information from the plants was obtained in order to ensure that no
omissions occurred. Since 2008 annual CO, emissions reported by the plants in
their environmental reports are equal to those reported to the EU ETS. For 2003
onwards, information on activity data and emissions for all plants (CRF 1.A.1.c,
1.A.2.a, 1.B.1.cand 2.C.1.2) are taken from the environmental reports. Amounts of

% See IPCC Guidelines: Reporting instructions 1.3
See 2006 IPCC Guidelines: Volume 3: Industrial Processes and Product Use, Box 1.1 (page 1.8)
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pig iron produced 1990-2002 were obtained directly from both plants, together
with total CO, emissions 1990-2002 for one of the plants. For the other plant, CO,
emissions 1990-2002 are calculated using its pig iron production 1990-2002 and an
average CO, IEF 2003-2007. Allocation of CO, emissions on different sub-
categories (CRF 1.A.1.c, 1.A.2.a, 1.B.1.c and 2.C.1.2) are based on the plant spe-
cific average distributions 2003-2007.
Consumed amounts of different energy gases and other fuels 1990-2002 are de-
rived by applying the Good Practice Guidance surrogate method using the average
values 2003-2007 and the CO, emissions as the surrogate parameter. Activity data
reported in CRF Reporter in CRF 2C1.2 is produced amount of primary pig iron.
Emissions of CH,4, N,O, NMVOC and CO are not reported in the plants’ envi-
ronmental reports. In the Swedish inventory these emissions are instead estimated
from consumed amounts (including flared amounts) of energy gases multiplied by
country-specific emission factors (see Appendix 1). Emissions of CH,, NMVOC
and CO from coke oven gas, blast furnace gas and LD-gas in the blast furnace and
steel converter are allocated to CRF 2.C.1.2, whereas emissions of N,O are as-
sumed to be not applicable (NA) in this sub-category, in accordance with the IPCC
Guidelines. Emissions of NOy and SO, are based on detailed plant information
from the environmental reports.

4.4.1.2.3 Iron ore mining, dressing, sintering and iron ore pellets
production, CRF 2.C.1.3

Data on production statistics as well as on SO, emissions have been supplied by the
facilities for the entire time-series. Amounts of bentonite and organic binder used
for the production of iron ore pellets and the corresponding CO, emissions are for
later years collected from the EU ETS. For earlier years the amounts of bentonite
and organic binder were provided by the company and EFs for bentonite and or-
ganic binder from the EU ETS were used for the calculations. No data concerning
the CO emissions is available and the time series is thus reported NE.

4413 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The largest implication on the national total uncertainties from this category stems
from uncertainties in CO, emissions in primary iron and steel production (CRF
2C1.2); based on expert judgement by SMED expertise the estimated uncertainty is
+5%. It should be noted however, that total emissions of CO, from iron and steel
production, including energy related emissions, are likely to deem lower uncer-
tainty estimates.

There is an obvious decrease in CO, IEFs since 1990 (Table 4.27) for primary
pig iron and steel production, from 0.80 Gg CO/kton iron in 1990 to 0.55 Gg
COy/kton pig iron in 2009. This is due to the undertaking of several energy effi-
ciency measures, e.g. increased temperature in the blast furnaces and increased
recycling of energy gases and by-products®, leading to decoupling between CO,
emissions and primary pig iron production in Sweden. Table 4.27 indicates an

98 ENET-Steel, 2007.
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increase of IEF in year 2010 compared to previous years, this is mainly due to
performed repair works of the LD-gas holder at one plant.

The CO, IEF is overall significantly lower than the Tier 1 default emission fac-
tor (1.35 Gg CO,/kton pig iron produced) presented in 2006 IPCC Guidelines Ta-
ble 4.1. This is partly due to that a large share of the energy gases produced at one
of the plants is distributed to other companies (as described above) and thus not
accounted for in iron and steel production. Adding CO, from all the external gas
distribution (though some gas is COG) would lead to an IEF in 2008 of 1.21 Gg
COy/kton pig iron produced and thus considered to be reasonable with regard to the
IPCC Guidelines default.

Table 4.27. CO, implied emission factors (IEF) for primary pig iron production

Year CO; IEF (Gg COa/kt
primary pig iron produced)
1990 0.80
1995 0.78
2000 0.70
2005 0.58
2006 0.57
2007 0.56
2008 0.58
2009 0.55
2010 0.68

4414 SOURCE-SPECIFIC QA/QC AND VERIFICATION

All plants in this category report their emissions in environmental reports. For
plants included in the EU ETS the report data is scrutinized and compared to EU
ETS data. EU ETS data is applied wherever it is judged to be appropriate in line
with the Good Practice Guidance. More information on QC activities related to
EU-ETS is included in Annex 8.1.

For primary iron and steel production, activity data is compared to production
statistics from the Swedish Steel Producers’ Association and only minor differ-
ences are detected for the time-series.

4415 SOURCE-SPECIFIC RECALCULATIONS

2.C.11

CO; emissions from one facility have been corrected for 2008 and 2009. Carbon
bound in product and scrubber sludges are excluded.

2.C.12

In submission 2011, preliminary data on CO, was used for 2009 for one of the
primary pig iron and steel plants. In submission 2012, more accurate data became
available and thus 2009 data was revised. The revision in submission 2012 of 2009
data resulted in an increase of 2.12 Gg CO, compared to submission 2011.
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2.C.13
The time series for CO; has been updated. Now it includes both CO, from the use
of organic binders as well as from the use of bentonite.

4416 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.4.2 Ferroalloy production (CRF 2.C.2)

4421 SOURCE CATEGORY DESCRIPTION

Ferroalloy production is reported for only one facility in Sweden. There is also
ferroalloy production at one more plant, but since the main production at this facil-
ity is iron and steel, the emissions are reported in CRF 2.C.1- Iron and steel pro-
duction. The production of iron silicide has decreased sharply since 2005, and since
2008 there is no production at all. This leads to ending of the emissions of CH,
from 2008. Production of ferrosilicon leads to larger emissions of SO, compared to
production of ferrochromium. From 2005 the production of ferrosilicon has been
much reduced and from 2008 no ferrosilicon is produced. This leads to a distinct
decrease in SO, emissions in later years. The economic recession in 2009 had a
great effect on the production volumes of ferroalloys in Sweden and thus the emis-
sions 2009 are significantly reduced.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.28.

Table 4.28. Summary of source category description, CRF 2.C.2.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2.C.2 | CO, T2 PS Yes
CH4 D D Yes
N.O NA NA NA

D Default. T2 Tier 2. PS Plant-specific.

4422 METHODOLOGICAL ISSUES

CO, emissions within the production of ferroalloys are plant specific (in line with
Tier 2), and are calculated based on the consumed amount of reducing agents (Tier
1a®), i.e. electrodes and coke (and in 2003 coal) and their specific carbon contents.
Input data is also the amount of carbon bound in produced ferroalloys. The com-
mon distribution of carbon in the incoming and outgoing materials is:

% http://www.ipcc-nggip.iges.or.jp/public/gl/guidelin/ch2wb2.pdf
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Coke + Electrodes — Ferroalloys + Emissions + Particles
95% + 5% - 10% + 89.5% + 0.5%

To verify the emissions reported by the plant, emissions are calculated based on
activity data on coal, coke, electrodes and the amount of carbon in produced ferro-
alloys and:

e emission factors and thermal values used for stationary combustion for
coke and coal and information from the company that the electrodes con-
tain 90 % carbon.

e IPCC default factors for coal, coke and electrodes'®.

The used formula is:
CO2 (Mg)= Coke (Mg)x EF x Thermal value+Coal (Mg)x EF x Thermal value

+EIectrode(Mg)xC-contentx% - CO2 in produced ferroalloy (Mg, plant data)

where 44/12 are the molecule weights of CO, and carbon. As can be seen in Table
4.29, there are differences in the plant specific data and emissions based on Swed-
ish default EF and emissions estimated with IPCC Guidelines default values. The
differences are due to the fact that - according to the company - the carbon content
of the coke may vary from one year to another.

The total amount of carbon in the produced ferroalloys is presented in

Table 4.30, and is calculated based on the carbon content in coke, coal, elec-
trodes and dust by the company. The amount of carbon in the produced ferroalloys
varies between 0.1 % and 7 %. This carbon is reported under CRF 1.AD.10 - coke
and coal. CH4 emissions from production of FeSi alloys are reported from submis-
sion 2010 and calculated based on FeSi alloy production (Tier 2'°%)

Data on non-CO, emissions has been obtained directly from the company for
the whole time series. The reported emissions include NOx and SO, from the proc-
ess.

100 IPCC. Revised 1996 Guidelines for National Greenhouse Gas Inventories: Reference Manual, Table

2,12,
101 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Table 4.8
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Table 4.29. Total emissions of CO, based on plant specific data (reported in the CRF),
data based on Swedish EF and thermal values, and based on IPCC Guidelines default
values.

Year Plant specific data, Swedish values, IPCC default values,
Gg CO, Gg CO; Gg CO;
1990 243 244 263
1995 265 274 295
2000 240 266 287
2005 225 214 231
2006 220 209 225
2007 220 188 203
2008 194 164 177
2009 48 48 52
2010 107 96 104

Table 4.30. Total amount of carbon bound in produced ferroalloys.

Year Carbon in ferroalloys, Gg
1990 8.4
1995 8.7
2000 9.5
2005 8.0
2006 8.3
2007 8.4
2008 7.4
2009 1.8
2010 4.0

4.42.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY
Uncertainties in this category have little impact on the estimated national total
emission uncertainty. Emission uncertainties of CO, are judged by SMED exper-
tise to be low at £5% as plant-specific values and Swedish default values give simi-
lar results.

Time-series are considered to be consistent.

4424 SOURCE-SPECIFIC QA/QC AND VERIFICATION

As presented in Table 4.29 verification of CO, emissions reported by the plant is
obtained as calculated Swedish default values give similar results.

4425 SOURCE-SPECIFIC RECALCULATIONS

No source-specific recalculations have been performed. Reported activity data,
which in earlier submissions were represented by used amounts of reducing agents,
are in submission 2012 reported as amounts of carbon in used quantities of reduc-
ing agents.
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4426 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.4.3 Aluminium production (CRF 2.C.3)

443.1 SOURCE CATEGORY DESCRIPTION

There is one facility that produces primary aluminium in Sweden. The facility
consists of two halls. One of the potlines includes 56 closed prebake cells (CWPB),
each of 150 kA. The other plant consisted of 262 cells and, until the beginning of
2008, operated three prebake cells and 259 open cells with S6derberg anodes
(VSS). The Séderberg anodes were produced in an electrode pulp factory at the
facility.

In 2008 a project was started to convert all Soderberg ovens to ovens with pre-
bake cells. By the end of December 2009, 120 of a total of 262 cells had been con-
verted to the prebake technology and the conversion to prebake cells continued
under 2010. All pot-lines operating the Sdderberg technology were shut-down by
December 2008. At the end of 2010 113 converted prebake ovens were in opera-
tion.

The shutdown of Sdderberg owens explains the very large decline in PFC
emissions in 2009 (- 85% compared to 2008) (Figure 4.7). Also the reported CO,
has declined in 2009 relative to previous years. The relatively stable implied emis-
sion factor (

Table 4.32) provides the explanation that the reduced CO, emissions are due to
reduced aluminium production in 2008 and 2009. The cold winter in 2010 resulted
in high power input to the anodes, thus leading to high emissions of PFCs. There
has also been some disruption with power outage as a result. This has had an im-
pact on the operation and, inter alia, resulted in intermittent operation and increased
number of anode effects.

The summary of the latest key category assessment, methods and EF used, and

information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.31.
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Figure 4.7. Time series for CO; and PCF emissions from aluminium production, CRF 2C3.

Table 4.31. Summary of source category description, CRF 2.C.3.

CRF | Gas Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2.C.3 | CO; T2 PS Yes
CHg4 NA NA No, see Annex 5
PFCs X T2 D Yes

D Default. T2 Tier 2. PS Plant-specific.

4432 METHODOLOGICAL ISSUES

Primary aluminium is in Sweden produced in one facility, where the prebaked
process is used. The time series of emissions compiled for primary aluminium
production include emissions of CO,, PFCs, NOx, CO, NMVOC and SO,. Re-
ported production statistics and emissions data are based on information in the
environmental reports or received directly from the company.

Reported emissions of NOx are calculated from production statistics using
emission factors defined by Swedish EPA™®. NMVOC emissions are calculated
from reported emissions of tar, assuming that 70 % of the tar is emitted as
NMVOC®. CO emissions were for the first time reported in submission 2008 and
are for 2002 - 2008 as reported in the company’s environmental reports. For the
period 1990 — 2001, the CO emissions are calculated based on production statistics
and emission factors provided by the company as also for the SO, emissions during
1990 - 2005. For later years SO, emissions data are based on environmental reports
published by the company.

Emission data for CO, from the production of primary aluminium 2002 - 2009 are
derived through measurements and reported directly by the plants, whereas the
emissions for 1990-2001 are calculated based on the mass of coal elements (an-

102 Ahmadzai, H. Swedish EPA. Personal communication. 2000.
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odes) such as electrodes, coke etc. and the amount of carbon that is bound in soot.
The formula used for CO, (Mg) for 1990-2001 is:

Mass anodes (100% C) x % x(1-0.257%)

* Mass CO, bound in soot and rest anodes in 2002

The value for carbon bound in soot and rest anodes (0.257) is based on the reported
value for 2002 and has been about the same also in subsequent years (0.234 —
0.282).

For the years from 2002 and onwards the emissions reported by the plant have
been verified by also collecting data on amount coal elements used and then calcu-
lating the emissions based on the equation above. The results are very comparable.

Due to the fact that the carbon bound in soot is not included in the reported
CO, emissions in 2C3, the IEF (implied emission factor) values in the Swedish
inventory (given as Mg CO,/ Mg Al produced) are lower than the IPCC Guidelines
default emission factors for prebaked and Séderberg (1.8 and 1.5 Gg CO,/Gg pro-
duced Al) (

Table 4.32).
The two different processes for aluminium production, prebaked (CWPB) and
Sdderberg (VSS), have substantially different emission factors for PFCs. Estimates

of emissions are based on the number of ovens and the number and duration of
anode effects. This activity data is considered to be of good quality.

Table 4.32. Implied emission factor for CO, for the production of aluminium.

Year Aluminium production Emissions of CO- IEF
Gg Gg Gg CO,/Gg Al
1990 96 133 1.4
1995 94 129 1.4
2000 101 145 1.4
2005 103 144 1.4
2006 102 142 1.4
2007 100 140 1.4
2008 82 114 1.4
2009 70 98 1.4
2010 96 135 1.4

Activity data used for the PFC emission calculations, anode effects in min/oven
day and production statistics, were provided by the company, and specified for the
prebaked and Soderberg processes. The reported emissions and calculated Implied
Emission Factors are presented in Table 4.33.
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Table 4.33. Activity data, emissions of C;Fg, CF4 and calculated IEF for aluminium produc-
tion.

3G @ Calculated IEF
< < 5 5
) ) B B
s 5 B o o
25 |88 §2 S
5 acgn. a%,— T o T = CWPB kg | VSSkg | CWPB kg | VSS kg
g Z O > |9 L‘S‘ |9 O CzFe/Mg CzFe/Mg CF4/Mg CF4/Mg
1990 | 234 72.9 3.05 53.66 0.0443 0.0276 0.3444 0.6255
1995 | 70 g 71.2 2.29 48.25 0.0106 0.0287 0.0827 0.6510
2000 | 23.0 78.1 1.57 33.58 0.0059 0.0184 0.0460 0.4165
2005 | 236 78.9 1.66 36.93 0.0022 0.0204 0.0171 0.4629
2006 | 236 78.1 1.59 35.21 0.0024 0.0196 0.0188 0.4453
2007 | 23.3 76.5 1.61 35.54 0.0026 0.0202 0.0205 0.4583
2008 | 296 52.0 1.83 31.74 0.0223 0.0226 0.1737 0.5113
2009 | g9.7 0.0 0.56 4.36 0.0080 0.0000 0.0625 0.0000
2010 | g6.1 0.0 2.62 20.36 0.0272 0.0000 0.2118 0.0000

4.43.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

As can be seen in Table 4.33 the IEFs show a downward trend from 1990 to
2007, especially so for CF,. This reflects the company's ongoing work aiming to
reduce the time and frequency of the anode minutes. For 2008 it can be seen that
the IEF for C,F¢ as well as for CF4 from the prebake ovens are higher compared to
2007. According to the company the reason for this is due to initial start up prob-
lems with the new prebake ovens. The IEF for 2009 indicates less start up prob-
lems of new prebake ovens in 20009.

As described earlier (Figure 4.7) is the sharp decline in PFC emissions in 2009
caused by the closure of all S6derberg ovens in 2008.

The reported time series are considered to be consistent.

4.4.3.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

4435 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

4436 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.4.4 SF6 used in aluminium and magnesium foundries (CRF 2.C.4)
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4441 SOURCE CATEGORY DESCRIPTION

In Sweden, four magnesium foundries use SFg as a cover gas. No SFg is used in
aluminium foundries (CRF 2.C.4.1) as far as known, and thus reported as not oc-
curring (NO). The summary of the latest key category assessment, methods and EF
used, and information on completeness, i.e. if any sources are not estimated (NE),
is presented in Table 4.34.

Table 4.34. Summary of source category description, CRF 2.C.4.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2.C.4 | SFe D D Yes
D Default.

4442 METHODOLOGICAL ISSUES

The total amount of SFs used annually in the magnesium foundries (CRF 2.C.4.2)
is reported as emissions, according to the IPCC Guidelines and Good Practice
Guidance. Data is obtained from companies using SF.

4443 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

Estimated uncertainty in SF¢ emissions is judge by SMED to be +40%. Time series
are considered to be consistent.

4444  SOURCE-SPECIFIC QA/QC AND VERIFICATION

In response to questions raised during the 2011 submission review, data for 2009
has been checked with information from the Swedish Chemicals Agency’s Prod-
ucts Register and the data was found to be consistent.

4445 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

4446 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.4.5 Other metal production (CRF 2.C.5)

4451 SOURCE CATEGORY DESCRIPTION

This sub-category includes CO,, NOx and SO, emissions from one large smelter
producing various non-ferrous metals; copper, lead, zinc etc, and from one metal
recycling company mainly producing lead. The summary of the latest key category
assessment, methods and EF used, and information on completeness, i.e. if any
sources are not estimated (NE), is presented in table 4.35.
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Table 4.35. Summary of source category description, CRF 2.C.5.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative

2.C.5 | CO; D PS Yes

D Default. CS Country Specific.

4452 METHODOLOGICAL ISSUES

Emissions of CO, originate from one plant producing copper, lead and zinc, and
one metal recycling plant mainly producing lead by melting used batteries and
recover the lead.

CO, emissions from the smelter are calculated based on the amounts of coke,
coal, limestone, plastics and other raw material used in the production. The com-
pany directly reports these activity as well as carbon content in slag products. The
emissions from coal and coke are calculated based on national thermal values (TV)
and emission factors (EF). IPCC default value is used for CO, emissions from
limestone. The equation used for the smelter is:

CO:2(Mg)=Coke(Mg)x EF x Thermal value + Coal (Mg) x EF x Thermal value

+ Limestone (Mg)x 0.97 x 44.0098 +C in rawmaterial and plastics (Mg)x a4
100.0892 12

- Slag (Mg) x 0.0002 x %

The metal recycling plant emits CO, from the melting of lead batteries composed
of carbon containing plastics (polypropene). The total CO, emissions from the
plant are reported by the company for all years from 1990. For the years 1990 to
2003 the reported total CO, emissions also include energy related emissions. From
2004 the amount of plastics, their carbon content, as well as the CO, emission from
plastics are known. This information for 2004 is used for estimating the process
related CO, part of the total CO, emissions from the plant for the years 1990 until
2003. Also CO, originating from the limestone used is included. For the years 1990
— 2003 the yearly amounts of limestone used are estimated using activity data for
2004.

The reported emissions of SO, originate from the sulphur content in the raw
materials used.

445.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY
Time-series are considered to be consistent.

4454  SOURCE-SPECIFIC QA/QC AND VERIFICATION

Both plants in this category report their emissions in yearly environmental reports.
For the one plant included in the EU-ETS the reported activity data and emissions
are analysed and compared to EU-ETS data. Where EU ETS data is judged to be
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appropriate and in line with the Good Practice Guidance, it is applied. More infor-
mation on QC activities related to EU ETS is included in Annex 8.1.

4455 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

4456 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.5 Other production (CRF 2.D)

Other production covers emissions from the pulp and paper industry (2.D.1) as well
as estimates from the production of food and drink (2.D.2). Emissions of fossil CO,
are not estimated for this sector. According to the IPCC Guidelines Reference
Manual, emissions of fossil CO, from this sector are not likely.

4.5.1 Pulp and paper (CRF 2.D.1)

4511 SOURCE CATEGORY DESCRIPTION

The pulp and paper industry in Sweden is an important source of industrial process
emissions. 42 individual pulp and paper facilities are included in the reported emis-
sions, as well as two manufacturers of cardboard. One of these facilities shut down
during 2008 and during 2009 another two plants closed down their pulp and paper
production. The Kraft process (sulphate) dominates in Sweden but there are also
emissions from four sulphite and 16 CTMP (Chemo Thermo Mechanical Pulp) or
TMP (Thermo Mechanical Pulp) facilities reported in CRF 2.D, 1990 - 2010.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.36.

Table 4.36. Summary of source category description, CRF 2.D.1.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2.D.1 | CO; NA NA NA
CHg4 CS CS Yes
N2O CS CS Yes

CS Country Specific.

4512 METHODOLOGICAL ISSUES

Reported emissions from the pulp and paper industry are primarily based on infor-
mation about production and emissions in the companies’ environmental reports.
The industrial organisation within this sector has, for several years, cooperated
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closely with its members in developing sector-specific methods of measuring and
calculating emissions, which have resulted in high quality emissions data. The
reported emissions of NMVOC do not include therpenes.

The Swedish definition of process emissions includes the combustion of spent
cooking liquor which gives rise to emissions of N,O and CH,. The cooking liquor
contains organic compounds and chemicals and is combusted to recover Na and S,
but also to utilise the energy in the cooking liquor. The recovered Na and S (as
Na,CO; and Na,S) are recycled and used in the process again. In submission 2008
and earlier, due to technical reasons, these emissions were reported in CRF 2.G.
From submission 2008 and onwards, N,O and CH, are reported in 2D1.

The estimated process emissions of CO, from quick lime production within this
industry are allocated in CRF 2.A.2.

45.1.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

Uncertainty in activity data is £5% and uncertainty in emission factors (CH, and
N,O) are £20%.

4514 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

4515 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

4516 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.5.2 Food and drink (CRF 2.D.2)

4521 SOURCE CATEGORY DESCRIPTION

The food and drink industry is a moderate source of NMVOC in Sweden. The
industry consists of beer, wine and liquor producers, bread, sugar, yeast and marga-
rine and solid cooking fat producers, coffee roasters and animal feed producers.
Greenhouse gas emissions have not been estimated due to the lack of available
methodology and data. Emissions of greenhouse gases are however considered to
be insignificant.

The summary of the latest key category assessment, methods and EF used, and

information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.37.
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Table 4.37. Summary of source category description, CRF 2.D.2.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2.D.2 | CO; NA NA No, see Annex 5
CH, NA NA NA
N2O NA NA NA

4522 METHODOLOGICAL ISSUES

Estimates of NMVOC emissions are based on activity data from different official
statistics. For wine the estimation of NMVOC emissions is based on data on sold
amount'® together with figures on import and export'®. NMVOC emissions from
beer production are based on the Swedish annual total production of beer® %,
Note that data for beer for 2010 was not updated in time for the finalization of the
2012 submission, and thus data for 2009 was used. NMVOC emissions originating
from the production of liquors, bread, sugar, yeast, margarine and solid cooking
fat, coffee roasters and animal feeds are all based on statistics available at Statistics
Sweden’s website. For the NMVOC emission estimates, emission factors presented
in Table 4.38 were used. Emissions of CO,are not estimated but are believed to be
minor or of biogenic origin.

18431 Systembolaget. Forsaljningsstatistik. http://www.systembolaget.se/
Statistics Sweden. Data from the Yearbook of Agricultural Statistics 2010 including Food Statistics.
%tg://www.scb.se/
Carlsberg Sweden. http://www.carlsberg.se

Bryggeriforeningen. http://sverigesbryggerier.se
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Table 4.38. NMVOC emission factors for the reported production activities in CRF 2.D.2 -
Food and drink.

Production activity Emission factor  Unit Reference
Wine 0.8 Ifg/lOOO 107
litres
Beer 0.35 kg/1000
. 107
litres
Liquors 0.6 kg/1000 EF based on emission and activity
litres data from one producer, 2001
Bread (sponge dough) 8 kg/Mg 107
Bread (white) 45 kg/Mg o1
Bread (whole meal and light 3 kg/Mg 107
rye)
Bread (dark rye) 0 kg/Mg 107
Cakes 0.1 kg/Mg 107
Biscuits 0.1 kg/Mg o1
Breakfast cereals 0.1 kg/Mg 107
Sugar 10 kg/Mg 107
Yeast 18 kg/Mg 108
Margarine and solid cooking 10 kg/Mg 107
fats
. 107
Coffee roasting 0.55 kg/Mg
Animal feed 0.1 kg/Mg o1

45.2.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY
The time series is consistent.

45.2.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

4525 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

4526 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.6 Production of Halocarbons and SF6
(CRF 2.E)

Production of halocarbons and SF¢ does not occur in Sweden.

ig; EMEP/CORINAIR Emission Inventory Guidebook: http://reports.eea.eu.int/EMEPCORINAIR4/en
Finnish Environment Institute, 2001. Revised Finnish Non Methane Volatile Organic Compound
Emissions- Time series for the years 1998-1999 with Information on the Emissions Sources and Calcu-

lation Methods.
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4.7 Consumption of Halocarbons and SFg
(CRF 2.F)

Use and emissions of halocarbons have increased since 1990, especially in refrig-
eration and air-conditioning equipment, which is the major source of halocarbon
emissions in Sweden in later years. The second largest source in 2010 is foam
blowing (XPS-foam), followed by electrical equipment and aerosols. All remaining
sources are comparatively small emitters of fluorinated greenhouse gases.

All sub-categories are covered in the estimates except solvents (2.F.5), due to
varying and in-consistent information. According to the information available,
solvents are estimated to only contribute a very minor share of the emissions of
halocarbons, but it has not been possible to quantify the amount.

An overview of actual reported emissions in CRF 2F are shown in Table 4.39.

Table 4.39. Overview of submitted actual emissions data, Gg CO- equivalents.

2 8888588 8
CRE Category 2 2 8 & R R &[] R

F1 Refrigeration and air conditioning equipment 5 125 431 671 716 755 783 799 786

F2 Foam blowing NA NA 111 87 74 54 51 40 32
F3  Fire extinguishers NA NA 5 6 6 6 8 6 6
F4  Aerosols/Metered dose inhalers 1 7 22 29 24 26 26 25 27
F5  Solvents NE NE NE NE NE NE NE NE NE
F6  Other use of ODS substitutes NO NO NO NO NO NO NO NO NO
F7  Semiconductor manufacture NA 11 8 NO NO NO NO NO NO
F8  Electrical equipment 81 95 32 28 22 29 28 44 31
F9  Other 2 3 8 14 12 9 8 8 8

In estimating the actual emissions in all subcategories, as far as possible, a national
model has been used, corresponding to the IPCC Tier 2 approach. The basis for the
emission estimates are the annual bulk import and export statistics of fluorinated
greenhouse gases recorded in the Swedish Chemicals Agency’s Products Register.
However, the register does not cover all chemicals already included in products
imported to or exported from Sweden (e.g. air-air heat pumps). In order to make a
complete reporting of fluorinated greenhouse gas emissions and, as far as possible,
to facilitate allocation of emissions onto the IPCC source categories, additional
information from various trade associations and companies are collected annually.
Based on an earlier inventory model on actual emissions of fluorinated greenhouse
gases in Sweden covering the time period 1990-1999'% in 2005, the model was
updated and refined e.g. concerning the calculations from the accumulated bank *°.
The model takes into consideration changes in accumulated amounts each year
resulting from additional amounts of HFC, PFC and SF¢ imported and used within

109 Kindbom, K., Haeger Eugensson, M. and Persson, K. 2001. Kartlaggning och berékning av
ﬁ)(r)entiella och faktiska utslapp HFC, FC och SF6 i Sverige. IVL B-1428.

Kindbom, K. 2005. Revision of Methodology and Estimated Emissions of Fluorinated greenhouse
Gases in Sweden. Report Series SMED Nr 16 2005, www.smed.se
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the country, as well as the decline in accumulated stock caused by exports or emis-
sions from operating systems. In 2011, a SMED study** as carried out to analyze
the model’s flexibility to adapt to the newly introduced international and national
legislations on fluorinated greenhouse gases. In addition, the study aimed at updat-
ing model factors using available information, but also to analyze the accuracy of
the estimates of e.g. emissions from disposal. The study resulted in several recalcu-
lations for the 2012 submission, but also suggestions on future improvements. The
model is described in more details in Annex 3:1.

Due to a recurring one year lag of updating of the data from the Products Reg-
ister from the Swedish Chemicals Agency, data on bulk import and export in 2009
are updated. This results in revised data on actual emission estimates from station-
ary refrigeration and air-conditioning equipment (2.F.1) and from electrical equip-
ment (2.F.8) for 2009 due to the calculation system (as described in Annex 3:1).

4.7.1 Refrigeration and air conditioning equipment (2.F.1)

4.7.1.1 SOURCE CATEGORY DESCRIPTION

Emissions of HFCs and PFCs from heat pumps, stationary air-conditioning, mobile
air-conditioning, refrigeration and freezing equipment are included in this category.
Emissions of SFg from refrigeration and air conditioning equipment are not appli-
cable (NA) in Sweden. The most important source of greenhouse gases to the cate-
gory is emissions of HFC-134a from air- conditioning in cars. It can been seen in
Table 4.39 that emissions of HFCs and PFCs from this source category has in-
creased from 5 Gg CO, equivalents 1990 to 756 Gg CO, equivalents 2010. The use
of HFCs as refrigerants in refrigerators, freezers, heat pumps and air-conditioning
equipment in vehicles (MAC) is the main reason for the large increase in emis-
sions. In 2010, however, the emissions of HFCs are lower compared to 2009,
mainly due to reduced use of HFC-134a in other stationary refrigeration equip-
ment.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.40.

Table 4.40. Summary of source category description, CRF 2.F.1.

CRF | Gas Key Category Assessment Method | EF All sources
2010 estimated
Level | Trend | Qualitative
2F.1 | HFCs | X X CS, T2 CS,D Yes
PFCs CS CS,D Yes
SFe NA NA NA

D Default. CS Country Specific. T2 Tier 2.

11 Gustafsson, T. 2011. Fluorinated Greenhouse Gases in Sweden. Review of Methodology and
Estimated Emissions Reported to the UNFCCC and the EU monitoring Mechanism. SMED report 2011.
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4.7.1.2 METHODOLOGICAL ISSUES

Input data for the calculation of actual emissions consists of information from vari-
ous sources; the Swedish Chemicals Agency, equipment producers and importers.
Table 4.41 presents values for chemical charge, lifetime and emission factors for
the applications used in the Swedish inventory. They are based on information
from the equipment producers and IPCC default values. In the recent SMED
study™?, based on contacts with the Swedish road vehicles manufacturers, several
factors were modified for MAC for 2010 onwards to be more in line with the pre-
sent status of the Swedish road vehicle fleet.

Table 4.41. Typical values on equipment lifetimes, amounts of chemical per unit and
emission factors for different applications of HFCs or PFCs used in calculations of actual
emissions in Sweden. Intervals given indicate changes between 1990 and the last inven-
tory year used in the calculations.

()
(o)) = 0 p
® = g s c %
5 T 3 " c w S w2 S = n®
= g 2 % |z_o/68 |55 |gc 68
3] £ S £ Sox|lg& ik S _ g2
= 5 2 = o222 L £ g0
5 = £ ® c < o
g z 3 = |g55|6€ §¢ |&859&=
Household fridges and freez- |HFCs 20 0.1 2% 1% 90% |5%
ers
Heat pumps HFCs 20-15|5-1 1% 10-1% [90% |5%
Other refrigeration and air HFCs 15 * 35 7-3.6% |90% |5%
conditioning equipment PFC-218
Refrigerated transport HFCs 10 1056 |4.5% 30-7% |90% |15%
Mobile air-conditioning, lorries |HFCs 6 1.2 1%-0.5% |15-10% |90% |15%
Mobile air-conditioning, cars |HFCs 11 0.8-0.7 |1%-0.5% |15-7.5%|90% |15%
Mobile air-conditioning, buses [HFCs 12 7 1% -0.5% |10% 90% |15%

* Top-down calculations

** | ifetime means the average expected lifetime of a product, not the designed technical lifetime
from its first commissioning.

The information on refrigerant-related imported amounts of fluorinated gases from
the Swedish Chemicals Agency’s Products Register is compared to calculations
made in the model, based on assumptions and information from other sources.
Since not all sources are possible to trace separately in the inventory, the amounts
imported to the country according to the products register is larger than calculated
from the individual sources covered in the model. In order to account for the total
volumes of refrigerant-related fluorinated substances, the amount of imported
chemical to Sweden, derived from the Products Register, is assumed to be the cor-
rect data. From these data, the amounts of chemicals already accounted for in other
applications, treated separately in the calculations, are subtracted. The resulting
remainder of all refrigerant-related HFCs and PFCs from the Products Register is
allocated as input data in the sub source "other stationary refrigeration”. The

112 Gustafsson, T. 2011. Fluorinated Greenhouse Gases in Sweden. Review of Methodology and
Estimated Emissions Reported to the UNFCCC and the EU monitoring Mechanism. SMED report 2011.
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chemicals concerned are HFC-23, HFC-32, HFC-125, HFC-134a, HFC-143a,
HFC-152a and PFC-218 (C5Fg). In addition, it was discovered in the recent SMED
study that imported air-air heat pumps were prefilled with the refrigerant (R410A),
and thus not included in the bulk import statistics from the Swedish Chemicals
Agency.

Due to that data are derived from source-independent national statistics in the
Product Register, as well as from some end users, it is currently impossible to cor-
rectly fill in the CRF background data table asking for domestic, commercial and
industrial applications. Consequently, industrial refrigeration as well as stationary
air-conditioning have been reported as included elsewhere (IE) and the emissions
are included in commercial refrigeration in CRF table 2(11) F.

4.7.1.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The largest contribution to the total national emission uncertainty from this cate-
gory stem from HFCs from mobile air conditioner and other refrigeration. Based
on SMED expert judgement AD and EF uncertainty are £10% and +40% for mo-
bile air conditioner, and £25% and £50% for other refrigeration.

Data in the category is of varying quality, but generally considered, by expert
judgment, to be of medium quality and is usually better for the later years than for
the earlier years of the inventory. The time-series are calculated using the same
methodology for all years and are thus considered to be consistent.

4714 SOURCE-SPECIFIC QA/QC AND VERIFICATION

Estimates have been checked with trade associations KYS (Kylbranschens Samar-
betsstiftelse) and SVEP (Svenska Varmepumpfdreningen) and with experts at the
Swedish EPA™2. The information on refrigerant-related imported amounts of
fluorinated gases from the Products Register is compared to calculations made in
the model, based on assumptions and information from other sources.

As HFCs from mobile air-conditioning in cars is the most influential sub-
source in the category, its underlying factors are compared to IPCC default values
and differences are analysed (Table 4.42). The values for car air-conditioner life-
time, charge and annual leakage were chosen based on information in IPCC Guide-
lines and Good Practice Guidance. The values for EF for production, remaining at
decommissioning and share recovered are attained from the Swedish car manufac-
ture Volvo and in cooperation with experts at the Swedish EPA.

13 Swedish EPA . Ujfalusi, Bernekorn , and Bjorsell. Personal communication.
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Table 4.42. Comparison of IPCC default factors and Swedish factors for MAC in cars.

Parameter 1996 IPCC/ Swedish factors Comment
update GPG
Lifetime (y) 12/12 11 OK
Charge (kg) 0.8 0.8 OK
Annual leakage 10-30/10-20 15-10 OK
(%lyear)
EFproduction (%) 4-5/0.5 1-0.5 OK
Remaining at de- 75/40 90 High; We assume that
commissioning (%) there is continuous

maintenance and
refilling of the equip-
ment

Share recovered (%) 0/0 85 OK according to ex-
perts at Swedish EPA

4.7.1.5 SOURCE-SPECIFIC RECALCULATIONS

General: Due to a recurring one year lag in the updating of the data from the Prod-
ucts Register from the Swedish Chemicals Agency, data on bulk import and export
in 2009 were updated. It mainly affected emissions of HFC-134a and HFC-152 in
commercial refrigeration and in total, emissions was reduced about 10 Gg CO,
equivalents.

2.11A.F.1.2 Commercial Refrigeration:

¢ New information on heat pumps was collected in the recent SMED study
enabling the model to deduct the proper amounts of chemicals for heat
pumps from the overall bulk import statistics, and thus reallocate some
amounts of chemicals to/from other stationary refrigeration. It resulted in
minor changes of HFCs emissions all years of about £1-5 Gg CO, equiva-
lents.

¢ In addition, some errors in the calculations were corrected. Previously ex-
ported chemicals were erroneously included in the bulk import statistics
2005-2009. The correction resulted in reduced emissions of 5-10 Gg CO,
equivalents.

2.11A.F.1.6 Mobile Air-Conditioning:

In the previous submission, emissions of HFC-134a from non-refill containers
were calculated for 1998-2009. As non-refill containers of HFC-134a have not
been used in Sweden since 2006 due to new legislations recalculations have been
performed for 2007-2009. This recalculation resulted in reduced emissions of
HFC-134a of 11-32 Gg CO; equivalents.

4716 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.
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4.7.2 Foam blowing (2.F.2)

4.7.2.1 SOURCE CATEGORY DESCRIPTION

This category consists of HFCs emissions from production and use of XPS foam in
Sweden. Emissions of PFCs and SF¢ from foam blowing are reported as not appli-
cable (NA). Emissions of HFCs peaked in year 2000 and has since decreased due
to reduced leakage during manufacturing, according to data from the manufacturer.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.43.

Table 4.43. Summary of source category description, CRF 2.F.2.

CRF | Gas Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2.F.2 | HFCs CS PS Yes
PFCs NA NA NA
SFe NA NA NA

CS Country Specific. PS Plant-specific.

4.7.2.2 METHODOLOGICAL ISSUES

Data is obtained from the producer on the used amount of HFC-134a and HFC-
152a, emissions at production as well as the exported amount of chemicals in prod-
ucts each year. The use of HFCs in this application started in 1996. The company
has also provided algorithms to calculate leakage of HFC-134a and HFC-152a
during the product lifetime (Table 4.44).

Table 4.44. Typical values on equipment lifetimes, amounts of chemical per unit and
emission factors for different applications of HFCs used in calculations of actual emis-
sions in Sweden.
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Foam blowing (XPS) HFCs >12 |* 35% Declining |* <76%***

* Top-down calculations

** | ifetime means the average expected lifetime of a product, not the designed technical lifetime
from its first commissioning.

*** Based on remaining HFC in products at disposal after 12 years. 2008 is the first year for
emissions at disposal in Sweden.

$ Calculated according to a declining curve, different for HFC-134a and HFC-152a.

The basis for the calculation is the amount of HFC-134a and HFC-152a that is
introduced into products used in Sweden, and subsequently leached from the prod-

214



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2012

ucts. Beside annual losses from products over time, the reported Swedish emissions
in the CRF tables contain emissions from manufacturing.

More detailed information on the methodological issues for foam blowing is
presented in Annex 3:4.

4.7.2.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The quality of activity data, such as amount of chemical used in applications, is
usually better for the later years than for the earlier years of the inventory. Data
from the manufacturers is considered to be complete and cover all sources of HFC
emissions in Sweden. The time series are calculated using the same methodology
for all years and are thus consistent.

4.7.2.4  SOURCE-SPECIFIC QA/QC AND VERIFICATION

The current calculation method provided by the company, used for reporting of
emissions, has been compared to the Tier 2 method given in the Good Practice
Guidance, see Annex 3:4.

4725 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

4.7.2.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.7.3 Fire extinguishers (2.F.3)

4.73.1 SOURCE CATEGORY DESCRIPTION

HFC may be used as extinguishing medium in fixed fire extinguishing systems. In
Sweden, emissions of HFCs from fire extinguishers are reported since 1997. Emis-
sions of PFCs and SF¢ for the category are not applicable (NA).

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.45.

Table 4.45. Summary of source category description, CRF 2F3.

CRF | Gas Key Category Assessment 2010 | Method EF All sources
Level | Trend | Qualitative estimated
2F3 | HFCs CS CS Yes
PFCs NA NA NA
SFs NA NA NA

CS Country Specific.
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4.7.3.2 METHODOLOGICAL ISSUES

All imports of HFCs to be installed in fire extinguishers are registered at the Swed-
ish Chemicals Agency. From 2001, the use of HFC-227ea in fire extinguishers has
been introduced in Sweden. Data has been obtained from the companies supplying
such systems (Table 4.46).

Table 4.46. Typical values on equipment lifetimes, amounts of chemical per unit and
emission factors for different applications of HFCs used in calculations of actual emis-
sions in Sweden.
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Fire extinguishing HFCs 30 |* 0.5% 2%/ 0.1%*** |95% |1%

* Top-down calculations

** | ifetime means the average expected lifetime of a product, not the designed technical lifetime
from its first commissioning.

*** HEC-227ea 0.1 %, other HFCs 2 %.

4.7.3.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

Uncertainties are mainly associated with the exported amounts, which are rela-
tively large.

The time series are calculated using the same methodology for all years and are
thus consistent.

4.7.3.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

4.7.3.5 SOURCE-SPECIFIC RECALCULATIONS

In the previous submission, emissions of HFC-227ea were erroneously reported as
not applicable (NA) 2009. In this submission, about 0.1 Gg CO, equivalents were
reported. In addition, emissions of HFC-134a and HFC-125 2005 were corrected
due to new information on imported amounts of chemicals. It resulted in minor
reduction of emissions (about 0.04 Gg CO, equivalents).

4.73.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.7.4 Aerosols/metered dose inhalers (2.F.4)
4741 SOURCE CATEGORY DESCRIPTION

HFC may be used as propellant gas in aerosols, but also as the actual product e.g.
in cleaning sprays. In asthma medication inhalers, HFC-134a (norflurane) is some-
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times used as propellant gas. Emissions of PFCs and SF¢ for the category are not
applicable (NA).

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.47.

Table 4.47. Summary of source category description, CRF 2.F.4.

CRF | Gas Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2.F.4 | HFCs CS, T2 D Yes
PFCs NA NA NA
SFe NA NA NA

D Default. CS Country Specific. T2 Tier 2.

4742 METHODOLOGICAL ISSUES

Emission estimates cover technical aerosols as well as metered dose inhalers. The
estimates consist of emissions from production of technical aerosols at one facility,
and emissions from the use of imported technical aerosols and metered dose inhal-
ers containing HFCs. The contribution from metered dose inhalers is relatively
small, but has increased in later years.

The aerosol manufacturer provided information on the used amount of HFC-
134a as well as emissions from production, and exported amounts of HFC-134a in
products. Table 4.48 present the assumptions on product lifetime, emissions at
manufacturing and disposal as well as remaining HFC in product at disposal.

For metered dose inhalers, statistics on the numbers of sold inhalers was re-
ceived from the Swedish retailer for medical products, Apoteket. Information con-
cerning the content of HFC in the inhalers was provided by the Swedish Medical
Products Agency.

Table 4.48. Typical values on equipment lifetimes, amounts of chemical per unit and
emission factors for different applications of HFCs used in calculations of actual emis-
sions in Sweden.

Application

Amount installed
year during use

Lifetime**
/unit, kg
manufacturing
Emissions per
Remained in
nnsal

at disposal

< Fluorinated

o substances

£ Emissions at
B product at dis-

(@]
5 [Emissions

3
S

Aerosols/ MDI

N

*
a1
o

% 5

o

* Top-down calculations

** | ifetime means the average expected lifetime of a product, not the designed technical lifetime
from its first commissioning.
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4.7.4.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The largest uncertainty in this source concerns the amount of HFC-134a imported
in technical aerosols for which there are no statistics available. In 2000, a survey
was sent to approximately 10 importers of technical aerosol products. The majority
of the importers responded to the survey, and provided estimates on the amount of
HFC imported each year in technical aerosols. In 2004 an update on estimated
import was made for the whole time series, in cooperation with the Swedish Aero-
sol Association (Svenska Aerosolforeningen). The information from this survey
was used to update the time series up to year 2003 at that time. The activity data
also includes estimates of e.g. Novelty aerosols.

The quality of activity data, such as figures of estimated emissions or amount
of fluid used in different applications, is usually better for the later years than for
the earlier years of the inventory. The time series are calculated using the same
methodology for all years and are thus consistent.

4.74.4  SOURCE-SPECIFIC QA/QC AND VERIFICATION

Data and information from the Products Register, hosted by the Swedish Chemicals
Agency, could not be used directly for validation and reporting purposes due to
confidentiality.

4.74.5 SOURCE-SPECIFIC RECALCULATIONS

Emissions of HFC-134a have been recalculated for 2007 and 2008 due to new
information from the Swedish retailer for medical products, Apoteket, on medica-
tion inhalers containing norflurane. Emissions increased by about 0.5 Gg CO,
equivalents.

4746  SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.7.5 Solvents (2.F.5)

Efforts have been made to find national information concerning this sub-category
but it has so far not been possible to establish what amounts may be used. A few
users were contacted and they provided information that their use of solvents con-
taining PFCs is very limited or non-existent. The company that was said to sell the
solvent in Sweden denied doing so. Emissions from solvents are consequently
reported as NO, not occurring.

4.7.6 Other applications using ODS substitutes (2.F.6)
No other applications are covered in the Swedish inventory.

4.7.7 Semiconductor manufacture (2.F.7)
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4.7.7.1 SOURCE CATEGORY DESCRIPTION

HFC, PFC and SF; are used in the semiconductor manufacturing process. Semi-
conductor manufacture has in recent years occurred on a commercial scale at only
one facility in Sweden. Previously one more facility was located in Sweden, but
production was moved abroad. During 2004 the production in the only facility left
was also closed down.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.49.

Table 4.49. Summary of source category description, CRF 2.F.7.

CRF | Gas Key Category Assessment 2010 Method EF All sources
Level | Trend | Qualitative estimated
2.F.7 | HFCs T1 D Yes
PFCs T1 D Yes
SFe T1 D Yes

D Default. T1 Tier 1.

4.7.7.2 METHODOLOGICAL ISSUES

Information concerning the annually used amounts of various fluorinated sub-
stances has been provided by the company, and as far as possible been compared to
information from the Products Register at the Swedish Chemicals Agency. Emis-
sions are calculated by using the Good Practice Guidance Tier 1 method (top-down
calculations) using an average expected lifetime of 1 year.

4.7.7.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

Emission estimates are judged to be of good quality. The quality of activity data is
usually better for the later years than for the earlier years of the inventory. The time
series are calculated using the same methodology for all years and are thus consis-
tent.

4.7.7.4  SOURCE-SPECIFIC QA/QC AND VERIFICATION

Cross-references with the Products Register at the Swedish Chemicals Agency
could not be made for later years, since the level of detail in the Products Register
was insufficient.

4775 SOURCE-SPECIFIC RECALCULATIONS
No source-specific recalculations have been performed.

4776  SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.
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4.7.8 Electrical equipment (2.F.8)

4.78.1 SOURCE CATEGORY DESCRIPTION

In Sweden, emissions of SF4 from electrical equipment consist of two different
parts, emissions from the production of gas-insulated switchgear (GIS), and emis-
sions from SFg installed in distribution systems. Emissions of HFCs and PFCs are
not applicable (NA) for this category.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-

sented in Table 4.50.

Table 4.50. Summary of source category description, CRF 2.F.8.

CRF | Gas Key Category Assessment 2010 | Method EF All sources
Level | Trend | Qualitative estimated
2F8 HFCs NA NA NA
PFCs NA NA NA
SFe CS, D CS, PS Yes

D Default. CS Country Specific. PS Plant-specific.

4.78.2 METHODOLOGICAL ISSUES

The larger part of annual SF¢ emissions in earlier years originated from the manu-
facture of GIS (Table 4.52), where emissions in 1995 and 1997 peak due to a leak-
ing valve in 1995 and to rebuilding and accidental leakages in 1997. The SF¢ emis-
sions from production have decreased in later years due to measures taken at the
production facility. These estimates, obtained from industry, are of medium to high
quality, with better quality in later years. For the early 1990s, assumptions on the
emitted amounts of SF¢ from GIS manufacture were made in cooperation with
industry. Industry has also provided information concerning the used amount of
SF; for GIS manufacture (Table 4.51), as well as the share of products that are
exported from the country, which exceeds 90 % of the production.

Table 4.51. Typical values on equipment lifetimes, amounts of chemical per unit and
emission factors for different applications of SF, used in calculations of actual emis-
sions in Sweden. Intervals given indicate changes between 1990 and the last inventory
year used in the calculations.

Application

Fluorinated
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IAmount installed
unit, kg

product at dis-

posal
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X

* Top-down calculations

** | ifetime means the average expected lifetime of a product, not the designed technical lifetime
from its first commissioning.

# Estimated lifetime at least 30 years, NE.
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Emissions from installed amounts of SF for insulation purposes in operating sys-
tems have previously contributed less to the actual annual emissions. In 2001-2002,
a questionnaire was sent out to power companies from the trade association Swe-
denergy*** (Svensk Energi) asking for the installed amounts of SF in operating
equipment, and the replaced amounts of SF¢ during service. The results showed an
installed accumulated amount of approximately 80 Mg and an annual leakage rate
of 0.6 % (equals the amount replaced from the questionnaire) and these were used
as input data in the inventory. For later years, data on replaced amounts of SF in
operating systems results in a calculated annual leakage rate of 0.5 % (Swedenergy
and power distribution companies).

Table 4.52. Calculated emissions and accumulated stock of SF¢ for electrical equipment.

Year Emissions from GIS  Annual losses SFs Accumulated stock Total emissions

manufacture SFe Mg Mg SFs

Mg Mg

1990 3.0 0.4 65.7 3.4
1995 35 05 76.0 4.0
2000 0.7 0.6 107.9 13
2005 0.5 0.7 143.0 1.2
2006 0.2 0.7 148.7 0.9
2007 0.4 0.8 162.9 12
2008 0.3 0.9 173.4 12
2009 0.9 0.9 185.2 1.8
2010 0.3 1.0 202.6 13

In accordance with the methodology described for deriving amounts of refrigerant
chemicals not accounted for, the same procedure was adopted for SFe. When com-
paring the amounts of SF¢ accounted for in various applications with data from the
Products Register, a rather large annual volume of SF4 remains unallocated (about
15-21 per cent). Sources of SF¢ emissions that are covered in the calculations are
the use in semi-conductor manufacture, in production of sound-proof windows, in
magnesium foundries, in the production of gas-insulated switchgear and as insula-
tion in electrical equipment. Information from the Products Register did not indi-
cate that any areas of use have not been covered and are missing from the calcula-
tions.

For all sources, except as insulation in electrical equipment, the levels of an-
nual SFe consumption is comparatively easy to estimate with some confidence
since there are few end-users. It was thus concluded that the amounts of SFg not
already accounted for elsewhere, most reasonably should be allocated to the elec-
trical equipment source. However, even though information concerning SF in
electrical equipment is more difficult to judge concerning completeness, indica-
tions from end-users are that the difference between imported amounts according
to the Products Register and those already accounted for in the calculations seem
too large to annually be consumed for electrical insulation. One explanation to the

114 Swedenergy. Matz Tapper. Personal communication. 2005.
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difference could be that there is an underreporting of exported SF¢ from the Prod-
ucts Register, where no export at all of SFs is registered.

As the question of the remaining amount of SF¢ at present could not be unam-
biguously solved, the unaccounted SFs from the Products Register was allocated to
be used as electrical insulation (accumulated stock).

4.7.8.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The quality of activity data is usually better for the later years than for the earlier
years of the inventory. The time series are calculated using the same methodology
for all years and are thus consistent.

4.7.8.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

478,55 SOURCE-SPECIFIC RECALCULATIONS

Due to updated information from the Swedish producer of gas-insulated switch-
gear, a minor recalculation of SF¢ emissions 2009 were carried out (emissions were
reduced about 2 Gg CO; equivalents).

4.78.6 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.7.9 Other (2.F.9)

4.79.1 SOURCE CATEGORY DESCRIPTION

The estimated emissions from the use of SFg in jogging shoes and in sound-proof
windows are reported in CRF 2.F.9. No production of SF¢-containing shoes occurs
in Sweden.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is pre-
sented in Table 4.53.

Table 4.53. Summary of source category description, CRF 2.F.9.

CRF | Gas Key Category Assessment Method EF All sources
2010 estimated
Level Trend Qualitative
2.F.9 | HFCs NA NA NA
PFCs NA NA NA
SFe CS CS,D,PS | Yes

D Default. CS Country Specific. PS Plant-specific.

4.79.2 METHODOLOGICAL ISSUES

For jogging shoes, a more or less rough estimate has been made. It has not been
possible to obtain any national data, so a Norwegian estimate was scaled to the
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Swedish population.**> According to the results from a study performed in early
2004'® a phasing out of SF and replacement with PFC-218 was started in 2003.
The lifetime for shoes is set to 8 years in the national model (Table 4.54).

Manufacturers of windows have provided data on the amount of SF¢ used in the
manufacture of barrier gas windows. The manufacturers have also provided esti-
mates of the share of SFe emitted in production (Table 4.54). These estimates vary
considerably between manufacturers, from 5-50 %. The reason for the increase in
emissions in later years is the lifetime and the associated time lag for emissions
originating from disposal. Calculating a weighted average of the emission factor at
production results in a national figure in the order of 30 %, which is in line with the
point estimate of 33 % given in the Good Practice Guidance.

Table 4.54. Typical values on equipment lifetimes, amounts of chemical per unit and
emission factors for different applications of PFCs or SFe, used in calculations of actual
emissions in Sweden. Intervals given indicate changes between 1990 and the last inven-
tory year used in the calculations.
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Sound proof windows SFe 30 | 5-50%" |1% # NA
Jogging shoes SFe 8 * NA NA 100% |25%
PFC-218

* Top-down calculations

** | ifetime means the average expected lifetime of a product, not the designed technical lifetime
from its first commissioning.

# Estimated lifetime at least 30 years, NE.
## Different emissions at different production units.

4.79.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The quality of activity data is usually better for the later years than for the earlier
years of the inventory. The time series are calculated using the same methodology
for all years and are thus consistent.

4.7.9.4 SOURCE-SPECIFIC QA/QC AND VERIFICATION
No source-specific QA/QC or verification is performed.

4.79.5 SOURCE-SPECIFIC RECALCULATIONS

In the previous submission, actual emissions of PFCs from stocks of jogging shoes
were reported as not estimated (NE) 2003-2009. Under the assumption that the
emissions only occur during disposal of the jogging shoes (see Table 4.54), in
submission 2012 the correct notation key not applicable (NA) has been applied.

32 Weholt, @. 1999. Materialstramsanalyse av SF6. Beregning av potensielt og faktisk utslipp over tid
Kindbom, K. and Sk&rman, T. 2004. Nya scenarier for fluorerade vaxthusgaser. U952, Swedish
EPA.
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4.79.6  SOURCE-SPECIFIC PLANNED IMPROVEMENTS

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

4.8 Consumption of Halocarbons and SF¢ Po-
tential Emissions (CRF 2.F.P)

4.8.1 Potential emissions

Data on bulk imports and exports are obtained from the Products Register hosted
by the Swedish Chemicals Agency, which did not register these substances until
1995. Estimates of potential emissions for imports and exports were, however,
made for all years in the time series, 1990-2004 in a special study in 2005'*". The
method of estimating potential emissions for the following years was made accord-
ingly.

Due to the recurring one year lag of updating of the data from the Products
Register from the Swedish Chemicals Agency, data on bulk import and export in
2009 are updated. This results in revised data on potential emissions for 2009.

4.9 Other, CRF 2G

Not applicable for Sweden.

el Kindbom, K. 2005. Revision of Methodology and Estimated Emissions of Fluorinated grennhouse
Gases in Sweden. Report Series SMED Nr 16 2005.
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5 Solvent and other product use
(CRF sector 3)

5.1 Overview of sector

This chapter describes emissions from solvents and other product use. Use of sol-
vents and products containing solvents result in emissions of non-methane volatile
organic compounds (NMVOC), which is regarded as an indirect greenhouse gas as
it over a period of time will oxidise to CO, when emitted to the atmosphere.

Estimates reported in this sector include emissions from paint application (CRF
3A), degreasing and dry-cleaning (CRF 3.B), chemical products, manufacture and
processing (CRF 3C) and other solvent use (CRF 3.D.5). Other use of N,O (CRF
3D4) includes evaporative emissions of N,O arising from other types of product
use. This includes N,O emissions from anaesthesia and aerosol cans.

Emissions of total greenhouse gases from the solvent and other product use
sector (CRF 3) have decreased by 6 % from 332 Gg CO, equivalents in 1990 to
311 Gg CO, equivalents in 2010 (see Figure 5.1). The decline can largely be ex-
plained by a reduction in the use of solvents in CRF 3A (paint application) due to a
shift to water-based paints, which contain a smaller fraction of solvents compared
to solvent-based paints.
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Figure 5.1. Total emissions of all greenhouse gases calculated as CO; equivalents from CRF 3
Solvent and Other product use.

CO; emissions in CRF 3A (paint application) have decreased by 67 % from 94 Gg

CO; equivalents in 1990 to 31 Gg CO, equivalents in 2010 (Figure 5.2). The larg-
est source of CO, emissions from solvents in CRF sector 3 is CRF 3D (other). CO;
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emissions in CRF 3D have increased by 23 % from 138 Gg CO, equivalents in
1990 to 170 Gg CO, equivalents in 2010.

CRF 3D (other) also consists of N,O emissions from CRF 3D4 (other use of
N,O). The use of N,O has increased with 20% from 90 Gg CO, equivalents in 1990
to 109 Gg CO; equivalents in 2010.
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Figure 5.2. Total emissions of all greenhouse gases calculated as CO, equivalents from the
different Solvent and Other product use sub-sectors. 3A - Paint application. 3B - Degreasing and
dry-cleaning. 3C - Chemical products, manufacture and processing. 3D - Other.

Table 5.1 shows the impact of recalculations reported in submission 2012 for GHG
emissions by sector and sub-sectors for 1990, 1995, 2000 and 2005-2009. Detailed
descriptions of the recalculations are found under sector specific sections below.

Table 5.1. Impact of recalculations of GHG emissions submission 2012 in the Solvent and
Other product use sector.

Impact of recalculations submission 2012 (Gg CO; eq.)

CRF 3A 3B 3c 3D Total % CRF
CRF3 3

1990 NA NA NA NA NA NA
1995 NA NA NA NA NA NA
2000 NA NA NA NA NA NA
2005 0 NA NA 0 0 0.0%
2006 0 NA 0 0 0 0.1%
2007 -3 0 0 14 11 3.8%
2008 -2 0 0 18 16 5.3%
2009 -5 0 0 21 16 5.3%

0: value less than 0.5 Gg. NA: no recalculation is performed.

The model used for estimating the CO, and NMVOC emissions reported in sector
3 is described in detail in Annex 3.3.
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5.2 Paint application (CRF 3.A)

5.2.1 Source category description
Includes paints sold for “industrial use” and for “consumer and other professional

E3]

use .

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), are pre-
sented in Table 5.2.

Table 5.2. Summary of source category description, CRF 3A.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level | Trend Qualitative

3.A | CO, CSs CS Yes

CS Country Specific.

5.2.2 Methodological issues

All activity data from 1995 has been obtained from the Products register at the
Swedish Chemicals Agency. Emissions from 1988 are taken from a time series that
was compiled in a special study concerning NMVOC emissions, carried out by
SMED in 20028, The emissions for 1990-1994 have been interpolated based on
the information from the late 1980°s and known data for 1995.

5.2.3 Uncertainties and time-series consistency

The reported time series are considered to be consistent, except for last year (2010)
where data for previous year (2009) has been reported. This procedure has been
raised by the ERT several times. The reason of procedure is due to the fact that
activity data from the Product Register is not official at the time data is needed to
be able to perform the calculations and report in a timely manner.

5.2.4 Source-specific QA/QC and verification
No source-specific QA/QC or verification is performed.

5.2.5 Source-specific recalculations

Due to the recurring one year lag of updating of the data from the Product Register
from the Swedish Chemicals Agency and the use of moving average for compiling
the NMVOC and CO; time series in subsector 3A, the reported emissions for 2007
- 2009 were updated in submission 2012. A minor correction has been performed
in the calculation model for emission year 2006 and consequently the reported
emissions for 2004 - 2006 have been recalculated (Table 5.1).

118 Kindbom, K., Bostrém, C-A., Sk&rman, T., Gustafsson, T. and Talonpoika, M. 2003. Estimated
Emissions of NMVOC in Sweden 1988-2001.
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5.2.6 Source-specific planned improvements

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

5.3 Degreasing and Dry cleaning (CRF 3.B)

5.3.1 Source category description

Includes solvents sold to the laundry and dry cleaning industry. Degreasing is in-
cluded in CRF 3D.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), are pre-

sented in Table 5.3.

Table 5.3. Summary of source category description, CRF 3B.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level | Trend Qualitative

3.B CO; CS CSs Yes

CS Country Specific.

5.3.2 Methodological issues

All activity data from 1995 has been obtained from the Products Register at the
Swedish Chemicals Agency. Emission data for 1988 is based on reported quantities
of tetrachloroethylene from the Swedish Chemicals Agency. After 1995 also other
substances for degreasing and dry cleaning are included. Of the total amount of
NMVOC used within CRF 3B these “non tetrachloretylene” substances contribute
approximately 30%. As not only tetrachloroethylene is included in the time series
after 1995, the NMVOC emissions reported 1988 is recalculated using a correction
factor based on the proportion of other NMVOCs of the total NMVOC for 1995
(tetrachloroethylene plus 30 %). Emissions between 1990 and 1994 have been
interpolated based on the information from the late 1980°s and known data for
1995. The solvents used within CRF 3B includes a lower carbon share compared to
the solvents used in the other sub-codes within CRF 3.

5.3.3 Uncertainties and time-series consistency

The reported time series are considered to be consistent, except for last year (2010)
where data for previous year (2009) has been reported. This procedure has been
raised by the ERT several times. The reason of procedure is due to the fact that
activity data from the Product Register is not official at the time data is needed to
be able to perform the calculations and report in a timely manner.

5.3.4 Source-specific QA/QC and verification
No source-specific QA/QC or verification is performed.
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5.3.5 Source-specific recalculations

Due to the recurring one year lag of updating of the data from the Product Register
from the Swedish Chemicals Agency and the use of moving average for compiling
the NMVOC and CO; time series in subsector 3B, the reported emissions for 2007
- 2009 are updated in submission 2012 (Table 5.1).

5.3.6 Source-specific planned improvements

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

5.4 Chemical products, Manufacture and
Processing (CRF 3.C)

5.4.1 Source category description
Includes solvents sold for car manufacturing, paint industry and rubber industry.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), are pre-

sented in Table 5.4.

Table 5.4. Summary of source category description, CRF 3C.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level | Trend Qualitative

3.C CO; Cs Cs Yes

CS Country Specific.

5.4.2 Methodological issues

The category includes emissions from car manufacturing, paint industry and from
rubber industry. Emissions from car manufacturing contribute by approximately
50%, paint industry by 30 % and rubber industry by 20 % of the reported emissions
in CRF 3C. Emission data for car manufacturing has been compiled from environ-
mental reports for 1990 and data for 1991-1994 has been interpolated. For paint
industry emission data for 1990-1994 has been taken from the old time series given
in a special study concerning NMVOC emissions, carried out by SMED in 20028,
Emission data for the rubber industry is known for 1988 and data for 1990-1994
have been interpolated based on the information from the late 1980°s and known
data for 1995.

5.4.3 Uncertainties and time-series consistency

The reported time series are considered to be consistent, except for last year (2010)
where data for previous year (2009) has been reported. This procedure has been
raised by the ERT several times. The reason of procedure is due to the fact that
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activity data from the Product Register is not official at the time data is needed to
be able to perform the calculations and report in a timely manner.

5.4.4 Source-specific QA/QC and verification
No source-specific QA/QC or verification is performed.

5.4.5 Source-specific recalculations

Due to the recurring one year lag of updating of the data from the Product Register
from the Swedish Chemicals Agency and the use of moving average for compiling
the NMVOC and CO; time series in subsector 3C, the reported emissions for 2007
- 2009 were updated in submission 2012. New activity data has been obtained from
the Swedish Chemicals Agency for emission year 2008 concerning rubber industry
and consequently emissions for 2006-2008 have been recalculated (Table 5.1).

5.4.6 Source-specific planned improvements

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.

5.5 Other (CRF 3.D)

5.5.1 Source category description

All data concerning solvents, NMVOC and CO,, are reported in CRF 3D5. CRF
3D5 includes solvents sold to the printing industry, for preservation of wood, to
leather industry and to textile industry. The code also includes solvents used by
other industries not reported separately, and solvents for domestic use. In CRF 3D4
sold amounts and use of N,O are reported. Due to confidentiality, data for 3D1 -
Use of N,O for Anaesthesia and 3D3 — N,O from Aerosol cans cannot be reported
separately.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), are pre-

sented in Table 5.5.

Table 5.5. Summary of source category description, CRF 3D.

CRF | Gas | Key Category Assessment Method EF All sources
2010 estimated
Level | Trend Qualitative

3.D | CO; Cs Cs Yes

3.D N2O Cs Cs Yes

CS Country Specific.

5.5.2 Methodological issues

Solvents used in printing industry, for preservation of wood, in leather industry and
in textile industry have been estimated separately. The code also includes solvents
used by other industries not reported separately, and also solvents for domestic use.
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The printing industry contributes by 8 %, preservation of wood 1 %, leather and
textile industry < 1 % and general solvent use 90 % of the total reported emissions
in CRF 3D. Emission data for 1988 is known for most industries included in CRF
3D and in most cases the emissions for 1990-1994 have been interpolated based on
information from the late 1980°s and known data for 1995.

There are two companies in Sweden selling N,O in gas cylinders. Information on
sold amounts was obtained from one of the companies (1990 - 1991) and from the
Products Register at the Swedish Chemicals Agency (1992 - 2008). The time series
of use of N,O in Sweden are reported in Other use of N,O (3D4) since no back-
ground data is available to separate between the source categories Use of N,O for
Anaesthesia (3D1) and N,O from Aerosol cans (3D3). Consequently CRF codes
3D1 and 3D3 are both reported as IE. Activity data for the latest year, 2009, is not
yet official and hence Sweden has chosen to report data from 2008 also for 2009.
Data for 2009 will be updated in the next submission.

5.5.3 Uncertainties and time-series consistency

The reported time series are considered to be consistent, except for last year (2010)
where data for previous year (2009) has been reported. This procedure has been
raised by the ERT several times. The reason of procedure is due to the fact that
activity data from the Product Register is not official at the time data is needed to
be able to perform the calculations and report in a timely manner. The emissions
for the printing industry have increased in later years due to introduction of two
new solvent products.

5.5.4 Source-specific QA/QC and verification
No source-specific QA/QC or verification is performed.

5.5.5 Source-specific recalculations

Due to the recurring one year lag of updating the data from the Product Register
from the Swedish Chemicals Agency, the reported emissions of N,O in CRF 3D4
for 2009 is updated in submission 2012.

Due to the recurring one year lag of updating of the data from the Product Register
from the Swedish Chemicals Agency and the use of moving average for compiling
the NMVOC and CO, time series in subsector 3D5, the reported emissions for
2007 - 2009 are updated in submission 2012 (Table 5.1). Minor corrections have
been performed in the calculation model for CRF 3D5 Other, other non-specified
use of solvents, for emission year 2004, 2005, 2008. The corrections affect the
reported emissions from year 2002 - 2008. For printing industry new activity data
has been obtained from the Swedish Chemicals Agency for emission year 2008 and
consequently emissions for 2006 - 2008 have been recalculated.

5.5.6 Source-specific planned improvements

Category-specific improvements will be decided after the finalization of the sub-
mission as part of the national QA/QC plan.
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6 Agriculture (CRF sector 4)

6.1 Overview of sector

In sector four only emissions of nitrous oxide (N,O) and methane (CH,) are re-
ported. Carbon dioxide emissions from agriculture are reported under other sectors.
Carbon dioxide from working vehicles are reported in the energy sector and carbon
dioxide from liming of agricultural land are reported in the LULUCF sector. Swe-
den’s inventory includes emissions from enteric fermentation, manure management
and agricultural soils. Rice cultivation, burning of savannas or burning of agricul-
tural residues does not occur in Sweden. The agriculture in Sweden has undergone
radical structural changes and rationalisations over the past 50 years. One fifth of
the Swedish arable land cultivated in the 1950s is no longer farmed. Closures have
mainly affected small holdings and those remaining are growing larger. Livestock
farmers predominately engage in milk production and the main crops grown in
Sweden are grain and fodder crops.** The decrease of agricultural land area has
continued since Sweden joined the European Union in 1995 and the acreages of
land for hay and silage has increased. Organic farming has increased from 3 % of
the arable land area in 1995 to 16 % in 2009.'%°

The total greenhouse gas (GHG) emissions from sector four have decreased by
13 % since 1990, from 9,065 Gg CO, equivalents to 7,873 Gg CO, equivalents
(Figure 6.1). In Figure 6.2 the largest emissions in this sector are nitrous oxide
from nitrogen circulation in agricultural land (CRF 4D).
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Figure 6.1. Total emissions of all greenhouse gases calculated as CO; equivalents from
CRF 4 Agriculture.

119 Ministry of the Environment, 2001.
Swedish Board of Agriculture, www.jordbruksverket.se., http://miljomal.nu
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Figure 6.2 Total emissions of all greenhouse gases calculated as CO; equivalents from the
different agricultural sub-sectors. There are no emissions from 4.C or 4.E-G.

Table 6.1 shows the impact of recalculations reported in submission 2012 for GHG
emissions by sector and sub-sectors for 1990, 1995, 2000 and 2005-2009. The
recalculations are mainly due to revised MCF for liquid manure and updated data
for average nitrogen leaching from agricultural soils. More detailed descriptions of
the recalculations are found under sector specific sections below.

Table 6.1. Impact of recalculations of GHG emissions submission 2012 in the agricultural
sector.

Impact of recalculations submission 2012 (Gg CO; eq.)

CRF | 4A| 4B| 4pD1[4D2|4D3]4D4| TotalCRF4| %CRF4
1990 12 -111 10 7 -90 0 -172 -1.9%
1995 12 -153 -15 7 223 0 -372 -4.1%
2000 12 -145 22 7 -0 0 -238 -2.8%
2005 15 -163 -30 9 -180 0 -348 -4.1%
2006 18 -156 45 11 -195  -13 -379 -4.5%
2007 21 -160 -45 9 175 -1 -351 -4.2%
2008 24 -152 35 11 -153 16 -290 -3.5%
2009 27 -158 35 12 226 42 -422 -5.2%

0: value less than 0.5.

Livestock is the main contributor to greenhouse gas emissions from agriculture. In
Table 6.2 all the livestock subgroups used in the calculations are presented. Mink
and foxes are minor contributors to greenhouse gas emissions and are not included
in the inventory due to a lack of well-founded emission factors.
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Table 6.2. Livestock subgroups used in the calculations.

Categories
according to
IPCC Guidelines

Sub-categories
Enteric Fermen-
tation

Sub-categories
Methane from
manure man-

Sub-categories
N20O from ma-
nure manage-

Sub-categories
N20O from grazing
animals

agement ment
Dairy Cattle (**) Dairy cows Dairy cows Dairy cows Dairy cows
Non-Dairy Cattle | Beef cows Beef cows Beef cows Beef cows

)

Other cattle

Growing animals
(12-24 months)

Growing animals
(12-24 months)

Growing animals
(12-24 months)

Calves > 6 Calves > 6 Calves > 6
months months months(*)
Calves < 6 Calves < 6 Calves <6
months months months(*)
Swine Swine Sows Sows NO
Boars Boars
Pigs for meat Pigs for meat
production production
Piglets Piglets
Sheep Sheep Sheep Sheep Sheep
Goats Goats Goats Goats Goats
Horses (***) Horses Horses Horses Horses
Poultry Poultry Poultry Laying hens (**) NO
Chickens (**)
Slaughter Chick-
ens (****)
Other (*****) Reindeer NO NO Reindeer

(*) The age distribution of calves is accomplished by using standard values.

(**) Farm Register. (***) Statistics Sweden. (****) Swedish Poultry Meat Association. (*****)
Sametinget (The Sami Parliament of Sweden).

The Farm Register provides the main basis for agricultural statistics in Sweden.
The Register is administered by the Swedish Board of Agriculture and Statistics

Sweden and provides annual information on the total number of animals of differ-
ent categories on Swedish farms*?*. The information on livestock refers to the
situation prevailing in mid-June of that year and thus is considered to be equivalent
to a one-year average. Most of the information on livestock numbers comes from
the Farm Register, but the distribution of calves (older and younger than 6 months
respectively) is model-assisted: 60 % are assumed to be younger than 6 months and
the rest are assumed to be over 6 months old.

Concerning horses, the Farm Register gives an underestimation of the number of
horses because only horses on farms are included. I.e. not horses for leisure activi-
ties. However, a separate survey'?? estimated total number of horses in Sweden in
2010 and 2004, these estimates are used in the calculations instead. The number of
slaughter chickens (mean number of chickens kept during the year) is provided by
the 