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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 is also a
submission under the Kyoto Protocol.

This is an updated version of Sweden’s National Inventory Report (NIR) for the
year 2008. It contains national greenhouse gas emission inventories for the period
1990 to 2006, 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 Green-
house Gas Inventories. 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 Sustainable
Development, by the Swedish Environmental Protection Agency.

Eva Smith
Director-General in charge at the Swedish Environmental Protection Agency
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Sammanfattning

(Swedish Summary)

Denna rapport ér en revidering av Sveriges ursprungliga NIR 2008. Revideringen
har foranletts av en felrdkning av hela tidsserien 1990-2006 i sektorn Markanvand-
ning, Fordndrad markanvindning ochSkogsbruk (LULUCF). Darfor har hela data-
setet for LULUCF-sektorn uppdaterats i CRF och i relevanta textavnitt i denna
rapport. De eventuella foljdverkningar detta har fatt for helheten har korrigerats pa
relevanta stéllen i denna rapport. Jimfort med den ursprungliga NIR 2008 har énd-
ringar gjorts i foljande textavsnitt: S2, S3, ES2, ES3, 1, 1.3.2,2.1,2.3.8,7,7.1,7.2,
7.3.2.2,7.3.2.3,7.3.3.1,7.3.3.3,7.3.3.5,74.1.2,74.23,7424,742.4.1,
7.424.3,75.1.2,7.5.1.3,7.5.2,7.6.3 och 10.3. Tabell S1, S2, ES1, ES2, 1.4, 7.1,
7.2,79,7.10,7.11,7.13,7.14, 7.15, 10.1 och figur 2.2, 2.18, 7.1 har ocksa juste-
rats.

S 1. Bakgrund

Vixthusgaser har alltid funnits i atmosfaren, men pa grund av ménsklig aktivitet
har koncentrationen av ménga av dem okat, vilket intensifierar vixthuseffekten.
1988 bildades Intergovernmental Panel on Climate Change (IPCC) och tvé ar sena-
re konstaterade de att antropogen klimatpaverkan utgjorde ett globalt hot och efter-
fragade en internationell 6verenskommelse for att hantera problemet. FN:s general-
forsamling inledde forhandlingar om en ramkonvention kring klimatférandringar
(UNFCCC), vilken tradde i kraft 1994. Dess langsiktiga mal &r att stabilisera hal-
terna av vixthusgaser i atmosféren pa en niva som forhindrar skadliga antropogena
klimatforandringar frén att dga rum. Det viktigaste tilldgget till konventionen for-
handlades fram i Kyoto, Japan, 1997. Kyotoprotokollet innebér bindande atagan-
den gillande utslappsméngder for Annex I-landerna, vilket innebér att dessa lan-
ders utslépp av vixthusgaser under dren 2008-2012 i medeltal ska vara minst 5 %
lagre &n under basaret 1990.

Enligt Artikel 4 och 12 i UNFCCC maéste medlemsstaterna arligen rapportera sina
utslépp fran killor och upptag i sénkor for alla vaxthusgaser som inte omfat-
tas/kontrolleras av Montrealprotokollet. Rapporteringen ska innefatta utsléppssiff-
ror i ett speciellt format (CRF) och en nationell inventeringsrapport (NIR).

Denna rapport utgoér Sveriges NIR 2008. Rapporten omfattar utslapp till luft av de
direkta viaxthusgaserna CO,, CHy4, N,O, HFC, PFC, SF; och de indirekta vaxthus-
gaserna NOyx, CO, NMVOC och SO,. Rapporten innehéller information om Sveri-
ges inventering av viaxthusgaser for alla ar fran 1990 till 2006, inklusive beskriv-
ningar av metoder, datakéllor, osékerheter, den kvalitetssikring och kvalitetsstyr-
ning (QA/QC) som gors och en trendanalys.
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De elektroniska data, sdsom emissioner, aktivitetsdata, virmevéarden och emis-
sionsfaktorer som UNFCCC efterfragar i CRF-tabeller, finns i en separat bilaga till
denna rapport.

S 2. Sammanfattning av nationella utslapp
och upptag samt trender

Totala utsldppet av véxthusgaser i Sverige, uttryckt i koldioxidekvivalenter, var
65,75 miljoner ton ar 2006 (Tabell S 1), vilket &r en minskning med 1,15 miljoner
ton jaimf{ort med 2005. Utslédppen har minskat med ca 8,7 %, eller ca 6,3 miljoner
ton, mellan 1990 och 2006. Sedan 1999 har de totala utsldppen av vixthusgaser
legat pé lagre niva dn 1990.

Nettoupptaget for sektorn Markanvéndning, Férdndrad markanvéndning och
Skogsbruk (LULUCF) uppgick till ca 26 miljoner ton koldioxidekvivalenter 2006.
Sénkans storlek har varierat under perioden 1990-2006, men trenden pekar mot en
nagot minskande sénka. (Tabell S 1).

Utslappen av koldioxid var 51,5 miljoner ton &r 2006 och var 8,5 % légre 2006
jamfort med 1990 (Tabell S 1). Energisektorn, inklusive transporter, stér for strax
over 90 % av de totala koldioxidutslappen och dr dirmed den storsta kéllan till
koldioxidutslépp i1 Sverige. Koldioxid star for ca 78 % av de totala utsldppen av
vaxthusgaser.

Metanutsléapp kommer framfor allt frén jordbruk och avfallsdeponier och var ca 5,5
miljoner ton 2006 rdknat som koldioxidekvivalenter (Tabell S 1). Sedan 1990 har
utsldppen av metan minskat med ca 18 %, vilket frimst beror pa atgérder inom
avfallssektorn.

2006 var totala utslédppen av lustgas néstan 7,5 miljoner ton rdknat som koldioxid-
ekvivalenter (Tabell S 1), vilket d4r en minskning med ca 12 % jimfort med 1990.
Utslépp av lustgas kommer huvudsakligen frén jordbruk, men ocksa fran energi-
produktion, hantering av avloppsvatten och industriprocesser. Jordbrukssektorn
star for den storsta delen av minskningen.

Totala utsldppen av fluorerade gaser (PFCs, HFCs och SFs) 2006 var ca 1,2 miljo-
ner ton uttryckt i koldioxidekvivalenter (Tabell S 1). Detta innebdr en kning av
utsldppen av fluorerade gaser med 141 % jamfort med 1990. Okningen beror
frimst pé att ozonforstéorande dmnen ersatts av HFC.

12
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Tabell S 1 Utslapp av vaxthusgaser amnesvis (Gg CO; ekvivalenter)

UTSLAPP AV VAXTHUSGASER 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
CO; ekvivalenter (Gg)

CO; incl. netto CO, fran LULUCF 24167 23565 26060 27793 33638 32520 31642 22590 21222 20219 17735 21916 20780 22660 23059 23308 25801
CO; excl. netto CO; fran LULUCF 56 301 56972 56769 56247 58913 58043 61554 56983 57496 54645 53416 54 160 55297 56297 55189 52555 51515
CHg incl. CH, fran LULUCF 6721 6707 6794 6842 6765 6678 6643 6589 6415 6267 6084 6063 5891 5731 5744 5608 5521
CHg excl. CH, fran LULUCF 6719 6706 6792 6841 6764 6677 6641 6580 6415 6264 6081 6060 5886 5725 5739 5603 5509
N20 incl. N2O fran LULUCF 8614 8478 8410 8531 8609 8447 8578 8501 8506 8072 7964 7843 7787 7732 7735 7650 7660
N20 excl. N2O fran LULUCF 8535 8417 8357 8476 8552 8383 8514 8436 8440 8002 7890 7768 7713 7652 7644 7547 7546
HFCs 4 8 10 30 73 126 205 313 386 489 564 611 664 709 769 795 823
PFCs 377 380 252 291 312 343 303 280 272 291 241 236 261 258 254 257 245
SFs 107 109 108 97 100 127 108 153 99 102 94 111 104 69 81 142 111
Totalt (incl. LULUCF) 39990 39247 41635 43584 49497 48242 47480 38426 36900 35441 32681 36781 35486 37160 37643 37760 40162
Totalt (excl. LULUCF) 72043 72591 72289 71981 74713 73700 77326 72745 73108 69793 68284 68947 69925 70709 69676 66900 65749

Tabell S 2 Utslapp av vaxthusgaser sektorsvis (Gg CO; ekvivalenter)

KALLOR TILL OCH SANKOR 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
AV VAXTHUSGASER CO; equivalent (Gg)

Energi 53398 54250 54248 53740 56211 55238 59011 54485 54938 52259 50793 51322 52594 53497 52340 49478 48737
Industriprocesser 5792 5687 5383 5455 5752 5906 5816 5719 5858 5662 5846 6009 5920 6030 6094 6410 6151

Anvandning av l6sningsmedel och andra 332 320 326 315 293 309 312 321 318 299 278 269 276 292 312 303 303
produkter

Jordbruk 9407 9168 9172 9420 9525 9322 9278 9350 9181 8874 8763 8785 8721 8586 8636 8555 8504

Markanvandning, forandrad markanvand- -32 053 -33 344 -30 655 -28 397 -25217 -25458 -29 846 -34 319 -36 208 -34 352 -35603 -32 167 -34 439 -33 550 -32 033 -29 139 -25 587
ning och skogsbruk

Avfall 3113 3166 3159 3050 2932 2926 2909 2870 2813 2700 2605 2563 2414 2304 2294 2152 2054
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S 3. Oversikt dver utslappsberakningar och
trender sektorsvis

De metoder som anvénts for att berdkna utslapp och upptag Gverensstimmer med
‘Revised IPCC 1996 Guidelines for National Greenhouse Gas Inventories’ och
‘IPCC Good Practice Guidance and Uncertainty Management in National Greenhou-
se Gas Inventories’. Inventeringen och rapporten ar framtagen i enlighet med ’Re-
porting Guidelines’, som beslutades av UNFCCC under den attonde sammankoms-
ten 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 aktivi-
tetsdata och/eller utsldppsdata presenteras i Tabell S 3. Utslédppen dr hdmtade direkt
fran dessa datakéllor eller berdknade baserat pé aktivitetsdata.

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

CRF Sektor Primar kalla till aktivitetdata/utsléappsdata
1 Energi Statistiska undersdkningar av energiférbrukning
-Stationar forbranning Statistiska undersokningar av energiférbrukning
-Transport Transportmyndigheter
2 Industriprocesser Miljérapporter
Statistiska undersdkningar av energiférbrukning
Direktkontakt med foretag
EU:s utslappshandelssystem
3 Lésningsmedel och annan Nationella data fran Produktregistret pa Kemikalie-
Produktanvandning inspektionen
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 av véxthusgaser fran energisektorn inklusive transporter var ca 48,7 mil-
joner ton i koldioxidekvivalenter 2006 (Tabell S 2), vilket dr 74 % av de totala ut-
slappen. Utsldppen av viaxthusgaser fran transporter visar en stigande trend, medan
utslapp fran individuell uppvarmning av byggnader minskar. Detta innebér att ener-
gisektorn inklusive transporter har minskat sina utslépp med 8,7 % ar 2006 jamfort
med 1990.

Utslépp fran industriprocesser kommer framfor allt fran produktionen av jirn och
stal samt mineralindustrin. Koldioxidutslappen dominerar med ca 72 %, f6ljt av
fluorerade gaser med 19 % och lustgas med 9 %. De totala utslédppen fran industri-
processer var omkring 6,2 miljoner ton koldioxidekvivalenter ar 2006 (Tabell S 2),
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vilket motsvarar ca 9,4 % av totala utslédppen. Sedan 1990 har totala utsldppen i den-
na sektor varierat, vilket framfor allt beror pa att produktionsvolymerna varierar med
ekonomiska cykeln. 2006 var utslédppen 6 % hogre dn 1990.

Anviandningen av Lésningsmedel och andra produkter ger huvudsakligen upphov till
utsldpp av flyktiga organiska dmnen, lustgas och en del koldioxid. 2006 var utslap-
pen av koldioxid och lustgas 0,3 miljoner ton uttryckt i koldioxidekvivalenter (Ta-
bell S 2), vilket &r 0,5 % av de totala véxthusgasutslédppen. Jaimfort med 1990 har
utsldppen i denna sektor minskat med 8,8 %. Ungefar 28 % av koldioxidutslédppen
kommer fran anvindningen av farg, &ven om dessa utsldpp har minskat p.g.a. en
overgéng till vattenbaserade farger.

Jordbruk &r den storsta kéllan till utslapp av metan och lustgas. 2006 var de totala
utsldppen fran jordbrukssektorn 8,5 miljoner ton uttryckt i koldioxidekvivalenter
(Tabell S 2), vilket &r en minskning med 9,6 % jadmfort med 1990. Utslédpp av metan
kommer framfor allt fran boskapens matsmaéltningsprocesser och fran deras av{oring.
Den viktigaste anledningen till de minskade utsldppen dr en minskad boskapshall-
ning. Lustgas kommer framfor allt fran omvandling av kvéve i jorden, vilken paver-
kas av anviandningen av gddsel och handelsgddsel och odlingen av kvidvefixerande
vaxter.

Nettoupptaget for sektorn markanvandning, forandrad markanviandning och skogs-
bruk uppgick till 26 miljoner ton koldioxidekvivalenter ar 2006 (Tabell S 2). Sén-
kans storlek har varierat under perioden 1990-2006, men trenden pekar mot en nagot
minskande sdnka, framforallt som en f6jd av 6kande avverkningsnivaer.

Deponier av fast avfall &r den nést storsta killan till utslapp av metan. 2006 var de
totala utslédppen fran avfallssektorn knappt 2,1 miljoner ton (Tabell S 2) koldioxid-
ekvivalenter, vilket motsvarar 3,1 % av de totala utsldppen. Detta dr en minskning pa
34 % jamfort med 1990. Utvinning av deponigas, deponiférbud och deponiskatter ar
huvudorsakerna till utsléppsminskningen.

S 4. Oversikt av utslappsberakningar och

trender for indirekta vaxthusgaser och SO,
Utslapp av flyktiga organiska &mnen (NMVOC) var 0,2 miljoner ton 2006 (Tabell S
4), vilket dr en minskning med 48 % jamfort med 1990. De huvudsakliga orsakerna
till utslapp av NMVOC ir vagtrafik och vedeldning inom bostadssektorn. Icke-
obligatoriska miljostandarder for nya installationer av vedeldningspannor och mins-
kade utsldpp fran produkter innehallande 16sningsmedel har bidragit till minskningen
av utslapp.
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Tabell S 4 Utslapp av indirekta vaxthusgaser och SO, (Gg)

GAS 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

NOx 314 316 307 287 296 280 271 261 253 242 220 209 204 198 188 181 175

CO 974 993 967 925 930 908 881 831 766 742 710 673 660 651 616 608 578
NMVOC 373 327 312 287 280 268 261 250 238 229 220 208 206 207 203 200 195
SO, 108 104 97 86 83 71 69 62 59 48 46 44 45 45 41 40 39

Utsldppen av kvéaveoxider (NO,) var 0,2 miljoner ton 2006 (Tabell S 4), vilket &r en
minskning med 36 % jamfort med 1990. De storsta kéllorna till utsléapp av kvéveoxi-
der ar végtrafik, arbetsmaskiner, sjofart och el- och varmeproduktion. I titorter &r
végtrafiken den storsta killan till kviveoxidutsldpp, men inforandet av katalysatorer
i bilar och den péféljande successivt mer skérpta avgasstandarden har bidragit till en
generell minskning av kvaveoxidnivéer i titbebyggda omrdden. Den 6kande an-
véndningen av fjarrvirme och NOx-avgiften i borjan pa 1990-talet har ocksé resulte-
rat i stora minskningar av kvaveoxidutsldpp fran energisektorn.

Utslappen av kolmonoxid (CO) har minskat fran knappt 1 miljon ton 1990 till
knappt 0,6 miljoner ton 2006 (Tabell S 4), en reducering pé ca 38 %. Utsldppen
kommer till 97 % fran Energisektorn.

Utsléppen av svaveldioxid (SO,)har minskat frén 0,1 miljoner ton 1990 till 0,04
miljoner ton 2006 (Tabell S 4), en reducering pd 63 %. Minskningen beror framfor
allt pa en Overgéng fran brinslen med hog svavelhalt till 1gsvavelhaltiga brinslen,
bade for vagtrafik och uppvarmning. Svavelskatt, som inférdes 1991, spelar en stor
roll for utvecklingen. Svaveldioxidutsldpp kommer framst fran energiproduktion,
transporter och industriprocesser.
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Executive Summary

This report is an updated version of the original Swedish NIR submission 2008. The
reason for the updating was a calculation error identified in the whole time-series
1990-2006 of the LULUCEF sector. The whole data set for the LULUCF sector has
been updated in the CRF-tables and the in relevant text in this report. All affected
totals have also been changed. The changes have been made to the following sec-
tions in the updated NIR: S2, S3, ES2, ES3, 1, 1.3.2,2.1,2.3.8,7,7.1,7.2,7.3.2.2,
7.3.2.3,7.3.3.1,7.3.3.3,7.3.3.5,74.1.2,74.23,742.4,7424.1,74243,75.1.2,
7.5.1.3,7.5.2,7.6.3 och 10.3. Table S1, S2, ES1, ES2, 1.4,7.1,7.2,7.9,7.10, 7.11,
7.13,7.14,7.15, 10.1 and figure 2.2, 2.18, 7.1 were also updated..

ES 1. Background Information

Greenhouse gases have always been present in the atmosphere, but now concentra-
tions 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 es-
tablished in 1988 and two years later they came up with the conclusion that anthro-
pogenic 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 frame-
work 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 impor-
tant addition to the convention was negotiated in 1997 in Kyoto, Japan. The Kyoto
protocol involves binding obligations for the Annex I countries to decrease their
emissions of greenhouse gases 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 2008 for anthropogenic emissions of direct
greenhouse gases CO,, CH4, N,O, HFC, PFC, SF¢ and indirect greenhouse gases
NOx, CO, NMVOC and SO,. The report contains information on Sweden’s invento-
ries of greenhouse gases for all years from 1990 to 2006, 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, thermal values and emission factors in

the Common Reporting Format (CRF) spreadsheet files requested by the UNFCCC
are provided in a separate annex to this report.
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ES 2. Summary of National Emissions and
Removal Related Trends

Total greenhouse gas emissions in Sweden, expressed in carbon dioxide equivalents,
were 65.75 million tonnes for 2006 (Table ES 1), which is a decrease of 1.15 million
tonnes compared to 2005. Emissions have fallen by about 8.7 % or approximately
6.3 million tonnes between 1990 and 2006. Aggregated emissions varied over the
period but in all cases were below the 1990 level during the period 1999-2006.

The net removals by sinks for the land use, land use change and forestry (LULUCF)
amounted to approximately 26 million tonnes carbon dioxide equivalents in
2006.(Table ES 1). The size of the sink varied over the period 1990-2006, but the
trend points towards a somewhat decreasing sink due to gradually increasing annual
fellings.

Emissions of CO, were around 51.5 million tonnes in 2006 and were 8.5 % lower in
2006 than in 1990 (Table ES 1). With just over 90 % of total carbon dioxide emis-
sions, the energy sector, including transport, is the largest source of carbon dioxide
emissions in Sweden. Carbon dioxide's share of the total emissions is approximately
78 %.

Emissions of methane mainly come from agriculture and landfill sites, and were
approximately 5.5 million tonnes, calculated in CO,-equivalent, in 2006 (Table ES
1). Since 1990, emissions have decreased about 18 %, primarily due to measures
implemented in the waste sector.

In 2006, total emissions of nitrous oxide were around 7.5 million tonnes, calculated
in CO,-equivalent (Table ES 1), a reduction of 12 % compared to 1990. Emissions
mainly come from agriculture, but also from energy production, wastewater handling
and industrial processes. The main reduction took place in the agricultural sector.

Total emissions of fluorinated gases (PFCs, HFCs and SF¢) in 2006 were approxi-
mately 1.2 million tonnes expressed in carbon dioxide equivalents (Table ES 1). This
corresponds to an increase of 141 % compared to 1990. The increase is due to the
replacement by HFC of the ozone-depleting substances.
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Table ES 1 Greenhouse gas emissions by gas (Gg CO; equivalents)

GREENHOUSE GAS EMISSIONS 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
CO; equivalent (Gg)

COz incl. net CO, from LULUCF 24167 23565 26060 27793 33638 32520 31642 22590 21222 20219 17735 21916 20780 22660 23059 23308 25801
CO; excl. net CO, from LULUCF 56 301 56972 56769 56247 58913 58043 61554 56983 57496 54645 53416 54160 55297 56297 55189 52555 51515
CHa incl. CH, from LULUCF 6721 6707 6794 6842 6765 6678 6643 6589 6415 6267 6084 6063 5891 5731 5744 5608 5521
CHa excl. CH, from LULUCF 6719 6706 6792 6841 6764 6677 6641 6580 6415 6264 6081 6060 5886 5725 5739 5603 5509
N20 incl. N2O from LULUCF 8614 8478 8410 8531 8609 8447 8578 8501 8506 8072 7964 7843 7787 7732 7735 7650 7660
N0 excl. N;O from LULUCF 8535 8417 8357 8476 8552 8383 8514 8436 8440 8002 7890 7768 7713 7652 7644 7547 7546
HFCs 4 8 10 30 73 126 205 313 386 489 564 611 664 709 769 795 823
PFCs 377 380 252 291 312 343 303 280 272 291 241 236 261 258 254 257 245
SFs 107 109 108 97 100 127 108 153 99 102 94 111 104 69 81 142 111
Total (incl. LULUCF) 39990 39247 41635 43584 49497 48242 47480 38426 36900 35441 32681 36781 35486 37160 37643 37760 40162
Total (excl. LULUCF) 72043 72591 72289 71981 74713 73700 77326 72745 73108 69793 68284 68947 69925 70709 69676 66900 65749

Table ES 2 Greenhouse gas emissions by sector (Gg CO, equivalents)

GREENHOUSE GAS SOURCE 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
AND SINK CATEGORIES CO, equivalent (Gg)

Energy 53398 54250 54248 53740 56211 55238 59011 54485 54938 52259 50793 51322 52594 53497 52340 49478 48737
Industrial Processes 5792 5687 5383 5455 5752 5906 5816 5719 5858 5662 5846 6009 5920 6030 6094 6410 6151
Solvent and Other Product Use 332 320 326 315 293 309 312 321 318 299 278 269 276 292 312 303 303
Agriculture 9407 9168 9172 9420 9525 9322 9278 9350 9181 8874 8763 8785 8721 8586 8636 8555 8504
Land Use, Land-Use Change and Forestry -32 053 -33 344 -30 655 -28 397 -25217 -25458 -29 846 -34 319 -36 208 -34 352 -35603 -32 167 -34 439 -33 550 -32 033 -29 139 -25 587
Waste 3113 3166 3159 3050 2932 2926 2909 2870 2813 2700 2605 2563 2414 2304 2294 2152 2054
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ES 3. Overview of Source and Sink Category
Emission Estimates and Trends

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 In-
ventories. 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.

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 Statistical surveys on energy consumption
-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 Chemi-
Use cals Inspectorate
National experts
Environmental reports
4 Agriculture Official statistical reports
Organisations and researchers
5 Land Use Change and For-  Swedish University of Agricultural Sciences
estry 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 approxi-

mately 48.7 million tonnes of carbon dioxide equivalents in 2006 (Table ES 2), which is
equivalent to 74 % of the total emissions. Total greenhouse gas emissions from transport
shows a rise, while emissions from individual combustion in buildings are decreasing.
This means overall that the energy sector, including transport, has decreased its emissions
with 8.7 % in 2006 compared to 1990.

Emissions from industrial processes primarily derive from production of iron and steel
and the mineral industry. Carbon dioxide emissions dominate at approximately 72 %,
followed by fluorinated gases with 19 % and nitrous oxide with 9 %. Total emissions
from industrial processes in 2006 were approximately 6.2 million tonnes of carbon diox-
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ide equivalents (Table ES 2), which is approximately 9.3 % of total emissions. Since
1990, total emissions in this sector have varied, primarily because production volumes
vary with economic cycles. In 2006 emissions were 6 % higher than in 1990.

The use of Solvents and Other products mainly gives rise to emissions of volatile organic
sub-stances, nitrous oxides and some carbon dioxide. In 2006, emissions of carbon diox-
ide and nitrous oxide expressed in carbon dioxide equivalents were 0.3 million tonnes
(Table ES 2), which is 0.5 % of the total greenhouse gas emissions. Compared to 1990,
emissions have decreased with 8.8 %. About 28 % of carbon dioxide emissions come
from paint application, even though these emissions have decreased because of a transi-
tion to water-based paints.

Agriculture is the largest source of emissions of methane and nitrous oxide. In 2006, total
greenhouse gas emissions expressed in carbon dioxide equivalents were 8.5 million ton-
nes (Table ES 2), a decrease with 9.6 % compared to 1990. Methane emissions come
primarily from the digestive processes of cattle and from their manure. The most impor-
tant reason for the reduced emissions is reduced livestock keeping. Nitrous oxide emis-
sions come 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 nitro-
gen-fixing crops.

Net removals by sinks amounted to around 26 million tonnes in 2006 (Table ES 2). The
size of the sink varied over the period 1990-2006, but the trend points towards a some-
what decreasing sink due to gradually increasing fellings.

Solid waste landfills are the second largest source of emissions of methane. In 2006, total
emissions from the waste sector were 2,1 million tonnes (Table ES 2) of carbon dioxide
equivalents or 3.1 % of total emissions. This is a reduction of 34 % compared to 1990.
The collection of landfill gas, a ban on landfill deposit and landfill tax has played a key
role for the decrease in emissions.

ES 4. Overview of Emission Estimates and
Trends of Indirect GHGs and SO,

Emissions of volatile organic compounds (NMVOC) were 0.2 million tonnes in 2006
(Table ES 4), a decrease of 48 % compared to 1990. The main contributors to NMVOC
emissions are road traffic and wood combustion in the residential sector. Non-compulsory
environmental standards for new installations of wood-burning boilers and reduced emis-
sions from solvent-containing products have contributed to the decrease in emissions.
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Table ES 4 Emissions of indirect greenhouse gases and SO, (Gg)

GAS 199 199 199 199 199 199 199 199 199 199 200 200 200 200 200 200 200
0 1 2 3 4 5 6 7 8 ¢ 0 1 2 3 4 5 6

NOx 314 316 307 287 296 280 271 261 253 242 220 209 204 198 188 181 175

CO 974 993 967 925 930 908 881 831 766 742 710 673 660 651 616 608 578
NMVO
C 373 327 312 287 280 268 261 250 238 229 220 208 206 207 203 200 195

SO, 108 104 97 86 83 71 69 62 59 48 46 44 45 45 41 40 39

Emissions of nitrogen oxides (NOy) were 0.2 million tonnes in 2006 (Table ES 4), a re-
duction of 36 % compared to 1990. The largest sources of emissions of nitrogen oxides
are road traffic, mobile machinery, maritime transport and electricity and heating produc-
tion. In areas were people congregate road traffic is the most significant contributor to
emissions of nitrogen oxides, but the introduction of catalytic converters in cars and the
subsequent successively more stringent exhaust 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 emis-
sions of nitrogen oxides from the energy sector.

Emissions of carbon monoxide (CO) have decreased from around 1 million tonnes in
1990 to 0.6 million tonnes in 2006 (Table ES 4), a reduction of about 38 %. Emissions
derive mainly (97 %) from the Energy sector.

Emissions of sulphur dioxide (SO;)have decreased from 0.1 million tons in 1990 to 0.04
million tonnes in 2006 (Table ES 4), a reduction of 63 %. 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. Sulphur tax, 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 I 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 inventory submitted 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 2008. The report contains information on Swe-
den’s inventories for all years from 1990 to 2006 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 transparency, consistency, comparability,
completeness and accuracy of the inventory, the report contains information on invento-
ries for all years from the base year to the year of the current annual inventory submis-
sion.

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 preparation, method-
ologies and data sources used and the key sources in the Swedish inventory. Finally there
is information about the progress of quality assurance/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 Historical background

In consequence of scientific indications that human activities influence the climate and an
increasing public awareness about local and global environmental issues during the mid-
dle of the 1980s, climate change was brought up on the political agenda. The Intergov-
ernmental 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 climate 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 anthropogenic 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 I
countries (including all EU member states and other industrialized countries). 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). In the spring 2002 Sweden, together with the other EU mem-
ber states, ratified the Kyoto protocol and the 16th of February 2005 it came into force.
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EU and its member 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 accordance
with the burden sharing agreement’. For Sweden the agreement involves an allowed in-
crease in emissions of 4%. Above this Sweden has chosen to go beyond the EU target and
have a national target to decrease the emissions with 4%. Reduced Climate Impact is one
of the 15 Swedish Environmental Quality Objectives and, except for the national target of
a decrease of 4%, the objective involves a long term aim that emissions of greenhouse
gases should be lower than 4.5 tonnes per year and inhabitant in 2050, and decrease fur-
ther after that. 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 atmos-
phere at a level that would prevent dangerous anthropogenic interference with the climate
system.

1.1.2 Climate change

Some of the gases in the earth’s atmosphere have an ability to absorb infrared radiation
(heat). They do not prevent sunlight reaching the earth’s surface and warming 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 always
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 anthropogenic emissions of greenhouse
gases.

Apart from carbon dioxide, other greenhouse gases are being emitted in larger quanti-
ties 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 form-
ing in the lower atmosphere has increased as a result of emissions of nitrogen oxides,
hydrocarbons and carbon monoxide.

Entirely new, man-made greenhouse gases that are entering the atmosphere cause fur-
ther intensification of the greenhouse effect. These include, in particular, a number of
sub-stances containing fluorine, among them HFCs (compounds of hydrogen, fluorine
and car-bon). HFCs are used instead of the ozone layer depleting CFCs (freons) in refrig-
erators and other applications, and their use is on the increase.

Compared with carbon dioxide, all other greenhouse gases occur at very low concen-
trations. Per molecule, however, these substances are much more effective as greenhouse
gases than carbon dioxide, which means that they still make a considerable contribution
to the green-house 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.

1 2002/358/EG
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The threat of climate change is considered to be one of the most serious environmental
problems faced by humankind.

1.1.3 Greenhouse gas inventories

The inventory covers anthropogenic emissions of direct greenhouse gases CO,, CHy,
N,O, HFC, PFC, SF¢ and indirect greenhouse gases NOx, CO, NMVOC and SO,. 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. As mentioned in section 1.1.2,
ozone (O3) is also a greenhouse gas but, since it is formed by the chemical reactions of
nitrogen oxides, hydrocarbons and/or carbon monoxide, a separate report is not neces-
sary.

The obligations of the Kyoto protocol have led to an increased need for international
supervision of the emissions reported by the parties. The Kyoto protocol therefore con-
tains rules for how emissions should be estimated, reported and reviewed. Emissions of
the direct greenhouse gases CO,, N,O, CHy, HFCs, PFCs and SFg are calculated as CO,
equivalents and added to produce a total. Together with the direct greenhouse gases, also
the emissions of NO,, 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 recalculate the whole time series may arise in order to
maintain consistency. This means that data presented can be changed in the next submis-
sion.

1.2 Institutional arrangements

The inventory system currently used in Sweden is presented in Figure 1.1. The Swedish
Ministry of Sustainable Development has overall responsibility and submits the inventory
report to the European Commission and to the UNFCCC secretariat. The Swedish Envi-
ronmental Protection Agency (Swedish EPA) co-ordinates the activities for developing
the inventory report and is also responsible for the final quality control and quality assur-
ance of the data before it is submitted.

A consortium called Swedish Environmental Emissions Data (SMED), composed of
Statistics Sweden, the Swedish Meteorological and Hydrological Institute (SMHI), the
Swedish Environmental Research Institute AB (IVL) and the Swedish University of Ag-
ricultural Sciences (SLU). These organizations collect data and calculate emissions for all
sectors.
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Figure 1.1 The Swedish inventory system.

A national system meeting the requirements laid down in article 5.1 of the Kyoto Protocol
is developed and was fully in operation in 2006. The Swedish National System is de-
scribed in Annex 5.

1.3 The process of inventory preparation

1.3.1 Data collection and processing
The process of inventory preparation is carried out differently for the different sectors:

1.3.1.1 ENERGY- STATIONARY COMBUSTION
Activity data is collected for the following subgroups:

Energy industries: Data from quarterly fuel statistics, a total survey conducted by Statis-
tics 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 sur-
vey conducted by Statistics Sweden. In some cases data from the industrial energy statis-
tics 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 emis-
sion factors provided by IVL and the Swedish EPA.
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1.3.1.2 ENERGY- MOBILE COMBUSTION

Data on fuel consumption at national level and by fuel type is collected? 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 Swedish EPA.

1.3.1.3 INDUSTRIAL PROCESSES

The reported data for industrial processes is mainly based on information from environ-
mental 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 Ad-
ministrative 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 specific
sector, and all the environmental reports are not available, a combination of information
available from environmental reports and production statistics at national level is used to
estimate national emissions. Emission factors used are usually derived nationally based
on available information from some facilities in a specific sector, and applied to the na-
tional level. The use of default emission factors is limited.

For most CO, emissions from industrial processes, activity data on e.g. the produced
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 in 2005. Activity data
on fuels used in CO, emitting processes are collected from the same surveys as those used
for energy emissions for manufacturing industries, as described above.

1.3.1.4 SOLVENT AND OTHER PRODUCT USE

Data used for estimating emissions from solvent and other product use are based on emis-
sion factors and national activity data obtained from the Products register kept by the
Swedish Chemicals Inspectorate.

1.3.1.5 AGRICULTURE

Data on animal numbers, crop areas, yields, sales of manure, manure management and
stable periods are taken from official statistical reports.’ Some complementary informa-
tion is collected from organisations and researchers, such as the Swedish Dairy Associa-
tion, Swedish Poultry Meat Association, SLU and the Swedish Institute of Agricultural
and Environmental Engineering.

1.3.1.6 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,

2 Data collected by Statistics Sweden
The reports are published by the Swedish Board of Agriculture and Statistics Sweden
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and for the Swedish Forest Soil Inventory, that focuses on dead organic matter and on soil
organic carbon. The two inventories are integrated and uses the same infra structure for
the field sample.

1.3.1.7 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 Federa-
tion and the Swedish EPA. If new data on organic content in household waste or other
relevant research is published, such reports are also considered. Profu provides estimates
of deposited organic fractions of industrial waste.

Emissions reported for waste incineration are compiled from the facilities' annual en-
vironmental reports. Further descriptions of data collection are made for each sector in
sections 3-8.

1.3.2 Data storage
A new system for handling emission data, entitled TPS, has been developed and used for
the first time in submission 2007. It supports data input from Microsoft Excel sheets, and
provides different types of quality gateways. For instance the system makes it possible for
multiple users such as the SMED consortium and the national independent reviewers to
plot time series and make comparisons between different years and submissions. For all
CREF codes and sub-codes, time series from 1990-2006 of emission data, activity data,
and implied emission factors where relevant can be presented. The system also allows for
different types of data output, e.g. to the CRF Reporter.

The CRF-tables for Submission 2008 were generated using the export function in
CRF Reporter.

1.4 Data sources and methodologies

Emission estimates are mainly based on activity data from national or official Swedish
statistics, e.g. energy statistics, agricultural and forestry statistics, as well as data on pro-
duction (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 inter-
nationally recommended default factors.

The methodologies used for Sweden’s greenhouse gas emissions inventory are in ac-
cordance with the Revised 1996 IPCC Guidelines for National Greenhouse Gas Invento-
ries (IPCC Guidelines)* and, in general, in line with IPCC’s Good Practice Guidance and
Uncertainty Management in National Greenhouse Gas Inventories (Good Practice Guid-
ance).” Some parts of the methodologies are taken directly from the IPCC Guidelines, the
Good Practice Guidance and the EMEP/CORINAIR Emission Inventory Guidebook - 3rd
edition (CORINAIR).®

4 The IPCC Guidelines can be found at: http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm
The Good Practice Guidance can be found at: http://www.ipcc-nggip.iges.or.jp/public/gp/english/
The EMEP/Corinair Guidebook can be found at: http://tfeip-secretariat.org/unece.htm
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In Table 1.1, all Tier methods used, which differ from Tier methods recommended in
IPCC Guidelines or Good Practice Guidance, are presented. There is also a brief explana-
tion of why the recommended methods have not been used. Note that for sectors where
no specific recommendations are made in the [PCC Guidelines or Good Practice Guid-
ance, these sectors are not included in Table 1.1. For an overview 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 methodologies is given.

Table 1.1 Methods used that differ from recommended methods in the IPCC Guidelines or Good
Practice Guidance for all sectors.

Sector Used IPCC Explanation

method Guidelines

Tier method Tier
Energy:
Emissions of CH, and 1 2 Reliable data required for Tier 2 is currently not avail-
N20 from navigation able (various engine types efc).
Industrial processes:
Emissions of PFC 2 3 No measurements are performed, so Tier 3 cannot be
from aluminium pro- applied. The method used is close to Tier 2, apart
duction from not using the exact method recommended for

calculation.

Industrial processes:
Emissions of SFs from 2a 3 There is not enough information available to perform
electrical insulation Tier 3.
Industrial processes:
Semiconductor manu- 1 2 There is not enough information available to perform
facture Tier 2.
Industrial processes:
Primary steel, pig iron  National 2 Use of blast furnace gas is used as activity data
production instead of reducing agents for iron ore pellet based

plants, but iron production is reported as activity data
in the CRF reporter.

Waste:

N2O from waste water National 1 Sweden uses national statistics on nitrogen emis-
sions. Nitrogen emissions are only model calculated
for the rural population.

SMED and the SLU have carried out the calculations. In a few cases, estimates are based
on expert 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 green-
house effect, expressed as carbon dioxide equivalents.

Emission factors and thermal values for the energy sector are provided in
Appendix 17.
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1.5 Key categories

According to IPCC Good Practice Guidance, key categories in a national inventory in-
cluding LULUCEF 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 of emissions, the trend in emissions, or both”. The identifica-
tion is done in two steps, where key source categories are first identified excluding
LULUCEF. Key source categories are aggregated sources that together contribute with
either 95% of the level or 95% of the overall trend of all greenhouse gas emissions in
Sweden. Thereafter, still with the 95% thresholds, the same procedures are performed but
including the LULUCEF sector. Any new key category identified from the LULUCEF sector
will be added as key category to the original key source categories.

Key categories in this inventory have been analyzed according to IPCC Good Practice
Guidance for the LULUCEF sector section 5.4 and [PCC Good Practice Guidance section
7.2. The resulting key categories 1990-2006 including LULUCF are presented in Appen-
dix 19A. Corresponding background tables, according to tables 7.A1 - 7.A3 of the IPCC
Good Practice Guidance are presented in Appendix 19B excluding LULUCF, together
with tables including LULUCF. Appendix 19A is in accordance with the latest CRF for-
mat, table 7. Table 7.A3 in Good Practice Guidance is therefore not used. The methodol-
ogy is discussed in detail in Annex 1.

The level and trend assessment, excluding and including LULUCEF, respectively, are
presented below (Table 1.2-1.4)

1.5.1 Level assessment excluding LULUCF

The level assessment excluding LULUCF for 2006 is presented in Table 1.2. It shows
that emissions of CO, from Road transportation (CRF 1A3b) followed by emissions of
CO, from Public electricity and heat production (CRF 1A1a) are in top in 2006. They
contribute with 28.2% and 12.4%, respectively, of the national total and are the top two
on the level assessment list for all years.
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Table 1.2 Key categories 2006 in terms of level assessment, excluding LULUCF

IPCC category GHG Emissions Contribution to the national total

2006 emissions 2006

Gg CO; eq
1A3b. Road Transportation CO; 18 523 28.2%
1A1a. Public electricity and Heat production CO, 8125 12.4%
1A2f. Other Manufacturing Industries and CO, 5096 7.8%
Construction
4D. Agricultural Soils N20O 4729 7.2%
4A. Enteric Fermentation CHg4 2793 4.2%
1A1b. Petroleum Refining CO, 2373 3.6%
2A. Mineral Products CO, 2275 3.5%
2C. Metal Production CO; 2088 3.2%
1A2d. Pulp, Paper and Print CO, 2069 3.1%
1A4c. Agriculture/Forestry/Fisheries CO; 2030 3.1%
6A. Solid Waste Disposal on Land CH4 1845 2.8%
1A4b. Residential CO, 1798 2.7%
1A2c. Chemicals CO, 1628 2.5%
1A2a. Iron and Steel CO, 1218 1.9%
2F. Consumption of Halocarbons and SF6 HFCs 823 1.3%
1A2e. Food Processing, Beverages and CO, 638 1.0%
Tobacco
1A3a. Civil Aviation CO, 623 0.9%
1B1. Solid fuels CO, 579 0.9%
4B. Manure Management N2O 511 0.8%
1A3d. Navigation CO, 484 0.7%
1A4a. Commercial/Institutional CO, 473 0.7%
4B. Manure Management CH, 470 0.7%
2B. Chemical Industry N2O 466 0.7%
1A2f. Other Manufacturing Industries and N2O 393 0.6%
Construction
1A1a. Public electricity and Heat production  N.O 393 0.6%
1A1c. Manufacture of Solid Fuels and Other CO, 368 0.6%

Energy Industries

1.5.2 Trend assessment excluding LULUCF

The trend assessment excluding LULUCF identifies a category as key if its trend diverges
significantly from the total trend, in combination with its emission level significance. The
category with increasing emission levels since 1990 are the prioritized categories regard-
ing improvements in methodology etc., as were described in the beginning of this chapter.

In 2006, 25 key categories in terms of trend have been identified , excluding LULUCF
(Table 1.3.). The Energy Sector (CRF 1) contributes with the majority (17 categories) of
categories, while Industrial Processes (CRF 2), Agriculture (CRF 4) and Waste (CRF 6)
account for 5, 2 and 1 categories, respectively.
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In 2006, the sources with the most significant increase in trend since 1990 are CO, from
Road transport (1A3D), followed by emissions of CO, from Public electricity and heat
production (1Ala), contributing with 19.3% and 6.4% to the overall trend, respectively.
Public electricity and heat production have been on the top-ten list every year since 1990
and Road transport since 1995.

Other interesting categories with regard to the trend are those with decreasing emissions.
Among them, CO, emissions from the Residential sector (1A4b) and the Commer-
cial/Institutional sector (1A4a) are in top in 2006 contributing 23.4% and 10.6% respec-
tively to the overall trend. Emissions of CH, from Solid Waste Disposal on Land (6A)
account for the third most significant decrease in the overall emission trend with a 4.5%
contribution.

Table 1.3 Key categories 2006 in terms of trend assessment, excluding LULUCF

IPCC category GHG Emissions Emissions  Contribution to
1990 2006 the emission
trend 1990-
2006
Gg CO; eq Gg COs eq

1A4b. Residential CO2 6 421 1798 23.4%
1A3b. Road Transportation CO2 16 629 18 523 19.3%
1A4a. Commercial/Institutional CO2 2 541 473 10.6%
1A1a. Public electricity and Heat production CO2 7 691 8125 6.4%
2F. Consumption of Halocarbons and SF6 HFCs 4 823 4.7%
6A. Solid Waste Disposal on Land CH4 2874 1845 4.5%
1A1b. Petroleum Refining CcOo2 1997 2373 3.2%
1A2c. Chemicals CO2 1183 1628 3.2%
1A5 Other Cco2 845 241 3.0%
2A. Mineral Products C0O2 1919 2275 3.0%
1A4c. Agriculture/Forestry/Fisheries CO2 1759 2030 2.4%
2B. Chemical Industry N20 832 466 1.7%
1A2a. Iron and Steel CO2 1057 1218 1.5%
1A2e. Food Processing, Beverages and Tobacco CO2 949 638 1.3%
4B. Manure Management N20 743 511 1.0%
4B. Manure Management CH4 354 470 0.8%
1A2f. Other Manufacturing Industries and Con-  CO2 5427 5096 0.8%
struction

1B1. Solid fuels CO2 789 579 0.8%
1A1a. Public electricity and Heat production N20 305 393 0.7%
2C. Metal Production CO2 2413 2088 0.7%
2C. Metal Production PFCs 377 244 0.6%
1A2f. Other Manufacturing Industries and Con-  N20 335 393 0.5%
struction

1B2. Oil and Natural Gas CcOo2 93 166 0.5%
1A2d. Pulp, Paper and Print CO2 2186 2069 0.4%
1A3e. Other Transportation CO2 231 275 0.4%
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A detailed description of the methodology used in the analysis is provided in Annex 1 and
the complete analysis of Sweden’s key source categories is presented in Appendix 19A
and 19B.

1.5.3 Level and trend assessment including LULUCF

Table 1.4 shows the additional key categories 2006 for level and trend when including the
LULUCEF sector in the national inventory. Emissions/removals of CO, was found to be
key for one or more years for Forest land (5A), Cropland (5B), Grassland (5C) and Set-
tlements (SE). One reason for this is that these pools are important (level). Another reason
is changes in harvest intensity and this may lead to high fluctuations in stocks between
years (trend). Emissions of CH4 and/or N,O were never found to be key.

Table 1.4 Additional key categories when including the LULUCF sector 2006 for both level and
trend. A negative value indicates a net removal.

IPCC category GHG Emissions/ Emissions/ Contribution to the Contribution to the
Removals 1990 Removals 2006 level of national total trend of emis-
emissions/removals, sions/removals, includ-
including LULUCF ing LULUCF 1990-

2006 2006
Gg COz eq Gg COz eq
5A Forest land CO, -35471 -27793 28.3% 28.5%
5B Cropland CO, 4048 2805 2.9% 4.6%
5C Grassland CO, -646 -1196 1.2% 2.0%
5D Settlements CO; -105 434 0.4% 2.0%

1.6 Information on QA/QC

1.6.1 Background

This section presents the general QA/QC plan for the Swedish GHG inventory’. The
current system complies with the Tier 1 procedures outlined in the Good Practice Guid-
ance (IPCC, 2000). A quality system as part of the National System has been developed
and is fully in operation since January 2006 (Appendix 7).

1.6.2 Description of the QA/QC system

The Swedish EPA is responsible for the QA/QC plan for the inventory. The national
GHG emissions are compiled by the Swedish Environmental Emission Data (SMED).
Other contractors are also involved in the inventory preparations process.

The QA/QC plan consists of quality procedures and checklists specified for each re-
porting CRF-code (or group of codes). The plan is updated annually and lists all quality
control steps that must be undertaken during inventory work (Tier 1 and where appropri
ate Tier 2). The QA/QC plan also includes descriptions of roles and responsibilities, of
databases and models and documented procedures for uncertainty and key source analy-
sis, as well as procedures for handling and responding to UNFCCC's review of the Swed-
ish inventory. The QA/QC plan handles follow-up and improvement by procedures of

! Manual for SMED:s Quality System in the Swedish Air Emission Inventories
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non-conformity reporting and collection of improvement 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.

1.6.3 Quality assurance

Key sources should be subject to external peer review according to the Tier 2 of the Good
Practice Guidance. The new QA/QC system includes national peer reviews by sectoral
authorities. The procedures are described in Appendix 7. The peer reviews include meth-
odology and emissions factors used, as well as comparisons of activity and emission data
with other national statistics. The reviewers also identify areas of improvement, which
consolidates the basis for improvements in coming submissions.

1.6.4 Quality control
In this inventory, general Tier 1 QC measures, according to Table 8.1 in IPCC Guide-
lines, have been carried out, as have the source specific Tier 2 QC measures in Table 1.5.

Table 1.5 Source specific Tier 2 QC measures carried out in the inventory.

CRF Action

1A, 1B Energy amounts Analysis of differences between the sectoral and reference approach.
and and emissions of

parts of CO-
2
1B Fugitive emissions Measured emissions from flaring are checked to assure that the quality is
and flaring of CO,  sufficiently high. Trends for activity data and emissions are compared and
CH4 and N,O analysed.
2A1 Cement production, Emissions are calculated both using the bottom-up and the top-down
process emissions method, the results have been compared and differences explained. It is
of CO, also stated that emission factors and activity data used are in accordance
with internationally accepted methods.
2A2 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 CO;
2B2 N2O-emissions from Bottom-up production data could not be compared to official data since
Nitric Acid produc-  official data for 2004 were not available in the statistical database. Only
tion one company produces nitric acid. Calculation methods, abatement tech-
nique and production capacity is based on information achieved directly
from the company.
2C3 PFC emissions from Documented calculation methods and process information obtained di-
aluminium produc- rectly from the company.
tion
2F Consumption of Differences between country specific emission factors and default emis-
halocarbons and sion factors from IPCC Guidelines are documented and explained.
SFe

All QC measures performed are documented in QC checklists for each CRF code or
group of codes. After completion of the initial compilation of the inventory, a QC-team
reviews all QC checklists.

1.6.5 Quality control for the overall inventory

When the reporting tables and the NIR are completed, a quality coordinator performs a
final quality control before delivery of the inventory to the Swedish EPA.
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1.7 General uncertainty evaluation

An uncertainty analysis, excluding LULUCF, has been performed according to the Tier 1
method, described in detail in Annex 2 and IPCC Good Practice Guidance section 6.3.2.

During 2005, a SMED study has been performed, aiming at improving the transpar-
ency and quality in the present uncertainty estimates in the Swedish National Greenhouse
Gas Inventory by making the underlying documentation and structures for uncertainty
estimates more consistent and traceable. This will facilitate easier replication and updat-
ing of results as well as enable internal and external reviews of assigned uncertainties. To
simplify the methodology, there have not been any adjustments for correlation between
gases, even though many of them have the same activity data and therefore are correlated.
The study is described in Annex 2 and in detail in a SMED report.®

The IPCC 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 and
Waste. Uncertainty coefficients have in many cases been assigned based on expert
judgement or on default uncertainty estimates provided in the IPCC Good Practice Guid-
ance, since not enough background data was available to make actual calculations. Uncer-
tainty estimates have been performed for the base year 1990 and 2006 for direct green-
house gases, e.g. CO,, CH,4, N,O and F-gases.

In the underlying work, sources have been specified on the level where independency
is assumed to exist. When reporting the results in the NIR, however, uncertainties are as
far as possible 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 especially important and/or weak. This is very important information
when planning future inventories and, above all, using and evaluating the inventory re-
sults.

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.

In conjunction with the Tier 1 uncertainty calculations of emission levels for 1990
and 2006, uncertainty introduced to the trend 1990-2006 is calculated following the IPCC
Tier 1 method.

1.7.1 Results

The results of the uncertainty calculations according to the Tier 1 uncertainty approach
are presented in Annex 2. The Tier 1 calculations of uncertainty in the reported 2006 CO,
equivalent emissions in Sweden result in combined uncertainty of the national total emis-
sions of 2.3%, 2.0%, 5.2% and 0.4% for CO,, CH,4, N,O and F-gases respectively. The
overall uncertainty for 2006 is calculated to be 6.0%. For 1990, the combined uncertainty
of the national total emissions were 2.4%, 2.8%, 5.3% and 0.2% for CO,, CH4, N,O and
F-gases respectively. The overall uncertainty for 1990 is calculated to be 6.5%. These
figures neither include corrections for the correlation that may exist between gases (i.e.

8 Gustafsson, 2005

35



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

based on the same activity data), nor include corrections for non-reported sources. There-

fore, the actual uncertainty of the estimated emissions per compound and of the aggre-

gated greenhouse gas emissions will be somewhat higher.

The trend of national total greenhouse gas emissions 1990-2006 in Sweden is associ-
ated with an uncertainty of 2.6%. This stems mainly from uncertainty introduced by ac-

tivity data.

Table 1.6 and Table 1.7 show the ten sources with the largest uncertainty contribu-

tions in the Swedish inventory for 2006 and 1990, respectively.

Table 1.6 The ten sources with the largest uncertainty contributions in the Swedish inventory for

2006.
CRF IPCC source GHG EmissionsActivity  Emission Emission Combined Combined
Category 2006 data factor data uncertaintyuncer-
uncertaintyuncertaintyuncertainty tainty as
% of total
national
emissions
in 2006
Gg CO,
e.q. % % % % %
4D Agricultural Soils N2O 4729 16 69 70 5.1
6A Solid Waste Disposal CH4 1845 30 50 58 1.6
on Land
1A2¢ Chemicals CO, 1628 6 55 56 1.4
1A Mobile combustion CO; 24 007 3 2 4 1.3
4A Enteric Fermentation CH, 2793 5 25 25 11
1A1a Public electricity and CO, 8125 1 7 8 0.9
Heat production
1A Mobile combustion N2O 642 5 109 47 88 0.9
4B Manure Management N20 511 20 50 54 0.4
1A2f Other Manufacturing CO2 3342 7 4 8 0.4
Industries and Con-
struction, stationary
4B Manure Management CH4 470 20 50 54 0.4
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Table 1.7 The ten sources with the largest uncertainty contributions in the Swedish inventory for
1990.

4D Agricultural Soils N2O 5251 16 7 72 5.2
6A Solid Waste Disposal CHa 2874 40 5 64 2.6
on Land
1A4b Residential, Stationary CO; 6 056 18 1 18 1.6
4A Enteric Fermentation CHs 3058 5 2 25 1.1
1A Mobile combustion CO, 21993 2 4 1.1
1A2c Chemicals CO, 1183 6 5 55 0.9
1A Mobile combustion N2O 521 82 0.6
1B1 Solid fuels CO, 789 49 51 0.6
4B Manure Management N,O 743 20 54 0.6
1A1a Public electricity and CO; 7 691 1 5 0.6

Heat production
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1.8 General assessment of completeness

The inventory covers emissions and sinks in Sweden. All greenhouse gases are covered.
Completeness for each sector is discussed below.

1.8.1 Energy

Estimated emissions are considered to be complete for most sources. There might still be
some deficiencies as regards in-house generated fuels in the chemical industry and in
smaller companies.

Fugitive emissions, i.e. venting and flaring of liquid and gaseous fuels, are most likely
not complete for smaller companies. However, all Swedish plants that flare gas and are
included in the European trading scheme in 2005-2007, are accounted for. For smaller
plants, data might be included but reported in CRF 1A instead of CRF 1B. Hence, any
lack of emission data from flaring is considered to be insignificant. In the Centralized
Review of submission 2005, the Expert Review Team (ERT) made the comment that
fugitive emissions of CH4 and CO, from transport, refining and storage of oil; transmis-
sion and distribution of natural gas are lacking, despite available relevant activity data.
From submission 2006 estimates of fugitive emissions of CH, from refining are included
in the inventory.

1.8.2 Industrial Processes
For most sources, and particularly for the most important ones, the estimates are in accor-
dance 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. The possible incompleteness of
these sub-sectors concerns NMVOC emissions.

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

1.8.3 Solvent and other product use
The estimated emissions from solvent and product use are considered to be comparatively
complete, 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 Inspec-
torate.

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

1.8.4 Agriculture

All relevant agricultural emissions and sources are reported in the inventory. Reindeer,
which are not normally 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, however, some marginal animal
groups, which are not included, such as fur-bearing animals (minks, foxes and chinchil-
las). These groups are very small and there is no methodology developed for estimating
their GHG emissions.
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All sales of fertilizers are included in the inventory, also quantities used in other sectors.
N-fixing crops used in lay fields, and sludge used as fertilizer is also included. This
means that all anthropogenic inputs to agricultural soils are covered.

1.8.5 Land Use, Land Use Change and Forestry

All land areas are inventoried in the field except high mountains, military impediments
and urban land. We believe that their relative importance for the carbon reporting is
small.

The reporting of woody biomass stocks refers to above and below ground parts of
trees taller than 1.3 m. Smaller trees and other vegetation such as shrubs and herbs are not
reported. Emissions from mineralization when extracting peat are now reported but not
yet the below ground biomass of dead stump systems.

1.8.6 Waste
The effects of possible leakage of methane and nitrous oxide from the wastewater treat-
ment processes have not been estimated. All other data are complete.
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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 equivalents,
totalled around 65.7 million tonnes (excl. LULUCF) in 2006. Emissions decreased by
around 6.3 million tonnes or about 8.7 % between 1990 and 2006. Aggregated green-
house gas emissions varied over the period but in all cases were below the 1990 level
during the period 1999-2006. Emissions decreased by around 1.2 million tonnes between
2005 and 2006, principally due to reduced emissions from the energy sector, the agricul-
ture sector, the waste sector and industrial processes.
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Figure 2.1 Total emissions of all greenhouse gases calculated as CO, equivalents from the different
sectors.

The net sink for the land use, land-use change and forestry sector (LULUCF) was ap-
proximately 26 million tonnes of carbon dioxide equivalents in 2006. The size of the sink
varied over the period 1990-2006, but the trend points towards a somewhat decreasing
sink due to gradually increasing fellings.
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Figure 2.2 Total removals and emissions from land use, land use change and forestry (LULUCF),
calculated as CO2 equivalents.

GDP growth averaged 2 % over the period 1990-2006. GDP fell during the early 1990s
but average annual growth since 1994 has been just over 3 %. Aggregated greenhouse gas
emissions have therefore not increased as a result of increased growth in the Swedish
economy during the period, and emissions overall have been decoupled from growth.
Greenhouse gas emissions (excl. LULUCF) per capita have also decreased, and totalled
7.2 tonnes per capita in 2006, compared with 8.4 tonnes per capita in 1990.

According to Sweden's commitment for 2008—2012 under the Kyoto Protocol and EU
burden sharing, Sweden's greenhouse gas emissions excluding LULUCF must not exceed
104% of the emissions in the base year. The base year is 1990 for all emissions except
fluorinated greenhouse gases, for which it is 1995. Base year emissions are just under
72.2 milion tonnes. In 2006 greenhouse gas emissions were around 91% of the base-year
level of emissions, which suggests that Sweden will meet its commitment.

Emissions of greenhouse gases from different sectors of society developed in differ-
ent directions over the period from 1990 to 2006. The greatest reductions in emissions
over the period 1990-2006 took place in the residential and service, agriculture and waste
sectors. Increases in emissions occurred principally in the transport sector.
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Figure 2.3 Total emissions of all greenhouse gases calculated as CO,-equivalents from the different
sectors.

2.2 Description and interpretation of emission

trends in relation to gas
In 2006, emissions (excl. LULUCF) of carbon dioxide totalled around 51.5 million ton-
nes, which is equivalent to around 78 % of aggregated greenhouse gas emissions. Emis-
sions of methane were 5.5 million tonnes of carbon dioxide equivalents and account for
just over 8% of emissions, while emissions of nitrous oxide totalled 7.5 million tonnes,
equivalent to almost 12%. Only 1.8 % or 1.2 million tonnes of carbon dioxide equiva-
lents out of the aggregated greenhouse gas emissions were emissions of fluorinated
greenhouse gases. The breakdown between the different greenhouses gases was roughly
the same over the period 1990-2006.
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Figure 2.4 Greenhouse gas emissions broken down by gas (2006).

221 CO;

In 2006, total carbon dioxide emissions in Sweden totalled 51.5 million tonnes, excl.
LULUCEF. 52 % of carbon dioxide emissions came from the energy sector, 39 % of car-
bon dioxide emissions came from the transport sector and the remaining 9% came from
industrial processes, solvent and other product use and waste. Emissions were 8.5 %
lower than in 1990, and it is the energy sector that has shown the greatest reduction.
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Figure 2.5. Total emissions of CO, from different sectors.
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2.2.2 CH,

Emissions of methane come primarily from agriculture and landfills, but around 7 % is
emitted in the energy and transport sector and from industrial processes. Emissions of
methane, excl. LULUCEF, totalled around 262 ktonnes in 2006, which is equivalent to
around 5.5 million tonnes calculated as carbon dioxide equivalents or just over 8 % of
total greenhouse gas emissions. Emissions have fallen by just under 18 % since 1990,
largely due to measures taken in the waste sector.
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Figure 2.6 Total emissions of CH,4 from different sectors, calculated as CO,-equivalents.

2.2.3 N;O

In 2006, emissions of nitrous oxide totalled around 24 ktonnes or 7.5 million tonnes of
carbon dioxide equivalents (excl. LULUCF). All sectors produce nitrous oxide emissions,
but the emissions came chiefly from the agriculture sector, which accounted for 69 % of
emissions. Compared with 1990, emissions have decreased by almost 12 %, and it is
primarily emissions from the agriculture sector that account for the decrease.
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Figure 2.7 Total emissions of N,O from different sectors calculated as COz-equivalents.

2.2.4 Fluorinated greenhouse gases
Emissions of fluorinated greenhouse gases (F-gases) are reported in the industrial proc-
esses sector. Total emissions of fluorinated greenhouse gases in 2006 amounted to around
1.2 million tonnes calculated as carbon dioxide equivalents and account for just under
2 % of total emissions. However, emissions increased by 142 % between 1990 and 2006.
Emissions of HFCs increased in particular, from just under 4 ktonnes of carbon diox-
ide equivalents in 1990 to around 823 ktonnes in 2006. PFC emissions, on the other hand,
have decreased. In 1990 emissions of PFCs amounted to around 377 ktonnes of carbon
dioxide equivalents, and in 2006 they had fallen to around 245 ktonnes. Emissions of SF6
varied between 1990 and 2006. In 1990 they totalled around 107 ktonnes and in 2006
they amounted to 111 ktonnes of carbon dioxide equivalents.

Fluorinated greenhouse gases

1400

1200

1000

o

]

S 800 o SF6
© mPFCs
2 600 OHFCs
S

<

1990
1992
1993
1994
1995
1996
1997
1998
1999

1991
2000
2001
2002
2003
2004
2005
2006

Figure 2.8 Total emissions of SF6, PFC and HFC, calculated as CO,-equivalents
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2.3 Description and interpretation of emission
trends in relation to source

The greatest emissions in 2006 were from the energy, transport and industrial sectors.
Emissions from the energy sector made up 43% of total greenhouse emissions, in which
the energy industry accounted for 17%, industrial combustion for 17%, the residential and
service sector for 7% and fugitive emissions and other for around 2%. Domestic transport
accounted for 31% of total greenhouse gas emissions, agriculture for 13%, industrial
processes for 9% and the waste sector for 3%.
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Figure 2.9 Greenhouse gas emissions broken down by sector (2006).

2.3.1 Energy excluding transport

Emissions of greenhouse gases by the energy sector amounted to almost 29 million ton-
nes of carbon dioxide equivalents in 2006, which is equivalent to 43 % of total emissions.
Carbon dioxide emissions dominate with 94 % of emissions by the energy sector, while
emissions of methane and nitrous oxide are small. Emissions by the energy sector vary
depending on temperature and precipitation conditions and the state of the economy, but
the trend over the period 1990-2006 was for a slight reduction in emissions. In compari-
son with 1990, emissions were 18 % lower in 2006, and the decrease is principally due to
the use of oil for heating in the residential and service sector having declined and been
replaced principally by district heating based on biomass fuels.

Calculated in terms of carbon dioxide equivalents, total emissions from electricity and
district heating production amounted to 8.6 million tonnes, from refineries to 2.4 million
tonnes and from industrial combustion to 11.3 million tonnes in 2006. The emissions of
the residential and service sector of 4.8 million tonnes include combustion in the residen-
tial and service sector and combustion in agriculture, forestry and fisheries. Fugitive
emissions from fuels come, for instance, from flaring and amounted to just under 0.8
million tonnes in 2006 and emissions from other were around 0.2 million tonnes.
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Figure 2.10 Total emissions of all greenhouse gases from the Energy sector, total and per subsector.

2.3.1.1 CARBON DIOXIDE FROM THE ENERGY SECTOR, EXCLUDING
TRANSPORT

2.3.1.1.1 Energy industries
Emissions of carbon dioxide from the production of electricity and district heating to-
talled 8.1 million tonnes in 2006. Emissions in 1990 totalled 7.7 million tonnes, but over
the period 1990-2006 emissions varied from year to year.

Temperature and precipitation, which vary between years, have an impact on hydro-
power production and heating needs and thus lead to a variation in emissions between
years. This is clearly 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. Emissions are also affected by what energy
source is used when there is a shortage of hydropower. The deficient production of hy-
dropower in 1996 was principally offset by increased oil condensing production, while
shortage of hydropower in 2003, which was another year of low hydropower production,
was largely offset by importing electricity.

During the period, district heating production increased from 34 TWh in 1990 to
around 48 TWh in 2006. On the other hand, emissions have not increased significantly as
the expansion has principally taken place through increased use of biomass fuels. Emis-
sions per kWh have instead fallen. Use of biomass fuels, peat and waste in 1990 totalled
10.4 TWh, and it had risen to 36.2 TWh in 2006. Energy and carbon dioxide taxes have
contributed to this trend. Use of coal has decreased and been replaced by biomass fuels.
On the other hand, the use of oil was fairly stable between 1990 and 2006, although with
some variation which can be explained by different temperature conditions from year to
year.
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Emissions of carbon dioxide from electricity production come from the combustion of
fossil fuels in combined heat and power plants, and in some years also from condensing
power plants, for example when little hydropower is available. These emissions varied
over the period, principally depending on availability of hydropower, but some increase
has occurred as a result of increased production in combined heat and power plants with
biomass fuels as well as coal, coke and blast-furnace gas and oil.

2006 was characterised by a lower inflow to reservoirs in Sweden. Swedish nuclear
reactors also had lower production than in the previous year. At the same time, electricity
use has stabilised in recent years and there was some net importing of electricity. The fact
that production of biomass fuel-based combined heat and power was substantially higher
in 2006 than in previous years is likely to be due to the electricity certificates system,
which increases the cost-effectiveness of renewable electricity production. Taken to-
gether, these factors led to somewhat lower use of fossil fuels in Swedish electricity pro-
duction and consequently to lower carbon dioxide emissions in 2006 than in 2005.

Production of refined products increased in Sweden during the period, leading to an
increase in carbon dioxide emissions from the refineries from 2.0 million tonnes in 1990
to 2.4 million tonnes in 2006 or around 19%. Emissions in 2006 were approximately
equal to those in 2005.

2.3.2 Other Sectors

Emissions of carbon dioxide in 2006 were 4.3 million tonnes in the residential and service
sector including combustion in agriculture, forestry and fisheries, a decrease of more than
half in comparison with 1990. The decrease is principally due to a switch from oil heating
to district heating and in recent years also to heat pumps and pellet-fired boilers. Total use
of fossil fuels has fallen sharply. Approximately 2,5 % of detached, semi-detached and
terraced houses had oil as their sole source of heating in 2006 while the proportion of
houses with combined heating systems in which oil can be used was 9%. The positive
trend is principally due to energy and carbon dioxide taxes, rising oil prices and invest-
ment grants for connection to the district-heating network. A downward trend in carbon
dioxide emissions is therefore visible in this sector, equivalent to just over 3.5 % per year
or around 6.5 million tonnes of carbon dioxide in total between 1990 and 2006. The trend
in recent years has been for energy consumption for heating per unit of floor area to have
fallen for houses and commercial premises but to remain stable in apartment blocks. If
conversion losses originating from use by the sector are included, some reduction can
also be seen in this indicator. Causes may be energy efficiency improvements and in-
creased use of heat pumps.

Emissions decreased by around 0.8 million tonnes between 2005 and 2006 and it is
mainly due to rising oil prices and an investment support for conversion from oil heating
in residential buildings that was introduced in 2006.

At the same time as carbon dioxide emissions in homes and commercial premises are
falling sharply, emissions from energy use in agriculture, forestry and fisheries are in-
creasingly slightly and totalled 2.0 million tonnes in 2006. Emissions here increased by
15 % between 1990 and 2006. Use of machinery accounts for around 80 % of these
emissions and does not follow the trend in heating.
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2.3.3 Manufacturing industries

Carbon dioxide emissions from industrial combustion were around 10.7 million tonnes in
2006. Emissions varied around approximately the same level over the period 1990-2006,
principally due to economic fluctuations. Emissions have been fairly stable in recent
years. A small number of energy-intensive industries account for a large proportion of
carbon dioxide emissions in the sector. The pulp and paper industry accounts for almost
20% of emissions, followed by the chemical industry with around 15% and the iron and
steel industry with just over 10%.

Viewed over a longer period from 1970 on, industry has reduced its use of oil and in-
creased its use of electricity. However, use of fossil fuels increased by a few TWh be-
tween 1992 and 2006. Contributory factors have included increased production and lower
energy and carbon dioxide taxes. Use of oil has, however, increased less than production
volume due to some improvement in energy efficiency. Both specific oil use (kWh per
production value at 1991 prices) and specific electricity use almost halved over the period
1992-2006.

Carbon dioxide emissions from industrial combustion increased by around 2.4% be-
tween 2005 and 2006, but are still below the level of 2004. Increases can be observed in
the iron and steel industry, the chemical industry, the food industry and other industry,
while there was some decrease in pulp and paper industry. Oil prices were substantially
higher in 2005 and 2006 than in previous years, and The EU Emission Trading Scheme
was introduced in 2005.

2.3.3.1 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. Approximately 4% of emissions from the energy sector are emissions

of nitrous oxide, and approximately 1% are emissions of methane.

Methane emissions increased by around 11 % between 1990 and 2006. Almost two-
thirds of emissions originate from the residential and service sector, including energy use
in agriculture. There appears to be a weak downward trend. The decrease is probably due
to improved technology for combustion of bioenergy. At the same time there has been an
increase in the use of small-scale bioenergy, which has meant that the reductions have not
been even greater. The largest percentage increase, on the other hand, has occurred in the
smallest sector, emissions from electricity and district heating. Use of bioenergy has also
increased sharply since 1990.

Nitrous oxide emissions increased by 8 % between 1990 and 2006. This trend is pro-
portional to combustion in the production of electricity and district heating, industry and
the residential and service sector.

2.3.4 Emissions from transport

For the transport sector as a whole, greenhouse gas emissions increased by 9.5% over the
period from 1990 to 2006 inclusive, from 18.4 million to 20.2 million tonnes of carbon
dioxide equivalents, and make up 31% of total national greenhouse emissions. The trans-
port sector's national emissions were, however, 0.4% lower in 2006 than in 2005. This is
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principally due to decreases for domestic aviation and navigation and to the fact that the
increase in greenhouse gas emissions for road traffic was only 0.03%. Greenhouse gas
emissions from national aviation decreased by 6% and navigation by 10% from 2005 to
2006.

Greenhouse gas emissions from international bunkering were 9.3 million tonnes car-
bon dioxide equivalents in 2006 and are not included in the Kyoto Protocol commitments
and the figures given above. This portion of emissions accounted for by aviation has
increased by 50% since 1990, from 1.4 to 2.0 milion tonnes, and navigation by 220%,
from 2.3 to 7.3 milion tonnes of carbon dioxide equivalents.
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Figure 2.11 Emissions from the transport sector, total and per subsector

2.3.4.1 EMISSIONS OF CARBON DIOXIDE FROM THE TRANSPORT SECTOR
Carbon dioxide from road traffic accounts for the greater share of greenhouse gas emis-
sions by the transport sector. The increase in CO, from road traffic from 1990 to 2006
was 11%, and the increase in the past year was 0.1%. CO, emissions from national avia-
tion and navigation have varied over the period and are now 7 and 10 % respectively
below 1990 levels.

Carbon dioxide emissions from road traffic were approximately 18.5 million tonnes
in 2006. The total energy content (TJ) in consumed petrol and diesel for road traffic in-
creased by 12% between 1990 and 2006. Heavy goods traffic accounts for most of the
increase. The total increase in carbon dioxide emissions from road transport from 2005 to
2006 was 0.1%. Background data for the limited increase from 2005 to 2006 are that
carbon dioxide emissions from heavy goods vehicles increased by 1.2% while emissions
from cars decreased by 0.9%.

During the past year the petrol consumption of car traffic decreased more than the
diesel consumption of cars increased. Fossil energy use and the associated carbon dioxide
emissions for cars consequently decreased in the past year.
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Several factors have been significant in limiting carbon dioxide emissions from petrol for
road traffic. The use of renewable fuels has increased as carbon-neutral motor fuels have
been exempt from energy tax since 2004, as well as not being subject to carbon dioxide
tax. The oil companies started large-scale admixture of ethanol in petrol in 2003, which
has rapidly led to the situation where almost all petrol sold in Sweden now contains 5%
ethanol. Motor fuel taxes, together with the high price of petrol, are judged to have had an
impact on a switch from vehicles powered by petrol to diesel or renewable fuels and on
change of fuel and to have limited consumption. The total number of what are known as
eco-cars has also increased sharply in recent years as a result of several changes in poli-
cies that promote their introduction.

It is principally heavy goods vehicles that use diesel, and most of the increase in die-
sel use is due to increased transport mileage with heavy goods vehicles, but some of the
increase is also due to an increased proportion of light goods vehicles and cars running on
diesel. Diesel consumption for heavy goods vehicles increased by around 32% between
1990 and 2006, and the increased transport mileage is due to the structural transformation
of society entailing specialisation, centralisation and globalisation, which means that
freight is being transported ever greater distances.
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Figure 2.12 Emission from aviation, navigation and railways.

Emissions from aviation vary from year to year. Following a sharp increase in 2004,
emissions have decreased. Emissions of CO, from domestic aviation totalled 673 ktonnes
in 1990, 663 ktonnes in 2005 and 623 ktonnes in 2006. Domestic aviation has decreased
because the share of train and to some extent car journeys has increased. The fact that
more people are choosing to travel by train or car rather than flying is considered to be
due in part to a decrease in the availability of short-haul air travel and new security re-
quirements and routines reducing the advantages of flying in terms of speed and flexibil-
ity. Since Arlanda Airport was integrated into the Swedish railway system, rail travel has
proved to be a competitive alternative for both business and private travellers who use
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Arlanda as a departure point for onward journeys. All the airlines reduced their domestic
capacity in 2006. Despite domestic traffic having decreased, the cabin factor (seat occu-
pancy) for domestic aviation has increased.
Carbon dioxide emissions for national navigation are estimated at 484 ktonnes in 2006,
which is 10% lower than in 2005. Emissions by national navigation have fallen since
2003. It should be noted at the same time that a large but variable proportion of domestic
marine transport activity uses ship fuel bunkered abroad, which may affect the figures.
Carbon dioxide emissions from the railways have decreased by around 38 per cent
since 1990 and their total level accounts for a marginal share of transport sector emis-
sions.

2.3.4.2 METHANE AND NITROUS OXIDE FROM THE TRANSPORT SECTOR
Total methane emissions from transport have fallen by 67% since 1990 as a result of
better exhaust emission control and were 35 ktonnes of carbon dioxide equivalents in
2006.

The emissions of nitrous oxide from the transport sector were 187 ktonnes in 2006
which accounts for 2.5% of the total emissions of nitrous oxide. Emissions of nitrous
oxide increased in connection with the shift to cars fitted with catalytic converters. How-
ever, changed technology has meant that emissions in 2005 were lower than in 2000.

2.3.5 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 min-
eral industry and the use of coal in the reduction of copper. There are also emissions of
fluorinated greenhouse gases in this sector. Total emissions from the sector amounted to
almost 6.2 million tonnes of carbon dioxide equivalents in 2006, which is equivalent to
9.4 % of aggregated emissions. Carbon dioxide emissions are dominant at around 72 %,
followed by fluorinated greenhouse gases with approximately 19 %, nitrous oxide with
approximately 9 % and methane with 0.1 %.
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Figure 2.13 Emissions from the Industrial processes sector, total and per subsector.

Emissions in 2006 were around 6.2 % higher than in 1990, but total emissions in this
sector have varied somewhat since 1990, principally due to variation in production vol-
umes and economic fluctuations. Economic fluctuations may, however, differ for differ-
ent industries. Emissions from the cement industry have increased in recent years, for
example, while those from the chemical industry have decreased over the same period.

Carbon dioxide emissions from the cement industry have increased in recent years,
and in 2006 emissions had increased by around 9.6 % in comparison with 2005. This is
principally due to an economic upturn in the construction sector, both in Sweden and in
other countries to which the cement is exported. Production of iron and steel has also
increased in recent years due to an increase in demand for iron ore and other iron and
steel products on the world market. Emissions from this industry are also reported in the
energy sector, with the result that the increase in production and therefore in emissions is
not fully reflected in this sector. However, emissions from the industrial processes in the
iron and steel industry decreased in 2006 as a result of technical factors. Total emissions
from industrial processes decreased by 4% between 2005 and 2006, principally due to the
decrease in the iron and steel industry.

2.3.5.1 FLUORINATED GREENHOUSE GASES (HFC, PFC, SF)

Fluorinated greenhouse gases have a number of uses. Most emissions of fluorinated
greenhouse gases in Sweden today come from primary aluminium production, leakage
from refrigeration and air-conditioning systems, foam plastic manufacturing and foam
plastic products. Total fluorinated greenhouse gas emissions in 2006 amounted to around
1 180 ktonnes calculated as carbon dioxide equivalents and account for around 1.8 % of
total emissions. Emissions of fluorinated gases are showing an increasing trend, however,
and increased by 142 % between 1990 and 2006, principally due to a sharp increase in
HFC emissions. This is due to HFC in many cases having replaced the ozone-depleting
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substances CFCs and HCFCs as refrigerants and the number of refrigerating and air-
conditioning units, as well as heat pumps, having increased.

HFC emissions also increased in 2006, while PFC and SF¢ emissions fell, with the
overall result that total emissions of fluorinated greenhouse gas emissions fell by 1.3%
between 2005 and 2006. The decrease is principally due to a decrease in SF6 emissions.
An explanation for why SF6 has decreased is that some use of SF6 was prohibited in July
2006 and that some other use will be prohibited in 2007-2009 as a result of an EU Regu-
lation introduced in 2006. This Regulation means that certain fluorinated greenhouse
gases are being prohibited at various times between 2006 and 2009.
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Figure 2.14 Emissions of fluorinated greenhouse gases, total and per gas.

2.3.6 The use of solvents and other products

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 2006 totalled 303 ktonnes, which is around
0.5 % of total emissions. In comparison with 1990, emissions have decreased by 8.8 %.
Approximately 28 % 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 2.15 Emissions from the use of solvents and other products, total and per subsector.

2.3.7 Agriculture

Agriculture is the largest source of methane and nitrous oxide emissions. Emissions of
these greenhouse gases in 2006 amounted to 8.5 million tonnes of carbon dioxide equiva-
lents, of which around 60 % was made up of nitrous oxide and 40 % of methane. In com-
parison with 2005, emissions have decreased by just over 50 000 tonnes or 0.6 %. This is
principally due to two factors: firstly the number of cattle has decreased, resulting in
lower methane release, and secondly lower application of nitrogen fertiliser to agricul-
tural land has resulted in decreased release of nitrous oxide. Aggregated emissions de-
creased by 3 % over the period 2000-2006, and they have fallen by 9.6 % since 1990.
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Figure 2.16 Emissions from agriculture, total and per gas.
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2.3.7.1 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 reason for the
decreased emissions is reduced livestock farming. The number of dairy cows decreased
from 576 000 in 1990 to 388 000 in 2006. The greatest 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 government 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 livestock 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 quan-
tity of manure and a higher proportion of slurry management, but emissions per produced
quantity of milk have fallen slightly at the same time.

2.3.7.2 EMISSIONS OF NITROUS OXIDE FROM AGRICULTURE

Nitrous oxide emissions come principally from the supply and conversion of nitrogen 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 precipitation. 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 emis-
sions since 1990 are due to the use of both mineral fertiliser and farmyard manure having
decreased. The quantity of farmyard manure is declining principally as a consequence of
the decreasing number of dairy cows. The action programme which has been imple-
mented 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 management 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 2.17 Emissions from agriculture, total and per gas and subsector.

2.3.8 Land Use, Land Use Change and Forestry

In 2006 the net sink from the land use, land-use change and forestry sector (LULUCF)
was 26 million tonnes of carbon dioxide equivalents. Carbon dioxide removals totalled
25.8 million tonnes, while methane emissions were around 0.01 million tonnes and ni-
trous oxide emissions around 0.11 million tonnes. As an aggregate for all types of land
use now reported in the LULUCEF sector, the sector contributed to an annual sink for
carbon dioxide in Sweden over the period 1990-2006.
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Figure 2.18. Removals by sinks and emissions of greenhouse gases from the Land Use, Land Use
Change and Forestry sector.

The size of the sink varied slightly over the period 1990-2006, but the trend points to-
wards a somewhat decreasing sink from this sector.The decreasing sink is mainly due,
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among other things, to an increase in felling. According to Swedish National Board of
Forestry statistics, felling ranged between 64 Mm® and 86.8 Mm’ over the period 1990-
2006, with the exception of 2005 when the felling was estimated to 122 Mm”®. However,
the uncertainty is greater in LULUCF data for 2004-06 since the full record of sample
plots have not yet been included in the estimates for these years..

2.3.9 Waste

Total emissions from the waste sector in 2006 amounted to 2.1 million tonnes of carbon
dioxide equivalents or 3.1 % of total greenhouse gas emissions. In comparison with 1990,
emissions were around 34 % lower in 2006. Emissions from the waste sector are domi-
nated by methane emissions from landfills, with around 90%, while nitrous oxide emis-
sions from wastewater account for almost 7% and carbon dioxide emissions from incin-
eration of hazardous waste for just over 3 %.
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Figure 2.19 Emissions from Waste sector, total and per subsector.

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

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 of the amount of
degradable material deposited in landfills.

A tax on landfill waste was introduced in 2000, and bans on the landfill disposal of
combustible waste (in 2002) and organic material (in 2005) have subsequently been in-
troduced. These bans have now had an effect. In 2006 the total amount of household
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waste deposited has decreased by 72 % compared to the level in 2002 and with 84%
compared to 1990. Also the landfilling of other waste fractions has decreased signifi-
cantly. Sludge from the pulp industry has for example previously been the most important
industrial organic waste category deposited. Today the sludge from pulp industry is either
incinerated or composted. Between 2005 and 2006 the emissions of methane decreased
by around 4% and the decrease is mainly due to the bans on landfills disposals.

Nitrous oxide emissions from wastewater handling were around 138 ktonnes of car-
bon dioxide equivalents in 2006 and accounted for 0.2% of total emissions. Emissions
have fallen by 29% since 1990.

Carbon dioxide emissions from incineration of waste were around 71 ktonnes in
2006. 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 quantity of
waste being incinerated as capacity has increased since 2003.

2.3.10 International bunkers

Emissions from international bunkering of fuels amounted to around 9.3 million tonnes of
carbon dioxide equivalents in 2006. This includes refuelling in Sweden and then use by
international navigation and international aviation, and emissions from this fuel are not
included in the reporting of total emissions from Sweden. International bunkering of fuel
is substantially greater than fuel use for domestic navigation and aviation.
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Figure 2.20 Emissions from international bunkers, total and per subsector.

Emissions from international navigation totalled 7.3 million tonnes of carbon dioxide
equivalents in 2006. This is an increase of 7.5 % compared with 2005 and just over 220
% since 1990. Part of the explanation is that international freight transport activity has
increased due to an increased quantity of freight and globalisation of trade and the sys-
tems of production having led to freight being transported over longer distances. Another
explanation is that Swedish refineries are producing low-sulphur Eo2-5, which fulfils
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strict environmental requirements. This has led to more shipping lines having chosen to
refuel in Sweden. The fluctuations in bunkered volumes between different years depends
on the price of fuel in Sweden in comparison with other ports in other countries.

Emissions from the international bunkering of aviation were around 2 million tonnes
of carbon dioxide equivalents in 2006, which was almost 0.7 million tonnes or 50 %
higher than in 1990. Emissions from international bunkering of aviation have varied over
time. The long-term trend is for a sharp increase, although there were declines in the early
1990s and the early part of the current decade. International departures have increased
with all the world’s regions as destinations and China standing out in particular. Both
departure and passenger numbers have risen.

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 (NMVOC) totalled around 195
ktonnes in 2006, and emissions have decreased by 48 % in comparison with 1990. Road
traffic and combustion of wood in households dominate emissions, but machinery, some
industrial activity and use of solvents are also significant for emissions. Road traffic leads
to the greatest emissions in the area of transport, but road traffic has also shown the great-
est 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 around 65 kton-
nes in 2006, a decrease of 21% 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 2.21 Total emissions of NMVOC and emissions from the different sectors.
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2.4.2 NOx

Emissions of nitrogen oxides amounted to around 175 ktonnes in 2006, a decrease of 44%
in comparison with 1990. Nitrogen oxides are formed in all combustion in the energy and
transport sectors, and the largest emission sources are road traffic, machinery, navigation
and production of electricity and heating.

Emissions of nitrogen oxides from the energy sector totalled almost 70 ktonnes in
2006, a decrease of 37% compared with 1990. The largest sources of emissions are ma-
chinery in industry, agriculture and forestry and combustion in the production of electric-
ity and heating and in industry.

19 % of emissions in the energy sector in 2006 came from electricity and district heat-
ing production. As a result of the NOy charges introduced in the early 1990s and the
cleaning measures stimulated as a result, the contribution of the energy sector has also
decreased. Some variation is visible over the years which is related to temperature and
consequently the need for heating and to precipitation, which affects the need for com-
bustion-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 around 18 % of emissions of nitro-
gen oxides by the energy sector (excluding transport). Machinery in agriculture and for-
estry taken together account for roughly the same proportion of energy sector emissions
as industrial machinery, 15 % in 2006. These emissions have decreased in recent years
and the main reason is that newer machines with lower emissions are used to a larger
extent.

Traffic is a large source of emissions of nitrogen oxides, and the emissions come
largely from road traffic with 79 ktonnes in 2006, but the introduction of catalytic con-
verters 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 NOx have consequently halved since 1990. NOx emission from
international navigation have increased by 218% since 1990 and in 2006 were 147 kton-
nes, while national navigation accounted for 6 ktonnes.
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Figure 2.22 Total emissions of NOx and emissions from the different sectors.

243 CO

Emissions of carbon monoxide have developed in the same way as NOy emissions. Emis-
sions have decreased from around 974 ktonnes in 1990 to around 578 ktonnes in 2006. 44
% of emissions came from the transport sector and 39% from the ‘Other Sectors’.

Energy sector emissions of carbon monoxide increased from around 278 ktonnes in
1990 to around 297 tonnes in 2006. 76 % of emissions from the energy sector came from
household energy use. In recent years these emissions have varied with the need for heat-
ing.
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Figure 2.23 Total emissions of CO and emissions from the different sectors.
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244 SO,

Sulphur dioxide emissions come form the energy, transport and industry sectors and con-
tinued to decrease during the 1990s. In 2006, emissions totalled around 39 ktonnes, which
is a decrease of 64% 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 heat-
ing.
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Figure 2.24 Total emissions of SO, and emissions from the different sectors.

Energy sector emissions of sulphur dioxide (excl. transport) continued to decrease during
the 1990s and in 2006 emissions totalled almost 23 ktonnes, a decrease of almost 64 %
compared with 1990. The continued decrease is due to a shift from fuels with higher sul-
phur levels to low-sulphur fuels, both for industry and for production of electricity and
district heating. The sulphur tax introduced in 1991 has been significant in this shift.
Other factors which contribute to reduced emissions include the consideration of indus-
tries under the Environmental Code. Between 2005 and 2006 there was a slight increase
in emissions which can be a result of increased combustion in all sectors.

Road traffic emissions of SO, have fallen by 98% since 1990 as a result of lower sul-
phur levels in motor fuels, and totalled 0.09 ktonnes in 2006.

Sulphur emissions from national navigation have decreased since 1990 and now stand
at 2.6 Ktonnes. Environmentally differentiated fairway and port dues are judged to be a
reason for this decrease. However, from 2005 to 2006 sulphur dioxide emissions from
national navigation shipping decreased relatively less than carbon dioxide emissions,
which decreased somewhat at the same time. This may be due to a certain shift to fuels
with a higher sulphur content.

Volumes of bunkered fuel for the portion of international navigation refuelling in
Sweden have more than doubled since 1990, and this had led to a more than doubling of
sulphur dioxide emissions to 77 ktonnes in 2006. New international rules for the sulphur
content of fuel have been introduced with effect from the second half of the year, and a
revision of the emissions figures has been started as it is unclear to what extent this has
affected the sulphur levels of fuel sold.
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3 Energy (CRF sector 1)

3.1 Overview

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 geo-
graphical position, with low mean annual temperatures and low population density, 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 emis-
sions of carbon dioxide dominate overwhelmingly in this sector. However, carbon diox-
ide 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.’

In the energy sector, emissions of CO, contribute about 96 % of total greenhouse gas
emissions (in CO, equivalents). The Transport sector is the largest contributor of emis-
sions, followed by Energy Industries and Manufacturing Industries and Construction.
Total emissions of CO, have varied during the period 1990 to 2006, but in 2006 the level
are about 9% lower than in 1990. Emissions of total greenhouse gases from the energy
sector have decreased by 8.7 % from 53,398 Gg CO, equivalents in 1990 to 48,737 Gg
CO; equivalents in 2006, mainly due to reduced fossil fuel consumption in the Residen-
tial sector.

3.2 Source category description
3.2.1 Energy Industries, CRF 1A1

3.2.1.1 PUBLIC ELECTRICITY AND HEAT PRODUCTION, CRF 1A1A

Swedish production of electricity is characterized by large proportions of hydropower 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 between 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 produc-
tion since less electricity can be produced 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. 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 in-

o Ministry of the Environment, 2001
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creased from electricity and heat production because of the increased burning of biomass
fuels.

Electricity is an important energy source in the manufacturing industry, which is
dominated by the pulp and paper and the steel industry.

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 20006,
55% of all fuels used for district heating were biomass while waste accounted for 19 %.
In 1990, 15% of fuels used were biomass and 15 % was waste. During the same period,
there has been a large increase in the use of district heating from 90 PJ (1990) to 165 PJ
(2006) but, due to the more frequent use of biomass, greenhouse gas emissions from dis-
trict heating are at a lower level in 2006 than in 1990."

The number and distribution of Swedish power stations in 2005 are presented in Table
3.1."

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 in-
creased.

Table 3.1 Number and distribution of Swedish energy stations in 2005.

Type of plant Number of plants Production GWh
Total power stations 1848 159058
Power generation not based on fuels 1685 73712
- Wind 760 949
- Water 925 72763
Power generation based on fuels 163 85346
- Nuclear power 4 72691
- Power and heat production 159 12655
- Manufacturing industries, ISIC 10- 41
37
- Energy plants, ISIC 40 100
- Others 18 |

3.2.1.2 REFINERIES, CRF 1A1B

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. Refinery outputs referred to as refined products
generally contain negligible amounts of methane and should thus not be estimated ac-
cording to the IPCC Guidelines. There are five refineries in Sweden. Three of these refin-
eries produce fuel products such as gasoline, diesel and heating oils. The other two refin-
eries mainly produce bitumen products and naphtenic special oils. One facility has a cata-
lytic cracker and four of the facilities have sulphur recovery plants.

10 All numbers are according to data used in the Greenhouse gas inventory submission 2008
Statistics Sweden EN11SM 0701 2007. Data for 2006 are presently not available.
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3.2.1.3 MANUFACTURE OF SOLID FUELS AND OTHER ENERGY
INDUSTRIES, CRF 1A1C

The sector is dominated by 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.

3.2.2 Manufacturing Industries and Construction, CRF 1A2

A limited number of industries account for the majority of industrial energy use, i.e. the
pulp and paper industry, iron and steelworks and the chemical industry together account
for about 70 % of the energy used. 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.

In 2006 there were 47 paper mill plants, 170 sawmills (production capacity >10 000
m’/year) and 44 pulp industry plants in Sweden. In total, they were producing 12.1 mil-
lion tonnes of paper, 18.0 million tonnes of sawn timber and 12.2 million tonnes of
pulp.'

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
producing steel based on scrap iron. The Swedish iron and steel works produced 3.6 and
1.9 million tonnes of steel, respectively, in total in 2006."

The chemical industry produces a number of different products such as chemicals,
plastics, solvents, petrochemical products etc. In total, around 60 plants are included, of
which ten use roughly about 90 % of the energy according to the activity data used for
emission calculations for this sector.

3.2.3 Transport, CRF 1A3
On average, Swedish citizens travel 44 km per individual per day by various modes of
transport. The Swedish road network comprises around 137,000 km of public highways,
and road traffic is the dominating mode for both transport of goods and persons. Road
traffic accounts for the largest increase in CO, emissions since 1990, whereas emissions
from civil aviation and railways have decreased. The car is the most common mode of
transport in Sweden, regardless of purpose, and is used for almost 60 % of all journeys.
Car travel is also the third most common way of travelling abroad, after air and sea
travel.™

Energy use in the transport sector is mainly confined to various oil products such as
gasoline, diesel and aviation fuel. Energy use in this sector has been rising since 1970, as
a consequence of the overall growth in transport and, hence, the emissions of carbon
dioxide have also risen. Since 1990, the use of catalytic converters has increased, result-
ing in reduced emissions of methane, NMVOC and NOx, but increased emissions of
N,0."

12 The Swedish Forest Industries Federation, 2007-09-22
The Swedish Steel Producers” Association, 2007-09-22
Ministry of the Environment, 2001.

15 Ministry of the Environment, 2001.
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3.2.4 Other sectors, CRF 1A4
CRF 1A4 includes emissions from combustion in the commercial sector, institutions,
house-holds, agriculture, forestry and fishing. The largest users of energy are dwellings
and premises. In Sweden, the heated area in this sector is 590 million m?, of which
households have a heated area of 425 million m” and premises have a heated area of 165
million m?."®

The most common ways of heating these areas are by district heating and electricity.
For premises, the area heated with district heating only has increased from 43% in 1990
to 59% in 2005, while the area heated with oil only has decreased from 22% in 1990 to
4% in 2005. For multi-dwellings, the area heated with district heating only has increased
from 67% in 1990 to 77% in 2005. The area heated with oil only in multi-dwellings has
decreased from 15% in 1990 to 2% in 2005. For one- and two-dwellings, there is a minor
increase in the area heated with district heating only (7% in 1990 to 8% in 2005). How-
ever, for one- and two-dwellings the area heated with oil only has decreased from 13% in
1990 to 6% in 2005.

Changes in energy use in agriculture, fishing and forestry have been small since 1990.
Mobile machinery and off-road vehicles accounted for about 25 % of the energy con-
sumed in Other sectors in 2006.

3.2.5 Other, CRF 1A5

CRF 1A5 includes emissions from military transports and pressure levelling losses of
natural gas. Emissions from military transports have decreased over the years 1990-2005
due to a decrease in activity.

3.2.6 Fugitive emissions, CRF 1B
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 extraction 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 include flaring of fuels in the iron and steel industry,
refineries and the pulp and paper industry, transmission losses of gas works gas, storage
and handling of oil in refineries, depots and gasoline distribution.

3.3 Methodological issues

3.3.1 Sources for activity data in CRF 1A and parts of CRF 1B

Activity data used in the energy sector is mainly based on statistics on fuel consumption.
In the sections 3.3.1.1 to 3.3.1.7, the various energy surveys, produced by Statistics Swe-
den, are described. Other data sources are described in sections 3.3.1.8 and 3.3.1.9. A

16 Statistics Sweden EN16SM0604
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compilation of energy consumption for stationary combustion in 2006 per CRF code and
fuel type is shown in Annex 3. Energy consumption for mobile combustion is discussed
in section 3.3.4.3.

Activity data on gas/diesel oil (IPCC classification) is derived from fuel statistics on
domestic heating oil and diesel oil (Table 3.2). Table 3.2 also shows that there is a dis-
tinction in the definition for emission reporting between gas/diesel oil used for navigation
and for other combustion.

Table 3.2 Specification on Swedish fuel types included in the IPCC fuel type gas/diesel oil.

Emission reporting

IPCC classification Fuel statistics Navigation Other combustion

Domestic heating oil Marine gas oil Domestic heating oil

Marine distillates
Diesel oil Marine diesel oil Diesel oil

Gas/diesel ol

3.3.1.1 QUARTERLY FUEL STATISTICS
Quarterly fuel statistics are used as follows:

e All years for data on stationary combustion in the CRF sector 1Ala, in CRF
1Ab (reference approach) for data on biomass, waste and peat, and finally in
CRF 1Ad for data on feedstocks and non-energy use of fuels.

e 1990-1996 for information on in-house (own-produced) fuels in CRF 1Alb-c,
1A2, 1B1, 2C and 2D since the industrial energy statistics did not cover own-
produced fuels during these years.

e 1997-1999 and 2003-2006 for stationary fuel-related emissions in CRF 1A1b-
¢, 1A2, 1B1, 2C and 2D.

e 2000-2002 for data on fuel combustion for back pressure power in CRF
1A2c-e, both sold and consumed at the producing plant. This is due to that the
industrial energy statistics (which is the main data source for industries 2000-
2002) has been found not to cover fuel consumption for back pressure power.

Quarterly fuel statistics are carried out as a postal sample survey sent to all working
units."” The sample to the quarterly fuel statistics is based on the sample for the yearly
industrial energy statistics, except for electricity and heat production for which the quar-
terly fuel statistics is a total survey. Data are collected from all companies in electricity
and heat production, all companies in the pulp and paper industry and all companies in
the manufacturing industry with more than nine employees and annual fuel combustion of
more than 325 tonnes.

The survey should cover all fuel consumption, both own-produced and purchased fu-
els. How-ever, in some cases it has been noted by the inventory staff that not all in house
fuels are covered. In those cases supplementary data has been collected to assure com-
plete time series (section 3.3.1.9 and 3.3.4.2). In the survey form, respondents are also
asked to specify whether fuels are used as raw materials or for energy purposes. This
facilitates the use of the data for CRF table 1Ad, non-energy use of fuels.

17 A company may consist of several working units, that is could be located in several places (factories).
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To achieve a better sample frame, the quarterly fuel statistics are upgraded with informa-
tion from the most recent year when the industrial energy statistics were a total survey,
i.e. the sample frame for the quarterly fuel statistics for 1999 were upgraded with the
information from the 1996 industrial energy survey, the sample frame for 2001 was up-
graded with information from the 2000 industrial energy survey and the sample frame for
2006 will be up-graded with information from the 2005 industrial energy survey. The
response rate to the quarterly fuel statistics is almost 100 % for ISIC 40 (that is, CRF
1Ala) and about 90 % for industries. The non-respondents among the industries are often
small companies, which mean that much more than 90% of consumed energy is covered
in responses to the survey. To compensate for companies not included in the sample and
companies not responding to the survey, all fuel consumption is enumerated with an
enumeration factor which is produced from information on the line of business, number
of employees and business volume from the most recent year when the industrial energy
statistics were a total survey (as discussed above). There is, however, no enumeration for
manufacturing industries with less than 10 employees.

The quarterly fuel statistics for each year are compiled and ready for use at approxi-
mately the end of March the year after. This gives enough time to process the data for the
greenhouse gas inventory. In earlier submissions of the greenhouse gas inventory, the
industrial energy statistics have been preferred when possible. However, the quarterly
fuel statistics will for the years to come be the main data source for stationary combustion
in CRF 1Ala-1A2f. This is due to the fact that industrial energy statistics are compiled
too late for the greenhouse gas inventory (actually ready after data should be submitted
from Sweden), but also because the industrial energy statistics does not, for instance,
cover fuel combustion for back pressure power. During the few last years of work with
the inventory, it has become clear that for the purpose of the inventory, quarterly fuel
statistics are better suited than industrial energy statistics.

In the inventory, data on plant level and by fuel type is used. Data for the iron and
steel industry is processed to suit the needs of the inventory, see also section 3.3.4.2. The
properties of the quarterly fuel statistics are summarised in Table 3.3.

Table 3.3 Summarised properties of quarterly fuel statistics used in the inventory.

Year Type of survey Coverage Adjustments Quality
1990-1996 Quarterly sample survey to Working units in Enumeration to Good
companies with more than 9 energy industries and reach the level of
employees consuming more manufacturing indus- industrial energy
than >325 toe within manufactur- tries, all fuel combus- statistics
ing industries and to all compa-  tion of in-house fuels
nies in energy industries and
pulp and paper industries
1997-2006 Quarterly sample survey to Working units in Enumeration to Good

companies with more than 9
employees consuming more
than >325 toe within manufactur-
ing industries and to all compa-
nies in energy industries and
pulp and paper industries

energy industries and
manufacturing indus-
tries, all fuel combus-
tion

reach the level of
industrial energy
statistics
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3.3.1.2 INDUSTRIAL ENERGY STATISTICS

The industrial energy statistics are used for emissions from stationary combustion in the
CREF sectors 1Albe, 1A2, 1B1, 2C and 2D 1990-1996 and 2000-2002 (the latter except
fuel combustion for back pressure power, which is not covered by industrial energy statis-
tics but by quarterly fuel statistics). The industrial energy statistics for 1997-1999 is not
used in the inventory since the quality was not considered sufficiently good to be used for
emission calculations. Instead, data from the quarterly fuel statistics has been used for
these years.

Since submission 2005, regarding emissions in 2003 and later years, industrial energy
statistics are not used as a base for estimating emissions in the inventory. This is, as dis-
cussed in the chapter above, mainly because the inventory must be submitted before the
industrial energy statistics are completed, but also because the industrial energy statistics
does not cover fuel combustion for industrial back pressure power. Instead, quarterly fuel
statistics is used and the industrial energy statistics is only used to verify or correct data
for single plants if errors are suspected in the quarterly fuel statistics.

The industrial energy statistics are based on an annual survey of manufacturing com-
panies. In 1990-1996, 2000 and from 2004, all companies with more than 9 employees
are included. In 1997-1999 and in 2001-2003 it was conducted as a sample survey to
companies with less than 50 and more than 9 employees, and as a total survey to all com-
panies with more than 50 employees. In 1990-1996, only purchased fuels were surveyed
but, since 1997, information on all fuel consumption has been collected except fuel com-
bustion for back pressure. In the greenhouse gas inventory, fuel combustion for back
pressure power s instead collected from the quarterly fuel statistics.

The response rate to the industrial energy statistics is about 85 %. To compensate for
non-response, fuel consumption is enumerated with an enumeration factor based on the
line of business, number of employees and business volume. There is no enumeration for
manufacturing industries with less than 10 employees. A special form is sent to electricity
producing companies within manufacturing industries, where the amounts of fuels used
for electricity production and manufacturing purposes are specified. All manufacturing
industries with electricity production are included in the survey every year. In the inven-
tory, all data used are on plant level and by fuel type. An overview of the industrial en-
ergy statistics used in the inventory for 1990-2002 is given in Table 3.4.
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Table 3.4 Summarised properties of industrial energy statistics used in the inventory.

Year Type of survey Coverage Adjustments Quality
1990-1996 Annual total survey to all Working units, Enumeration to repre-  Not so good quality
companies with more purchased fuels, sent all companies for quantity, good
than nine employees quantity and with more than 9 quality for eco-
economic value  employees nomic value
of purchased
fuels
1997-1999 Annual total survey to all Working units Enumeration to repre-  Good on national
companies with at least  purchased and sent all companies level and on coarse
50 employees and a own-produced with more than 9 branch level, poor
stratified sample of fuels employees for single fuel types
companies with 10-49 and single
employees branches
2000 Annual total survey to all Working units, No adjustments Excellent
companies with more purchased and
than nine employees own-produced
fuels
2001-2002 Annual total survey to all Working units, Enumeration to repre- Good
companies with atleast  purchased and sent all companies
50 employees and a own-produced with more than 9
stratified sample of fuels employees
companies with 10-49
employees
3.3.1.3 ONE- AND TWO-DWELLING STATISTICS

One- and two-dwelling statistics are used, together with holiday cottages statistics and
multi-dwelling statistics, to calculate emissions from stationary combustion in house-
holds, CRF 1A4b.
This sample survey is conducted annually to collect data on the use of electricity and
heat for a total of 7,000 one- and two-dwellings. Until 1999, the survey has a random
sample from a real estate assessment, which includes all dwellings with a value higher

than 50,000 SEK (about 5,600 €). From 2000, all dwellings used as permanent dwelling
are included in the sample. Every third year, a postal survey collects data from agricul-
tural properties. The sample in this sector is 3,000 objects. Activity data in the inventory
is taken from yearly reports prepared by Statistics Sweden.'® Data is on national level by
fuel type and considered to be of relatively good quality.

3.3.1.4 HOLIDAY COTTAGES STATISTICS

Holiday cottages statistics, together with one- and two-dwelling statistics and multi-
dwelling statistics, is used to calculate emissions from stationary combustion in house-
holds, CRF 1A4b.

Holiday cottages are defined as residences with no permanent residents. Energy con-
sumption in holiday cottages has been surveyed only two times in the last thirty years,
1976 and 2001. In 2002, Statistics Sweden carried out a stratified sample survey to house
owners, covering 1500 of the estimated 750 000 holiday cottages in Sweden 2001."° Re-

18 Statistics Sweden EN20SM, 1990-2006.
Statistics Sweden, 2002
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sults show that electricity and biomass combustion are the two dominating sources of
heating in holiday cottages.°

3.3.1.5 MULTI-DWELLING STATISTICS

Multi-dwelling statistics, together with one- and two-dwelling statistics and holiday cot-
tages statistics, is used to calculate emissions from stationary combustion in households,
CRF 1A4b.

This is a sample survey carried out each year, sent to the owners of 7,000 multi-
dwelling buildings, covering the use of electricity and heat. The survey is based on a
random sample from a real estate assessment. The real estate assessment includes all
dwellings with an economic value higher than 50,000 SEK (about 5 600 €). Activity data
in the inventory is taken from reports prepared by Statistics Sweden'®. Data is on national
level by fuel type and of relatively good quality. Statistics on biomass consumption in
multi-dwelling buildings was not included in the survey until 2001.

3.3.1.6 PREMISES STATISTICS
Premises statistics are used to calculate emissions from stationary combustion in the
commercial and institutional sector, CRF 1A4a.

This survey is a sample survey carried out each year, covering the use of electricity
and heat of about 8,000 premises. Premises situated in an industrial area are not covered
in the dataset. These premises are covered in the yearly industrial energy statistics as well
as in the quarterly fuel statistics and are reported in Manufacturing Industries and Con-
struction (CRF 1A2). Activity data in the inventory is taken from reports prepared by
Statistics Sweden?'. Data is on national level by fuel type and of relatively good quality.
Statistics on biomass consumption in premises was not included in the survey until 2001.

3.3.1.7 STATISTICS ON THE SUPPLY AND DELIVERY OF PETROLEUM
PRODUCTS

Statistics on the supply and delivery of petroleum products are used to calculate emis-

sions from mobile combustion. Data from the survey is used at national level and by fuel

type. Emissions are reported in CRF 1A2f, 1A3, 1A4b, 1A4c, 1AS5b, 1B2a v and 1C.

These statistics are also used for the reference approach in CRF 1Ab for all fuels except

biomass, waste and peat.

In the monthly postal survey, data is collected from all 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. All 70 companies are included in the survey. Fuels used for domestic and in-
ternational navigation are separated. The only fuels not covered are biomass, waste and
peat.

All figures are double-checked by both Statistics Sweden and all wholesale dealers.
The results are published by Statistics Sweden?'.

20 Biomass consumption in holiday cottages stands for about 6 % of the total consumption of biomass in CRF
Adb
! Statistics Sweden EN20SM, 1990-2006
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3.3.1.8 STATISTICS ON THE DELIVERY OF GAS PRODUCTS

Statistics on the delivery of gas products are used to calculate emissions from natural gas
from road transport (CRF 1A3b), pressure levelling losses of natural gas (CRF 1A5a) and
transfer losses of gas works gas (CRF 1B2avi). Annual questionnaires are sent to all
companies in Sweden that deliver natural gas and gasworks gas (eight companies in
2004). Consumption purposes are specified in the survey. Results of this survey are pub-
lished by Statistics Sweden”.

3.3.1.9 OTHER STATISTICS FROM STATISTICS SWEDEN

Data used in the inventory for stationary fuel consumption in the construction sector, in
all companies with less than 10 employees (CRF 1A2f), in agriculture and in forestry
sectors (CRF 1A4c) is taken from Statistics Sweden®'.Data is on national level and by
fuel type. Fuel consumption for these sub-sectors has been estimated with the aid of ex-
trapolations of older data, adjusted for each year on the basis of added value or number of
working hours to estimate the fuel consumption. Total consumption for these sectors is
checked against fuel deliveries, so that possible errors only occur in the allocation be-
tween these sectors.

Data on fuel consumption for the construction sector is based on a survey from
1985,% up-graded with the number of working hours for each year. Data on fuel con-
sumption in the agricultural sector is based on two intermittent surveys, for gardening®
and agriculture.?* The first survey is a sample survey that collects data on energy use in
greenhouses and has been carried out for 1990, 1993, 1996, 1999 and 2002. Data for
intermediate years is estimated using number of working hours. The second sample sur-
vey collects data for energy use in the other parts of the agricultural business and has
been performed for 1994 and 2002 (fuel consumption in households in the agricultural
sector is not included here but is included in the one- and two-dwellings statistics). Data
for intermediate years is estimated using annual changes in value added.

Fuel consumption in the forestry sector has not been investigated thoroughly since
1985. Estimates are upgraded from this investigation with available statistics on the
yearly felling volume 1990-1995 and from 1996 value added are used.

Fuel consumption in small companies (9 employees or less) is estimated using a
model. Fuel consumption for companies with 10-49 employees is taken from the indus-
trial energy statistics and the average use of fuel per employee is calculated. The two
information sources are combined to estimate the fuel consumption in small companies.

Consumption of coal in coke ovens is used for calculation of energy transformation
losses in the iron- and steel industry, CRF 1A2a (section 3.3.4.2). Data is based on infor-
mation from the plants, published by Statistics Sweden.?

3.3.1.10 OTHER DATA SOURCES
Most data on fuel consumption in refineries, CRF 1A1b, and chemical industries, CRF
1A2c, is collected directly from the companies (section 3.3.4.2). Companies are some-

22 Statistics Sweden, 1986
Statistics Sweden JO36SM, 1991, 94, 97, 2000, 2003, 2006
Statistics Sweden J63SM, 1995, 2003
Statistics Sweden, EN20SM 1990-2006.
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times also contacted to verify or correct data that is suspected to contain errors. Data from
the European Union Emission Trading Scheme (ETS) is used since submission 2007 for a
number of plants when the energy statistics is not available or considered to be of too low
quality. As a result of a dedicated SMED study during 2006%, ETS data is applied for
four refinery plants (CRF 1A1b) for 2005 and 2006. In addition, ETS data is used for one
plant in CRF 1A2e for 2006.

For emissions from mobile combustion, CRF 1A2f, 1A3, 1A4b-c and 1A5, data from
the Swedish National Rail Administration, the Swedish National Road Administration
(SNRA), the Swedish Biogas Association, the Swedish Civil Aviation Authority (SCAA),
the Swedish Armed Forces and several official reports is used (section 3.3.4.3).

3.3.2 Thermal values

Unless otherwise stated, thermal values for each fuel type are produced by Statistics
Sweden based on information from energy surveys. All thermal values refer to net calo-
rific values (NCV) as recommended by the IPCC Guidelines. All thermal values includ-
ing references are enclosed in Appendix 18. Most thermal values are calculated on basis
of chemical qualities and are considered to be of good quality.

In the inventory, activity data on many fuel types are reported in ton oil equivalents
(toe), which is an energy unit. For these fuels the conversion factor of 41.87 GJ/toe is
applied. In the energy surveys done by Statistics Sweden, these fuels are reported in mass
unit/volume unit as well as the energy content (due to that the thermal value often varies a
lot for these fuel types). To facilitate data processing, Statistics Sweden calculates the
energy content in toe from this information and the result is then used in the greenhouse
gas inventory. This implies that the energy content of fuels concerned is very precise.

Fuels that are standardized products, such as for instance residual fuel oil or liquefied
petroleum gas (LPG) have got thermal values that do not change between years. During
2005, a meeting was held with all organisations in Sweden that are working with and/or
have expertise in thermal values relating to the greenhouse gas inventory?’. The purpose
of this meeting was to increase the understanding of how thermal values are used in the
inventory and to identify possible needs of improvements. Besides revisions made in
submission 2006, the meeting noticed that the thermal value for biogas used for transports
(this amount increases each year) is not known and as a temporary solution the thermal
value for natural gas is used. The meeting also questioned the quality of the thermal value
for ethanol, which currently comes from the Swedish biogas association. Finally, the
thermal value for Fatty Acid Methyl Ester (FAME) is of unknown quality.

3.3.2.1 LIQUID FUELS

For diesel oil the thermal value used in the inventory shows a decreasing trend. In Swe-
den, this fuel type is separated into three different fuel classes; diesel of environmental
classes (EC) 1-3. EC 1 has the best environmental performance from an environmental
point of view, for instance lower content on aromatic hydrocarbons. EC 1 also has a
lower thermal value. EC 3 affects the environment most and has a higher thermal value.?®

2 Backman & Gustafsson, 2006
Minutes from a meeting at the Swedish Energy Agency 21 June 2005.

2 http://www.spi.se/produkter.asp?art=48 , 2005-10-17.
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In 1990, EC 3 was the most common type of diesel. Over the years, the use of environ-
mental class 3 has decreased and instead environmental class 2 and 1 are more common.
In the inventory the mix of environmental class 1-3 used each year is taken into account
when calculating a thermal value, which is appropriate for each year.

Thermal values for different oils (except oils used in navigation) are based on infor-
mation from the Swedish Petroleum Institute (SPI), which in turn is based on information
from oil companies and is crosschecked with Swedish standards for calculating thermal
values.

In submission 2005, thermal values for gas/diesel oil, tall oil and residual fuel oil in
all sectors as well as kerosene in stationary combustion, were revised by the Swedish
EPA. Thermal values for domestic heating oil and residual fuel oil for stationary combus-
tion were altered due to new information from SPI. The thermal value for domestic heat-
ing oil was assumed to be equivalent to diesel oil environmental class 3, and thermal
values for kerosene in stationary combustion were revised to improve consistency with
thermal values for mobile combustion and with thermal values used in the industrial en-
ergy statistics.

Thermal values for marine diesel oil, marine gas oil and residual fuel oil used for
navigation were reviewed and revised in a SMED study in 2004.%° Data for other petro-
leum fuels are surveyed by Statistics Sweden, and the conversion factors of these fuels
are set to 41.87 Gl/toe.

Thermal values for refinery gases and other oils in refineries are calculated for each
operator and fuel (see discussion in section 3.3.4.1). Data is collected on consumption of
fuels in tonnes and corresponding thermal values. To fit the calculation system used in the
inventory, data is converted to toe and the conversion factor thereby set to 41.87 GJ/toe.

The thermal value for petroleum coke is based on information from consumers taken
from the different energy surveys done by Statistics Sweden and is therefore considered
to be of good quality. The thermal value for diesel used for stationary combustion is ac-
cording to SPI likely approximately the same mix of environmental classes as mobile
diesel for each year. Using the same thermal values as for mobile diesel therefore give
correct time series.

3.3.2.2 SOLID FUELS

For coke oven gas, blast furnace gas and steel converter gas the thermal values change
between years, but there is no trend in the changes, just annual fluctuations due to the
quality of used primary fuels each year. Thermal values used in the inventory are based
on annual information from the consumers (quite few) on actual energy content, and the
quality of the thermal value is considered to be very good.

For carbon products such as coal and coke, it is difficult to establish the thermal value
due to lack of information on energy content in imported fuels. Data for peat and other
solid fuels is reported to Statistics Sweden through a survey to consumers in toe, and the
conversion factors are thereby set to 41.87 GJ/toe for these fuels.

2 Cooper & Gustafsson, 2004.
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3.3.2.3 GASEOUS FUELS

Natural gas is a non-processed primary fuel, and hence the thermal value changes be-
tween years, however without any trend. All natural gas consumed in Sweden is imported
from Denmark. Statistics Sweden receives annual information on current thermal values
for natural gas from the Danish Energy Authority. Thermal values for 2001 and later
years are according to information from the Danish Energy Authority. Thermal values for
1990-2000 are taken from the Danish NIR submission 2004.

3.3.2.4 BIOMASS

Data for wood, black liquor, tall oil, landfill gas and other biomass, other petroleum fuels,
other solid fuels and other not specified fuels is reported to Statistics Sweden by surveyed
consumers in toe, and the conversion factors are thereby set to 41.87 GJ/toe for these
fuels.

3.3.2.5 OTHER FUELS

Data for waste and other not specified fuels is reported to Statistics Sweden through a
survey to consumers in toe, and the conversion factors are thereby set to 41.87 GJ/toe for
these fuels.

3.3.3 Emission factors
Emission factors are enclosed in Appendix 18, where emission factors revised in Submis-
sion 2008 are typed in red.

Emission factors for CO, and SO, depend on the content of carbon and sulphur in the
fuels. For SO,, the emissions also depend on how efficient the emission control in the
plant is, for instance if scrubbers are used. For most fuels, the CO, emission factors do
not change over the years. One exception is the emission factor for CO, from diesel oil.
As discussed for the thermal values above (3.3.2.1), there are three environmental classes
(EC) for diesel oil in Sweden, and the emission factor used each year reflects the mix of
EC: s that year.

Other emission factors depend on area of consumption and/or the used combustion
technique. The efficiency of emission control in the plant is also important. Therefore,
these emission factors change over the years as ovens, combustion technique and emis-
sion control used becomes better.

3.3.3.1 STATIONARY COMBUSTION AND FUGITIVE EMISSIONS
National emission factors used in Submission 2004 and earlier were calculated by the
Swedish EPA for 1990-1995. For 1996-2002, the same emission factors as for 1995 were
applied. The emission factors were used for emissions from stationary combustion (and
for fugitive emissions where no other sources were available). They are based on results
of measurements and national studies as well as studies of international emission factors
and judgements of their relevance to national conditions. Emission factors depend on the
type of fuel, and the type of plant and abatement equipment.

During 2004, an inventory and review of emission factors for stationary combustion
was con-ducted. The basis for this inventory was reported data from different national
sources, such as the company's environmental reports, research reports etc. The study
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focused on common fuel types where the existing emission factors were uncertain or
known to be inaccurate. The study is published in a SMED report.*® The primary aim was
to revise emission factors for stationary combustion for 1996-2002, but in a few cases it
was necessary to revise emission factors for the early 1990s as well, to avoid inconsisten-
cies. It was not possible to study existing emission factors for 1990-1995 in more detail
since documentation and/or data sources were insufficient for these years. Resulting
emission factors have been used since submission 2005.

During 2002, an inventory and review of emission factors for NMVOC, 1988-2001,
was conducted. For stationary combustion and fugitive emissions within the energy sec-
tor, emission factors were derived and used together with activity data from the official
national energy statistics to calculate emissions. The emission factors developed for con-
ditions during 1990-2001 are based on knowledge on the technical development and the
general effects of that, as mentioned above. The known effects of this general develop-
ment has been combined with information from companies legal Environmental Reports,
where actual emission factors can be derived, and information from trade associations
where experts have contributed their specific knowledge on the different sectors where
combustion occurs. The study is published in a SMED report.>' Resulting emission fac-
tors has been used since submission 2003.

For some fuels, no specific emission factors are available and thus emission factors
from similar, more common fuels, are used. Fuels concerned are specified in Table 3.5.

Table 3.5 Fuel types for which specific emission factors are not available in the inventory.

Fuel type Emission factor used

Kerosene Gas/diesel ol

Landfill gas Natural gas

Other biomass Wood

Other petroleum fuels Swedish default for “other fuels”

Other solid fuels Swedish default for “other fuels”

Other not specified fuels Swedish default for “other fuels”

Refinery gases Swedish default for “other fuels” except for CO,, SO, and NOx where national

values are used

3.3.3.1.1 Emission factors for CO, for coke oven gas, blast furnace gas and steel con-
verter gas
Emission factors for CO, for coke oven gas, blast furnace gas and steel converter gas for
iron ore-based steel production are national or plant specific. The emission factor used for
coke oven gas and steel converter gas come from the carbon balances that was used by
one of the plants to calculate emissions in 2001. The carbon balances are made to control
the flow of carbon and are based on the carbon content in incoming and outgoing materi-
als:

g? Bostrém et al. 2004
Kindbom et al., 2003.

77



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

Coke oven: coal + blast furnace gas
> coke oven gas + coke + slag + tar + benzene

Blast furnace: coal + coke + iron pellets + limestone + briquettes
> blast furnace gas + pig iron + slag + soot

Steel converter: crude iron + carbide
> steel converter gas + crude steel + slag

The quality of the emission factor seems to be good for coke oven gas in 2001 and gener-
ally for steel converter gas. Unfortunately, carbon balances are only available for one
plant and only for the years 2001 and 2002. Hence the uncertainty of the values is higher
for the years surrounding 1990 (about +/-10 %) than for the years surrounding 2000
(about +/- 5 %).%?

The emission factor for CO, for blast furnace gas is calculated by the Swedish Steel
Producers’ Association. This emission factor is a mean value calculated on the basis of
yearly values for a long period of time. The emission factor seems to be acceptable for
Swedish conditions.

3.3.3.1.2 Emission factors for CO; from refinery gas, petroleum coke and carbide
furnace gas
Due to lack of information on the Swedish conditions, the emission factor used for refin-
ery gases in submission 2005 was the IPCC Guidelines default values. The emission fac-
tor for carbide furnace gas used in submission 2005 was the same as the Swedish default
fuel category “Other fuels”, and for petroleum coke, the same emission factor as for coke
was used. In 2005, a study of the emission factors for CO, from refinery gas, petroleum
coke and carbide furnace gas was carried out.*® It resulted in revisions for all three fuels,
as presented in Table 3.6.

Table 3.6 Emission factors on CO; for carbide furnace gas, refinery gas and petroleum coke
used in submission 2005 and since submission 2006.

Fuel type CO;, factor used in submission 2005 CO, factor since submission 2006
ton CO,/TJ ton CO,/TJ

Carbide furnace gas 60 145

Refinery gas 66.7 59.3

Petroleum coke 103 100

3.3.3.1.3  Emission factors for SO, and NOx from refinery oil and gas

The emission factors used for SO, and NOx in submission 2006 for refinery gas were the
same as those used for “Other petroleum fuels”, which were developed by the Swedish
Environmental Protection Agency in 1995. For refinery oils, the emission factors used in
submission 2006 were the same as for “Residual fuel oil, other consumption” developed
by SMED in 2004. These emission factors are not adjusted to refinery oil, but to conven-
tional residual fuel oil. In a dedicated study conducted by SMED in 2006*, new specific

32 Ivarsson, 2003.
Nystréom & Cooper, 2005.
Nystrom & Skarman, 2006
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emission factors for refinery gas and refinery oil were developed for the whole time series
1990-2004, which are applied since submission 2007, see Table 3.7 below.

Table 3.7 Emission factors for SO, and NOx from refinery oil and refinery gas used in submis-
sion 2006 (Old) and revised factors used since submission 2007 (New). All data are presented
kg/GJ fuel.

n

Inventory SO, Emission factor NOy Emission factor
year Residual fuel oil Refinery gases Residual fuel oil Refinery gases
Old New Old New Old New Old New
1990 0.24 0.53 0.24 0.011 0.17 0.06 0.1 0.076
1991 0.24 0.48 0.24 0.01 0.17 0.06 0.1 0.073
1992 0.24 0.42 0.24 0.008 0.15 0.06 0.1 0.07
1993 0.22 0.37 0.24 0.006 0.15 0.06 0.1 0.068
1994 0.2 0.32 0.24 0.004 0.12 0.06 0.1 0.065
1995 0.18 0.26 0.15 0.002 0.1 0.06 0.1 0.062
1996 0.15 0.26 0.15 0.002 0.1 0.06 0.1 0.06
1997 0.14 0.26 0.15 0.002 0.1 0.06 0.1 0.057
1998 0.13 0.25 0.15 0.002 0.1 0.06 0.1 0.054
1999 0.12 0.25 0.15 0.002 0.1 0.06 0.1 0.051
2000 0.12 0.24 0.15 0.002 0.1 0.06 0.1 0.049
2001 0.11 0.24 0.15 0.002 0.1 0.06 0.1 0.046
2002 0.1 0.23 0.15 0.002 0.1 0.06 0.1 0.043
2003 0.09 0.22 0.15 0.002 0.1 0.06 0.1 0.041
2004 0.09 0.22 0.15 0.002 0.1 0.06 0.1 0.038
2005 0.22 0.002 0.06 0.038

3.3.3.1.4 Emission factors for combustion of biomass in households

In submission 2005 and earlier, only one emission factor for each gas for combustion of
biomass in households was accounted for, including all technologies and all biomass fuel
types. Due to the significant variation in emissions from different kinds of residential
biomass systems depending on type of combustion system, type of fuel and operation
conditions, studies on biomass fuel consumption and emission factors in the residential
sector were performed in 2005 and 2006.

In submission 2006, time series of activity data and CH4 emission factors were re-
viewed and updated.*® New methane emission factors for small scale combustion of wood
log, pellets and wood chips/sawdust were determined (Table 3.8), and an improved
method was used to calculate the emissions. In order to match the activity data categories,
the emission factors were grouped by heating system category and fuel type. The results
showed that methane emissions from wood log combustion are significantly higher com-
pared to pellets combustion. However, significant variations in emission factors occur for
specific combustion appliances and operational conditions.

During 2006, as a follow-up of the revision of methane emission factors in submis-
sion 2006, emission factors for N,O, NOx, CO, NMVOC and SO, for combustion of
biomass in households were reviewed and occasionally revised (Table 3.8)%.

22 Paulrud et al. 2005.
Paulrud et al. 2006.
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For N,O emission factors, no new measurement studies were carried out and no new
information from the literature was found, and thus no adjustments were made. For NOx
emission factors, data from mainly six Swedish studies was used. The emission of NOx
for pellets varied between 30-80 mg/MJ and for wood logs between 20-120 mg/MJ.

The emission factors for CO are mainly based on measured emission data from Swed-
ish residential biomass combustion experiments in the field as well as in the laboratory.
The variation in CO emissions is usually large and the levels may sometimes be very
high, especially from wood log combustion (up to 23700 mg/MJ have been registered).

The previously used value for NMVOC is high, 1975 mg/MJ, in comparison to the
previously used emission factor for methane, 250 mg/MJ. According to a Swedish
study®’, the fraction of methane in VOC (sum of methane and NMVOC) is approximately
20-40 % by weight for pellet boilers and 30-70 % by weight for wood boilers. The re-
vised emission factors for NMVOC now show significantly lower values compared to the
previously used values. This is due to that the new emission factors are based on data
from additional measurements in Swedish residential biomass combustion experiments in
the field as well as in the laboratory.

In previous Swedish emission inventories, the SO, emission factors were based on an
S-content of (0.07 wt % dry fuel) and the assumption that a majority of the sulphur is
bound to the ash. In the 2006 study, a lower S-content was applied (0.01 wt %), but with
the assumption that no sulphur is bound in the ash.

Table 3.8 Emission factors for CHs, N,O, NOx, CO, NMVOC and SO; determined from small scale
combustion of wood logs, pellets and wood chip using different combustion technologies. All
data are presented as mg/MJ fuel.

Combustion technology Fuel Emission factor (average)
CHg4 N.O NOx CO NMVOC SO,

Boilers Wood logs 254 5 80 4000 300 10
Wood chips 203 5 80 1000 150 10
Pellets 3 5 65 300 6 10

Stoves Wood logs 430 5 80 2500 150 10
Wood chips 344 5 80 1000 150 10
Pellets 7 5 65 300 6 10

Open fire places Wood logs 318 5 80 4000 200 10
Wood chips * * * * * *
Pellets * * * * * *

All technologies All biomass 250** 5**  60* 2000** 1975** 30**

* Not relevant. **EF Value in submission 2006.

3.3.3.2 MOBILE COMBUSTION

Emission factors used for mobile combustion calculations are country-specific and de-
fault values from IPCC Guidelines and CORINAIR. These emission factors are further
described in section 3.3.4.3.

87 Johansson, 2004.
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3.3.4 Estimation of emissions from fuel combustion, CRF 1A
Emissions from fuel combustion in Sweden are, if not specifically otherwise stated, deter-
mined as the product of fuel consumption, thermal value and emission factors (EF):

Emissionsg,s (unit) = > Fuel consumption (unit) * thermal valueges * EF el

Different Tiers are used for different sub-sectors as discussed in sections 3.3.4.1- 3.3.4.5
and the result is verified by calculating emissions with the Tier 1 method (reference ap-
proach) as discussed in section 3.3.5.

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 metal industry. Emissions from these fuels are thus accounted for under CRF 2
and methods used are described in section 4.

Several other recalculations have been carried out in the energy sector both for sta-
tionary and mobile combustion, which is described below and listed in section 3.6.

3.3.4.1 ENERGY INDUSTRIES - STATIONARY COMBUSTION, CRF 1Al
For energy industries, the Tier 2 method is used.

3.3.4.1.1 Public Electricity and Heat Production, CRF 1A1a

Activity data for emissions in CRF 1Ala are taken from quarterly fuel statistics. For this
sector, the quarterly fuel statistics are sent to all companies registered as ISIC 40 accord-
ing to databases used by Statistics Sweden and the response rate is almost 100%. This
gives very good data to the inventory, accurate, complete and consistent and with very
low uncertainties. In Sweden the two largest iron and steel producers also comprise en-
ergy production plants within the same area. These plants are registered as ISIC 40 and
therefore included in CRF 1Ala.

During 2005 it was concluded that one plant combusting waste for energy production
was missing in the quarterly fuel statistics used for CRF 1A1a *. As a result of this, the
time series were revised in submission 2006 resulting in an increase in CO, emissions
with approximately 20 Gg for the whole time series. Since submission 2007, data from
this plant is manually collected to reach complete coverage.

During 2005, the time series for combustion of peat in CRF 1Ala was compared with
other relevant data sources from Statistics Sweden, to see if any revisions were necessary.
The conclusion was however that no revisions should be prioritised.

The trend in fuel consumption in this sector varies depending on the production of
waterpower and climate variables. The greatest changes in fuel consumption are for bio-
mass fuels, where the consumption has increased significantly due to for instance in-
creased district heating.

3.3.4.1.2  Petroleum refining, CRF 141b

The statistics for CRF 1A1b are based on a total of 10 plants with the Swedish Standard
Indus-trial Classification (232, petroleum refining and 233, production of nuclear power).
Five of these companies are real refineries and they use over 99 % of the energy within

38 Lidén, 2005.
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the sector and thereby give rise to most of the emissions. The other five 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 refiner-
ies according to IPCC guidelines.

Activity data for the five refineries has been collected directly from each company for
1990-1999, since the industrial energy statistics and quarterly fuel statistics did not ac-
count for all fuels produced within refineries during these years. The corresponding en-
ergy content of all fuels has also been collected and individual thermal values have been
calculated for each operator and fuel. For 2000-2002, industrial energy statistics were
used for all refineries except one in 2000 and 2001, for which data was collected directly
from the company in 2000 and from the environmental report in 2001. For 2003, indus-
trial energy statistics were used for all refineries except two, for which data was collected
directly from the companies, since data was not yet available in the industrial energy
statistics. For 2004, quarterly fuel statistics was used for one plant, the industrial energy
statistics for three plants and the environmental report for one plant. As a result of a spe-
cific SMED study during 2006, data from the EU Emission Trading System (ETS) was
used for four refinery plants for 2005 and 2006. For the fifth plant quarterly fuel statistics
was used.

The fuel consumption in this sector is mainly based on liquid fuels and the use has in-
creased due to higher demand of refined products.

3.3.4.1.3 Manufacturing of solid fuels and other energy industries, CRF 141c
Emissions from fuel combustion in the manufacturing of solid fuels are reported under
CRF 1Alc, in line with IPCC Guidelines. This includes emissions from combustion in
coke ovens in the iron and steel industry.

Activity data is collected from industrial energy statistics for 1990 - 1996 and 2000 -
2002, and from quarterly fuel statistics for 1997 - 1999 and 2003 - 2006. Activity data on
combustion of coke oven gas and blast furnace gas in coke ovens is discussed in connec-
tion with other emissions from the iron- and steel industry in section 3.3.4.2.

Solid fuel consumption has increased slightly due to higher production of coke caused
by higher demand of primary iron and steel.

3.34.2 MANUFACTURING INDUSTRIES AND CONSTRUCTION, CRF 1A2
For stationary combustion in manufacturing industries, the Tier 2 method is used. 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 methods to be used.

Activity data 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-
2006.

3.3.4.2.1 Iron and steel, CRF 142a

Emissions reported from primary steel works and other iron and steel works are reported
in both CRF 1A2a and in CRF 2C1 since some emission arises from fuel combustion and
some from reducing agents in the process. The text in this section is hence closely con-

39 Backman & Gustafsson, 2006
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nected to the text in the section CRF 2C11 (steel) and CRF 2C12 (pig iron). The trend of
the fuel combustion is increasing slightly since 1990 due to higher production of iron and
steel products.

3.3.4.2.2  Primary iron and steel works

In Sweden, there are two plants for iron and steel production which base the production
on iron sinter reduction in a blast furnace process, instead of smelting iron and steel scrap.
The plants consist of coke ovens and the coke is, together with some coal, injected in the
plants blast furnace cowpers with crude iron to reduce the iron (lower the oxygen con-
tent). The process results in pig iron and blast furnace gas. The gas is collected and later
used as a fuel in coke ovens, blast furnaces etc. The plants also consist of steel converters
where the pig iron is converted to steel and rolling mills. One of the plants has a power
station where in-house gases are used. In Table 3.9 the distribution of fuel consumption
and CO, emissions in 2006 on different CRF codes from these two plants is shown. As
can be seen, only emissions from the total combustion of fuels to produce heat in the steel
converter and rolling mill are reported in CRF 1A2a - Iron and steel production. Fuels
used in other parts of the plants are reported in other CRF sectors according to table 3.9.
This is further described in each respective section.

Table 3.9 Distribution of fuel consumption and CO, emissions in 2006 from iron ore based iron
and steel industry in different CRF codes.

Emissions source Combusted fuels CRF Sector Fuel con- CO, emis-
sumption, sions, %
%

Energy plants within the Coke oven gas and blast 1A1a Public electricity and 4 21
iron and steel plant area furnace gas, oil heat production
Coke oven Coke oven gas and blast 1A1c Manufacturing of 9 12
furnace gas solid fuels (coke)
Steel converter and Coke oven gas, propane, 1A2a lron and steel pro- 10 9
rolling mill oil duction
Transformations losses of 1A5a Other/Stationary 64
energy in iron and steel
industry
Flaring Coke oven gas, blast 1B1c Other fugitive emis- 5 19
furnace gas and steel sions from solid fuels
converter gas
Blast furnace Blast furnace gas 2C1 Pigiron production 8 40

Transformation losses of energy in iron ore based iron and steel industry have been esti-
mated and reported under CRF 1A5a for all years. The energy losses have been estimated
as the difference between total energy content in inserted coal in coke ovens according to
Statistics Sweden*® and energy content of combusted fuels giving rise to emissions. Note
that transformation losses of energy have nothing to do with emissions. All potential
emission sources (gases), produced when coal and coke are combusted, are collected in

40 Statistics Sweden EN20SM 1990-2006 row 3.9
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the plant and later used in other parts of the plant as fuels. Emissions occur not until the
different gases are combusted.

CO, emissions arising from the use of limestone in blast furnaces will create small
amounts of pollution when the gas is burned, which should be reported in CRF 2A3 ac-
cording to IPCC 1996 Guidelines. However, since these emissions are mixed with those
from blast furnace gas, it is hard to estimate the amount of emissions coming from the
limestone. Therefore, emissions from combustion of blast furnace gas also include carbon
from the use of limestone from two plants. When studying the [IPCC 2006 Guidelines it
was noticed that all emissions within the production, including emission from limestone,
should be reported in the production sector, and not in CRF 2A3. Hence, Sweden has
decided not to report emissions from limestone used within the iron and steel industry in
CRF 2A3 since submission 2006.

3.3.4.2.3 Secondary iron and steel works
Except for the primary iron ore based iron and steel works, this sector include emissions
from for instance electric arc furnaces plants, iron ore pellet plants and iron powder
plants. In submission 2005 and submission 2006, data from several plants, included in the
EU trading scheme, was revised. These revisions included addition of new activity data
that was earlier missing, and revising data that was considered incorrect. The revisions
also affected the reporting of emissions from industrial processes (section 4.3.2.1).*’

The changes made in submission 2005 and submission 2006 have resulted in a more
consistent and accurate time series and better compliance with the Reference Approach.

3.3.4.2.4 Non-Ferrous Metals, CRF 142b

Activity data is taken from quarterly fuel statistics and industrial energy statistics. Fuel
consumption shows a decreasing trend since 1990. In 1999 there is a large jump in the
time series due to increased consumed amounts of natural gas.

3.3.4.2.5 Chemicals, CRF 142¢c

Due to inconsistent time series in the quarterly fuel statistics and industrial energy statis-
tics within this sector, the whole time series was revised in Submission 2004. Contact was
taken with several companies resulting in exclusion of incorrect data, exchange of some
activity data and inclusion of new activity data. The recalculations resulted in a more
accurate and consistent time series, all with plant specific data. Emission data for 2004
and 2005 is mainly based on activity data from the quarterly fuel statistics. For a few
plants the industrial energy statistics are considered to be of better quality and therefore
used. The fuel consumption trend is increasing since 1990, especially for liquid fuels,
mainly due to the basic plastic industry.

Please note that one major plant in 1A2c is classified as 1A2f in 2000-2001 due to a
small shift in type of production (manufacture of plastics goes under 1A2¢ while manu-
facture of plastics products goes under 1A2f). This temporary shift causes lower emis-
sions in 1A2c for 2000-2001.

“ Nystréom & Cooper, 2005.
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3.3.4.2.6 Pulp, Paper and Print, CRF 142d

Activity data is primarily taken from quarterly fuel statistics and industrial energy statis-
tics. There is no real trend in fuel consumption, but is has varied from one year to another
since 1990.

3.3.4.2.7 Food Processing, Beverages and Tobacco, CRF 142e
Activity data is taken from quarterly fuel statistics and industrial energy statistics. The
fuel consumption varies between the years, but has totally decreased slightly since 1990.

3.3.4.2.8 Other, CRF 142f

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 products, fabricated metal prod-
ucts and manufacturing of different types of machinery, are calculated with activity data
from industrial energy statistics and quarterly fuel statistics. The fuel consumption varies
between years, but has totally decreased slightly since 1990, especially the consumption
of liquid and biomass fuels.

Emissions from companies in all types of industries with less than 10 employees are
estimated and reported under CRF 1A2f. Activity data are collected from Statistics Swe-
den*?. Emissions are minor and it is, with current data, not possible to separate on differ-
ent industry sectors.

Please note that one major plant in 1A2c is classified as 1A2f in 2000-2001 due to a
small shift in type of production (manufacture of plastics goes under 1A2c while manu-
facture of plastics products goes under 1A2f). This temporary shift causes higher emis-
sions in 1A2f for 2000-2001.

Emissions from stationary combustion in the construction industry are calculated with
activity data from Statistics Sweden.*> Emission calculations for other machinery in con-
struction and industry are described in section 3.3.4.3 under CRF 1A3e.

3.3.43 TRANSPORT, CRF 1A3

Calculations of emissions from transport and other mobile combustion are based primar-
ily on fuel statistics from the survey on supply and delivery of petroleum products (sec-
tion 3.3.1.6). The statistics are reported at national level by fuel type. In order to make an
adequate allocation of fuels to each sub-sector and to produce more qualitative emissions
estimates, additional information on fuel consumption and emissions from transport are
collected from several governmental authorities. In some cases complementary calcula-
tions are performed to match the different datasets.

3.3.4.3.1 Trends in fuel consumption

Figure 3.1 shows the delivered volume of petroleum fuels from 1990 to 2006. Gasoline
deliveries are showing a moderately sloping trend over the period. Between 1990 and
2006 national deliveries of gasoline have decreased by approximately 5 %. However, the
total delivered amount of gasoline includes an increasing amount of ethanol admixture.

42 Statistics Sweden, EN20SM 1990-2006
Statistics Sweden EN20SM, 1990-2006.
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Excluding the ethanol admixture from the gasoline volumes reveals a decrease in national
deliveries of gasoline by 9 % between 1990 and 2006.

The decrease in gasoline deliveries is primarily a result of a lowered demand of gaso-
line within the sub-sector civil road traffic, CRF 1A3b. A simultaneous increase in the
demand of gasoline within the sub-sectors off-road vehicles and other machinery, CRF
1A2f, 1A3e, 1A4b and 1A4c, has little effect on the overall volume of gasoline consump-
tion, since the demand from the civil road traffic sector is totally dominant in terms of
volume.

The demand of diesel has grown steadily since 1990. Between 1990 and 2006 diesel
consumption has increased with as much as 60 %. The major increase in diesel demand
originates from the civil road traffic sector. An increased demand for diesel within the
sub-sector off-road vehicles and other machinery also contribute to the powerful trend.

The delivered quantity of Jet kerosene, which by volume is the third major petroleum
fuel, has increased by more than 35 % between 1990 and 2006. Other oils, which exclu-
sively refer to oils consumed within the sub-sector domestic navigation, are by compari-
son to other petroleum fuels low in volume.
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—a— Diesel
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Figure 3.1 National petroleum fuel deliveries 1990-2006.

3.3.4.3.2  Allocation of fuels

This section is divided in two parts. The first part describes the allocation and distribution
of the delivered amount of fuels between sub-sectors and the second part describes the
emission calculations per CRF code.

3.3.4.3.2.1 Gasoline
Data on the delivered amounts of gasoline at national level is provided by the national
statistics on supply and delivery of petroleum products (section 3.3.1.6). To separate

86



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

emissions from fossil fuels from emissions from bio-fuels, the ethanol admixture is sub-
tracted from the total delivered amount of gasoline and reported as biomass under CRF
1A3b. Data on the amount of ethanol admixture in gasoline is available from 2001. Today
ethanol admixture in gasoline accounts for 5 % of the total delivered amount of gasoline.
After subtracting the volume of ethanol admixture, the remaining volume of gasoline is
distributed over different sub-sectors according to Figure 3.2.

Domestic navigation - leisure boats

(SIED report, 2005

Total delivered amount of
gasoline peinus the amount / Off-road vehicles and other machinery
of ethanol admixture in (SMED report, 2004

gasoline

— Military road traffic (the Swedish
Arrned Forces)

Military navigation (the Swedish
Armed Forces)

Ciwil road traftic: Eemaining fuel
cotsumption

Figure 3.2 Gasoline distribution by sub-sector and source.

The gasoline consumption from domestic navigation is based on a survey produced by
Statistics Sweden on gasoline consumption by leisure boats**. The results from the survey
indicate no evidence of any trend in gasoline consumption and the result of the survey
(gasoline consumption by leisure boats is estimated to 32 500 m3/year) is being used as a
volume estimate for the whole time period from 1990 to 2006.

Gasoline consumption from off-road vehicles and other machinery (CRF 1A2f, 1A3e,
1A4b and 1A4c) is based on a bottom-up inventory from 2004.*° During the inventory,
gasoline consumption was estimated for the years 1990, 1998 and 2002. The consumption
for the remaining years between 1990 and 2002 has been estimated by interpolation and
from 2003 by assuming a constant consumption at the same level as for 2002.

Exact amounts of gasoline consumed by military road transport and navigation, CRF
1ASb, are provided by the Swedish Armed Forces. The volume of total gasoline deliver-
ies remaining after the gasoline consumed by the four prior mentioned sub-sectors is
withdrawn is assumed to be consumed within the sub-sector civil road traffic, CRF 1A3b.

A comparison between the volume of gasoline allocated to the civil road traffic sector
through this top-down approach and the volume of gasoline consumed according to the
bottom-up ARTEMIS (Assessment and Reliability of Transport Emission Models and

44 Statistics Sweden, 2005
Flodstrom, Gustafsson and Sjodin, 2004
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Inventory Systems) model, used by the National Road Administration (see Annex 4),
indicates a good correspondence between the two estimates. The bottom-up approach
estimates a slightly higher consumption in the early 90’s but the difference in estimated
gasoline consumption between the top-down and bottom-up approach is decreasing by
time (Figure 3.3).
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Figure 3.3 Bottom-up estimated gasoline fuel consumption versus top-down allocated gasoline consump-
tion.

The approximate distribution of gasoline on sub-sectors in 2006 is shown in Figure 3.4.
Civil road traffic accounts for almost all gasoline consumption, followed by off-road
vehicles and other machinery. Gasoline consumption from domestic navigation and mili-
tary activities is relatively low.
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Figure 3.4 Distribution of gasoline by sub-sector.

3.34.3.2.2 Diesd

Data on the total amount of diesel oil delivered at national level are provided by the sta-
tistics on supply and delivery of petroleum products (section 3.3.1.6). The use of diesel
by international bunkers is specified as discussed in section 3.3.9. The remaining volume
of diesel is distributed over different sub-sectors following a three-step process.

The total amount of delivered diesel includes both diesel used for stationary combus-
tion and FAME admixture. In the first step, the volume used for stationary combustion
and the volume of FAME admixture is subtracted from the total deliveries. FAME is
reported as biomass under CRF 1A3b. In the second step, parts of the delivered diesel are
allocated to those sub-sectors for which accurate and precise information on diesel con-
sumption is available (Table 3.10). For Railways information on diesel consumption is
collected from the Swedish National Rail Administration and for Military activities from
the Swedish Armed Forces.

Table 3.10 Sub-sectors with accurate and precise information on diesel consumption, by source.

Sub-sector CRF Estimation of amount of diesel consumed

Railway 1A3c Exact amount given by the Swedish National Rail Administration
Military road transport 1A5b Exact amount given by the Swedish Armed Forces
Military navigation 1A5b Exact amount given by the Swedish Armed Forces
Military abroad 1C2 Exact amount given by the Swedish Armed Forces

In the third and last step, the remaining amount of the total delivered diesel is allocated
over sub-sectors where the estimated diesel consumption is more uncertain. These are
fisheries, domestic navigation, off-road vehicles and other machinery, and civil road traf-
fic. The allocation is made proportionally to the estimated consumption of each sub-
sector. The consumption estimates of each sub-sector are based on sources according to
Table 3.11.
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Table 3.11 Sub-sectors with uncertain diesel consumption, by source.

Sub-sector CRF Estimation of amount of diesel consumed

Fisheries 1A4c SMED report, 2005

Domestic navigation 1A3d Statistics Sweden, EN31SM

Off-road vehicles and other 1A2f, 1A3e, SMED report, 2004

machinery 1A4b-c

Civil road traffic 1A3b ARTEMIS model estimation from the Swedish National

Road Administration.

Figure 3.5 gives a brief overview of the distribution of diesel among different sub-sectors.
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Figure 3.5. Current model for allocating the total amount of delivered diesel on sub-sectors

The estimate of the Swedish fishing fleet’s diesel consumption is based on a SMED-study
from 2005*. It estimates the consumption as a function of the fishing fleets total in-
stalled machinery in terms of kW, a specific fuel consumption value, an average value for
engine operating load and an average value for annual operating hours. The installed
machinery effect is available from the Swedish National Board of Fisheries for the years
1995-2004. The consumption for the years prior to 1995 and after 2005 is estimated
through extrapolation.

46 Cooper et al. 2005.
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The estimate for diesel consumption from domestic navigation*” is provided by the statis-

tics on supply and delivery of petroleum products, see section 3.3.1.6.

The estimate for diesel consumption from off-road vehicles and other machinery
(CRF 1A2f, 1A3e, 1A4b and 1A4c) is based on a bottom-up inventory from 2004.* Dur-
ing the inventory, diesel consumption was estimated for the years 1990, 1998 and 2002.
The consumption for the remaining years between 1990 and 2002 has been estimated by
interpolation and from 2003 by assuming a constant consumption at the same level as for

2002. The Swedish EPA has conducted two recent studies*® of diesel consumption from

off-road vehicles and other machinery in 2006. These provide a more updated view on the
current consumption and the results from these studies will be included in future submis-

sions. Diesel consumption from civil road traffic is estimated by the ARTEMIS model

(see Annex 4).
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Figure 3.6 Bottom-up estimated diesel consumption versus top-down allocated diesel.

A comparison between estimated diesel consumption according to the bottom-up
ARTEMIS model and the top-down adjusted diesel delivery statistics approach gives a

generally somewhat higher consumption for the bottom-up approach (Figure 3.6). The

trend is however fairly level between the two different estimates.

a7 Also called marine diesel oil.
Flodstrom, Gustafsson and Sjédin, 2004
Fridell et al. 2007 and Wetterberg et al. 2007.
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Figure 3.7 Distribution of diesel oil by sub-sector

Figure 3.7 shows the approximate distribution of the delivered amount of diesel oil in
2006. As for gasoline, diesel from civil road traffic accounts for the majority of the con-
sumption. However, diesel from off-road vehicles and other machinery also contributes to
a considerable amount of the total diesel consumption.

3.3.4.3.2.3 Marinedistillate fuel

Marine distillate fuel is a group name covering marine diesel oil and marine gas oil used
for navigation. Emissions from these fuels are reported as gas/diesel oil in the CRF. Ma-
rine diesel oil for domestic navigation is discussed under the diesel section, 3.3.4.3.2.2.
Delivered amount of marine gas oil for navigation is provided by the statistics on supply
and delivery of petroleum products (section 3.3.1.6).%° The statistics on marine distillate
fuels are reported separately for domestic and international navigation. The division on
areas of use for marine distillate fuels is provided by the respondents of the survey on
supply and delivery of petroleum products. The amounts of marine distillate fuel used for
domestic navigation, CRF 1A3d, between 1990 and 2006 is shown in Figure 3.8.

%0 Statistics Sweden EN31SM, 1990-2005.
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Figure 3.8 National fuel deliveries of marine diesel oil and marine gas oil (marine distillate fuel) 1990-
2006.

3.3.4.3.2.4 Residual fuel oils

Delivered amounts of residual fuel oils for national and international navigation are pro-
vided via the statistics on supply and delivery of petroleum products (section 3.3.1.6)™.

The statistics on residual fuel oils are reported separately for domestic and international
navigation.

3.3.4.3.2.5 Jet kerosene, jet gasoline and aviation gasoline

All jet kerosene, jet gasoline and aviation gasoline are assumed to be used for aviation.
Delivered amounts of these fuels are provided at national level by the statistics on supply
and delivery of petroleum products (section 3.3.1.6). Delivered amounts of jet kerosene
and aviation gasoline are distributed between military and civil aviation. The information
on military consumption of aviation fuels provided by the Swedish Armed Forces is as-
sumed to be correct and that the remaining amounts are allotted to civil aviation. Jet gaso-
line is only used by the military and has not been used after 1993.

3.34.3.2.6 Alternativefuels

The alternative fuels used for transport are ethanol, FAME, natural gas and biogas. All
alternative fuels are assumed to be used within the road traffic sector, CRF 1A3b.
Ethanol and FAME are partly used as admixtures in gasoline and diesel, and partly used
as pure substances. Information on delivered amounts of ethanol and FAME are provided
at national level by the statistics on supply and delivery of petroleum products (section
3.3.1.6).%" Data on delivered amount of natural gas for transport is provided by the statis-
tics on the delivery of gas products (section 3.3.1.7). Data on the consumption of biogas

o1 Statistics Sweden, www.scb.se August 2006.
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from 1996 is provided by the Swedish Biogas Association. Data for 1990-1995 is not
available.

3.3.4.3.3 Emission calculations

Diesel oil is refined into three categories; so called environmental classes 1-3. These have
been gradually introduced from 1991. Today, environmental class 1 diesel accounts for
about 99 % of the total delivered amount of diesel. The shift in consumption of diesels of
different environmental classes has a significant impact on the emissions. Table 3.12
shows the characteristics for environmental class 1-3 regarding thermal values and emis-
sion factors for CO,. The transition in consumption from exclusively environmental class
3 diesels in 1990 to more or less exclusively environmental class 1 diesels today has con-
tributed to a 3 % decrease in CO, emissions from diesel.

Information on the diesel distribution on environmental classes has been collected
from the Swedish National Road Administration for the years 1990-1993 and from Statis-
tics Sweden for the years 1994-2006. The Swedish Petroleum Institute (SPI) has assisted
with information regarding thermal values and emission factors for CO,*?. SMED has
calculated yearly averages of thermal values and emission factors.

Table 3.12 Impact from different environmental class diesel on thermal value and emission fac-
tors for CO,.

Diesel Thermal value Emission factor Weight 1990 Weight 2006
(GJ/M®) CO; (tons/TJ) (%) (%)

Environmental class 1 35.28 72.00 0 99

Environmental class 2 35.28 72.56 0 0

Environmental class 3 35.82 74.26 100 1

Average 1990 35.82 74.26

Average 2006 35.29 72.02

3.3.4.3.3.1 Civil Aviation, CRF 1A3a

Emissions from aviation are calculated using statistics on supply and delivery of petro-
leum products (section 3.3.1.6), and information from the Swedish Civil Aviation Au-
thority (SCAA) on fuel use and emissions estimates related to the governmental airports
in Sweden.

Presently there are 17 airports in Sweden administered by the government and in ad-
dition to these there are 46 non-governmental airports.> The traffic routed through gov-
ernmental airports account for about 85-90 % of the total fuel consumption within the
civil aviation sector. The SCAA publishes information on aviation emissions from these
airports in annual environmental reports. Complementary emission calculations are car-
ried out to reach full national coverage including non-governmental airports. SCAA in-
clude 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 however the same for all years.

52 Swedish Petroleum Institute, www.spi.se. August 2005.
Swedish Civil Aviation Authority, www. Iuftfartsstyrelsen.se. September 2006.
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The fuel consumption and emissions published by the SCAA are calculated by the Swed-
ish Defence Research Agency (FOI). FOI uses statistics on the number of flights between
city pairs (domestic and international), type of aircraft, amount of fuel needed for differ-
ent 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 PIANO
(Project Interactive ANalysis and Optimization). HARP is used for estimating national
Times in Mode (TIM) and PIANO is used for calculating the fuel consumption and emis-
sions. 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 need less
fuel and give rise to less emissions compared to the International Civil Aviation Organi-
zation (ICAO) 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 the
international airport.*®

The results from the emissions calculations are aggregated into four groups: domestic
landing and take off (LTO), domestic cruise, international LTO and international cruise.
This is in line with the IPCC guidelines and data of good quality exists from 1995 and
onwards. Sweden uses the Tier 1 method for CO, and Tier 2a for all other gases.

Emissions of CO, from 1990 to 2006 are based on fuel from delivery statistics, na-
tional thermal values from Statistics Sweden and emission factors from the Swedish EPA.
Quotas for distributing of CO, emissions on domestic and international LTO and cruise
are based on information on CO, emissions from the SCAA. This information is not
available for 1990-1994 and is therefore estimated as described by Figure 3.9.

For example, the estimate of domestic emissions for 1990 is calculated based on the
share of domestic emissions for 1998 which is approximately 29 %. To adjust for the
development of domestic versus international traffic since 1990 the 29 % are multiplied
by a factor of approx 1.16. The factor is supposed to reflect the larger share of domestic
traffic in 1990 and is calculated as the share of domestic LTO in 1990 divided by the
share of domestic LTO in 1998 (1.156 = 0.724/0.626) based on LTO data from SCAA
available in 1998. The share of domestic CO, emissions 1990 is then consequently calcu-
lated as 1.16 * 0.29 = 34 %. International emissions are estimated as total emissions mi-
nus domestic emissions. The distribution of CO, emissions for 1991-1994 is estimated
using the same method as for 1990.

gg Gustafsson, 2005.
Nas, 2005.
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Figure 3.9 Model for estimating Domestic/International LTO/Cruise 1990-1994.

The last step in estimating emissions from aviation is the split between LTO and Cruise.

This is the step that is based on the mean value for LTO cycles for domestic and interna-
tional flight in 1995-2000, meaning the CO, from domestic LTO/Total CO, from domes-
tic aviation and the equivalent for international traffic.

From 1995 and onwards, emissions of SO,, NO, CO and HC are based on the infor-
mation from the SCAA, adjusted to match the delivered amount of aviation fuels. Emis-
sions of NMVOC and CH, are estimated based on information on emissions of HC from
the SCAA and emission factors from [PCC guidelines.

N,O emissions for LTO are estimated using information on the number of LTO cy-
cles from the SCAA together with emission factors from IPCC. N,O emissions for cruise
are based on delivered amount of fuel for cruise activities estimated by FOI, adjusted to
be in line with fuel delivery statistics, together with emission factors from IPCC guide-
lines.

Due to the lack of activity data, all non-CO, emissions for 1990-1994 are calculated
by SMED in cooperation with the SCAA, Fuel consumption and SO, emissions are esti-
mated based on CO, emissions. Emissions of CO are calculated by comparing the 1995
relationship between CO and CO, and using the same quota (4.85% of CO, emissions)
for 1990-1994. Emissions of NOx are calculated in a similar way. The quota is relatively
stable over the years and therefore using the mean value of 1995-2004 (4.03 % of CO,
emissions) for 1990-1994. Emissions of HC for 1990-1994 are calculated by extrapola-
tion.

SCAA have received information on LTO emissions for 2001 and 2002 from 19 non-
governmental airports and estimated CO, and NOy emissions for all non-governmental
airports based on this information. Adding together emissions of CO, and NOx from both
governmental and non-governmental airports gives a good estimate of the aviation emis-
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sions 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 %. Emissions from
aviation in agricultural and forestry sectors are currently reported together with domestic
aviation. Emissions from military use of aviation fuels are reported under Other — mobile
sources (CRF 1A5b).

3.3.4.3.3.2 Road transport, CRF 1A3b

Emissions of CO, and SO, from road traffic are based on statistics on supply and delivery
of petroleum products (section 3.3.1.6), in accordance with the IPCC Guidelines Tier 1.
Emissions of all other substances, together with input to the national allocation model for
diesel for the road traffic sector (Figure 3.4), are provided by the Swedish National Road
Administration (SNRA). SNRA uses the newly developed EU road traffic emission
model ARTEMIS®® (Assessment and Reliability of Transport Emission Models and In-
ventory Systems) for calculating emissions from Swedish road traffic. The ARTEMIS
model is based on a bottom-up approach considered to be Tier 2.

The fuel consumption and CO, emissions estimated by the SNRA differ slightly from
those reported to the UNFCCC. The SNRA aims to describe what is emitted on Swedish
roads, regardless of where the fuel was bought or the nationality of the vehicles. Accord-
ing to IPCC Guidelines, the inventory should only account for emissions from fuel pur-
chased in Sweden. An overview of the two different objectives is presented in Table 3.13.

Table 3.13 Emissions from road transport reported by the SNRA and in the CRF.

Fuel bought in Traffic on Swed-  Traffic in Sweden, not Traffic to/from other  Traffic in other
ish roads on roads country countries
Sweden CRF 1A3b CRF 1A3b CRF 1A3b * CRF 1A3b *
SNRA SNRA to the Swed-
ish border
Other country SNRA Not reported SNRA to the 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.

Emissions of CO, from combustion of gasoline are based on thermal values and country-
specific emission factors from Statistics Sweden and the Swedish EPA. Emissions of CO,
from combustion of diesel are based on thermal values and country-specific emission
factors from SPI. Emissions of SO, from gasoline and diesel are based on information on
the sulphur content of different environmental classes of diesel and gasoline provided by
SNRA.

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 maxi-
mum allowed sulphur content was provided by SPI. From submission 2007, emissions of
SO, are based on the actual sulphur content for the different environmental classes of
petrol and diesel fuel. The data on actual sulphur content, provided by SNRA, is based on

56
Annex 4
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estimations made by VTI*

2001 and onwards.

CO; and SO, from alternative fuels are estimated using statistics on deliveries for
natural gas, biogas, ethanol and FAME. Activity data for natural gas is available from
1990, while reliable activity data for biogas exists from 1996 and for ethanol and FAME
from 1998. Thermal values and emission factors for ethanol and biogas have been col-
lected from the Swedish Biogas Association. Thermal values and emission factors for

for the years 1990-2001, and on fuel analysis from SPI from

FAME are not available but thermal values are assumed to be the same as for diesel and
emission factors for CO, and SO, the same as for natural gas. Emissions of CO, from
biogas, ethanol (including ethanol admixture) and FAME are reported as biomass and not
included in the national totals.

Military road transport is also included in the road traffic emissions estimated by
ARTEMIS. To separate military transport from civil road transport, ARTEMIS emissions
are reduced by an amount equal to the relative fuel consumption reported by the Swedish
Armed Forces. Military transport emissions are reported under CRF 1A5b in order to be
in accordance with the IPCC Guidelines.

3.3.4.3.3.3 Railways, CRF 1A3c

Information on emissions from railways is provided by the Swedish National Rail Ad-
ministration, as estimates on the amount of diesel consumed as well as estimates on emis-
sions of CO,, SO,, NO,, NMVOC, CH,4, CO and N,O.

The estimate of diesel consumption are based on fees paid by the rail operators and is
considered to be of very high quality. 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 Petro-
leum Institute, whereas emission factors used for NOx and CO estimates are provided by
the National Rail Administration. Remaining emissions are calculated based on default
emission factors from EMEP/CORINAIR.

3.3.4.3.3.4 Navigation, CRF 1A3d

Emissions from domestic navigation are calculated based on the amount of fuels that are
purchased and consumed in Sweden.?® Emissions from fuels that are purchased in Swe-
den but used abroad are reported separately as international bunker emissions. The alloca-
tion of emissions from navigation is summarized in Table 3.14.

Table 3.14 Reporting of emissions from navigation, according to the Good Practice Guidance

Fuel bought  Traffic between Swedish Traffic between Swedish and Traffic between two interna-

in harbours international harbours tional harbours

Sweden Domestic, 1A3d International bunkers, 1C International bunkers, 1C
Other coun-  Not included Not included Not included

try

57 Swedish Road and Transport Research Institute, 2002.
Statistics Sweden EN31SM, 1990-2006.
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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 from 2002 while emissions from 2005 have been
calculated using emissions factors provided by the Swedish Maritime Administration
(SMA). The emission factors provided by the SMA are based on the earlier study by
SMED.

Emissions of CO, and SO, from leisure boats are calculated based on estimated gaso-
line consumption together with thermal values and emission factors which are the same as
for civil road traffic. Emissions of NOx, NMVOC, CH,4, CO and N,O are all based on
estimated gasoline consumption together with emission factors from CORINAIR for
gasoline.

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 naviga-
tion. These can however not be compared with emissions from the Swedish national in-
ventory since the former include emissions from the whole Baltic Sea region. All emis-
sions from national navigation are estimated using Tier 1.

3.3.4.3.3.,5 Other transportation, CRF 1A3e

Emissions reported under CRF 1A3e refer to emissions from off-road vehicles and other
machinery. Emissions from off-road vehicles and other machinery are also reported under
CRF 1A2f, 1A4b and 1A4c, in line with IPCC Guidelines. Emissions of CO, and SO, for
1990-2005 are based on the same thermal values and emission factors for diesel and gaso-
line as used for road traffic.

Emissions of NOx, NMVOC, CH,, CO, N,O are estimated based on emission factors
from bottom-up inventories for 1998 and 2002 performed by SMED in 2004,%" and an
earlier inventory for the year 1997%2 on the number of vehicles and machinery, work-
load, emission factors, etc. The stepwise introduction from 1999 of emission regulations
within the European Union for diesel engines in off-road vehicles have been applied in
the latest bottom-up inventory. Emission factors for 1999-2001 are calculated by interpo-
lation, whereas emission factors for 1990-1997 are assumed to be the same as for 1998
and emission factors from 2003 are assumed to be the same as for 2002. The distribution
over different sub-sectors within the off-road vehicles and other machinery (Agriculture,
Forestry, Residential, Industrial and Other) is also based on the bottom-up inventories for
1998 and 2002. Table 3.15 shows the fuel distribution for 2002. The majority of diesel

%9 Cooper and Gustafsson, 2004.
Statistics Sweden, 2005.
Flodstrom, Gustafsson and Sjédin, 2004.
Kindbom and Persson, 1999.
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and gasoline consumptions are allocated to the industrial (CRF 1A2f) and residential
(1A4b) sectors, respectively.

Table 3.15 Distribution of fuel consumption on sectors for off-road vehicles and other machinery
in 2002

CRF Sector Diesel consumption Gasoline consumption
1A2f Industry 50.4% 3.7%

1A3e Other 6.3% 14.3%

1A4b Residential 4.4% 771%

1A4c Agriculture and Forestry 38.9% 4.9%

All estimated emissions from this sector are based on the delivered amount of fuels and
are therefore considered to correspond to Tier 1.

In 2006 the Swedish EPA conducted two studies®® of emissions from off-road vehi-
cles and other machinery. These studies include more recent data on the population as
well as the effects of the European emissions regulations that have been introduced after
2002. The results from these studies were not available in time to be fully included in this
year's submission, but they will be accounted for in submission 2009. Exceptions are
made for NO, emissions for the years 2000-2006 where new estimates are produced. The
new NOy estimates are included in this years submission in order for the Swedish emis-
sions reported to the UNFCCC to be in compliance with those reported under the NEC
Directive and CLRTAP convension, where an update of the Swedish NO, emissions are
of more urgent importance. NOy emissions for 2000-2006 are based on the estimate for
2006, from the two studies by the Swedish EPA, together with an estimate for 2000 based
on the result of the 2006 studies. The NO, emissions for 2001-2005 have been estimated
through interpolation.The NO, emission for 2000-2006 are based on fuel consumption
estimates from the EPA studies and they are not adjusted to be in line with the fuel con-
sumption data provided by the statistics on supply and delivery of petroleum products
(section 3.3.1.6).This irregularity will be readjusted in submission 2009.

3.3.44 OTHER SECTORS, 1A4

In Other sectors both stationary and mobile combustion occur. All activity data is on
national level by fuel type and estimated emissions are therefore considered to correspond
to Tier 1.

In submission 2005 and earlier, there were large uncertainties in estimation models
and allocation methods for fuel in the other sectors and CRF 1A2f, 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 correctly allocated on stationary and
mobile combustion.

The results from the study show good agreement with [IPCC guideline recommenda-
tions. All fuels but biomass had little or no changes in methodologies, and where changes

63 Eridell et al. 2007 and Wetterberg et al. 2007.
Gustafsson, et al. 2005.
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occurred, no significant inconsistencies in fuel consumption time series were detected.
However, for biomass, several significant inconsistencies were identified leading to re-
calculations of activity data and emissions in CRF 1A4a and 1A4b%. Due to these recal-
culations there are obvious inconsistencies between the national energy balances and the
air emission inventory data.

Furthermore, all fuels proved to be correctly allocated on stationary and mobile com-
bustion. 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 mobile combustion, while
all the other fuels are related to stationary combustion.

3.3.4.4.1 Mobile combustion, CRF 144b and 144c

For emissions from off-road vehicles and other machinery, activity data is collected from
the statistics on the supply and delivery of petroleum products, and then modelled as
described under Other transport, CRF 1A3e, in section 3.3.4.3.3.5.

Emissions from Fisheries, CRF 1A4c, were first reported in submission 2006. Emis-
sions from Fisheries are based on a SMED study from 2005, producing fuel consump-
tion estimates and emission factors for CO,, SO,, NO,, NMVOC, CH, and N,O for 1990-
2004. From 2005 estimates are based on the same consumption estimate and emission
factors as for 2004.

The Swedish fishing fleet operates solely on diesel oil, and have had a slightly declin-
ing trend in fuel consumption, from about 90 000 m® in 1990 to about 80 000 m’ in 2006.
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 Reduction (SCR) for
NOx reduction) is assumed to be negligible.

3.3.4.4.2 Stationary combustion, CRF 144a, 144b and 144c

In the preliminary version of submission 2005, preliminary quarterly fuel statistics, based
on fuel delivery statistics, was used to calculated emissions for the year 2003 from sta-
tionary combustion in CRF 1A4, other sectors and CRF 1A2f, construction. It was how-
ever considered to give too high fluctuations compared to the annual statistics. The Swed-
ish EPA has therefore decided that preliminary annual statistics should be used for the
final reference year in the inventory, which was done in the revised version of submission
2005 and will be done for following submissions. Due to incoherent timeliness between
the reporting of preliminary annual statistics and the process of inventory preparation,
fuel data for 2004 and onwards is based on prescheduled preliminary annual statistics for
the inventory purpose. Hence, data may be inconsistent with the official preliminary an-
nual statistics, reported by Statistics Sweden in the end of each year. The method to use
pre-scheduled preliminary annual statistics was reviewed and evaluated in 2007 and pre-
sented in a memorandum by SMED®’. It shows that the pre-scheduled preliminary annual
statistics for 2004 and 2005 result in an underestimation of 280 Gg CO, and 212 Gg CO,,
respectively, compared to the final annual statistics.

%5 paulrud et al. 2005.
Cooper et al., 2005a.
Gustafsson, 2007b
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3.3.4.4.2.1 Commercial/institutional, CRF 1A4a
The main data source for activity data is Premises statistics.

3.3.4.4.2.2 Residential, CRF 1A4b

The main data sources are One- and two-dwellings statistics, Holiday cottages statistics
and Multi-dwellings statistics. Biomass fuel consumption for heating residences are sur-
veyed on the three most common combustion technologies: boiler, stoves and open fire
places. Since 1998 biomass activity data is separated on wood logs, pellets/briquettes and
wood chips/saw dust. Historical biomass data has been estimated by inter- and extrapola-
tion.

3.3.4.4.2.3 Agriculture/Forestry/Fisheries, CRF 1A4c
Activity data is based on models (section 3.3.1.9) and results from a survey from 1985.
To be able to improve data for this sector, models must be improved by new surveys.

3.3.4.5 OTHER, CRF 1A5
Within this sector, transformation losses of energy, emissions from pressure levelling
losses of natural gas and military transports are reported.

3.3.4.5.1 Transformation losses of energy, CRF 145a

Transformation losses of energy in iron ore based iron and steel industry have been esti-
mated and reported under CRF 1AS5a for all years. The energy losses have been estimated
as the difference between total energy content in inserted coal in coke ovens according to
Statistics Sweden® and energy content of combusted fuels causing emissions. Note that
transformation losses of energy have nothing to do with emissions. All potential emission
sources (gases), produced when coal and coke are combusted, are collected in the plant
and later used in other parts of the plant as fuels. Emissions occur not until the different
gases are combusted.

3.3.4.5.2  Pressure levelling losses of natural gas, CRF 145a

Reported emissions from natural gas are estimated with data from Statistics on the deliv-
ery of gas products based on information from wholesale dealers (seven companies in
Sweden). The gas is delivered in pipelines and fugitive emissions do not occur, according
to wholesale dealers. Some of them report pressure-levelling losses, which are measure-
ment differences when the gas is measured at different temperatures/pressures at different
points in the system. Sweden chooses to report these differences, for years they occur, as
emissions to avoid underestimation of emissions. The uncertainty in the estimates is by
nature very high.

Prior to submission 2006, these emissions have been allocated in CRF 1B2b. How-
ever, the emissions are not really fugitive, they are just very hard to allocate and thus the
emissions are reallocated to CRF 1A5a which refers to emissions from stationary com-
bustion with no further specification on in what sector the combustion took place.

%8 Statistics Sweden EN20SM 1990-2006 row 3.9
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3.3.4.5.3 Military transport, CRF 145b

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 Swedish Defence Material Admini-
stration (FMV), the Swedish Fortification Department (FORTV), Swedish Defence Re-
search Agency (FOI) and National Defence Radio Institute (FRA), are not included in the
calculations.

CH, and N,O emissions from the military are both based on a top-down approach, us-
ing fuel consumption (for aviation and navigation) and a bottom-up approach, using data
from the ARTEMIS 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 navigation are estimated using emission
factors from civil navigation. Emissions from the use of diesel oil by military stationed
abroad is reported under Multilateral operations, CRF 1C2.

3.3.5 Reference Approach, CRF 1Ab

The reference approach includes all domestic fuel consumption in Sweden regardless of
sector since it is not possible to separate fuels consumed in Fugitive emissions from fuel,
CREF 1B, and Industrial processes, CRF 2, on this level. The reference approach is based
on the supply of fuels. The main source is the supply and delivery of petroleum products
statistics, but foreign trade statistics is also used. Since biomass, waste and peat are not
covered in the supply and delivery statistics, data from Statistics Sweden® is used for
those fuels. The data from Statistics Sweden is derived from almost all the surveys dis-
cussed in section 3.3.1.

During 2007, the underlying statistics for reference approach were overhauled by
SMED and where considered needed updated70. In addition, CO, emissions derived from
non-energy use of fuels and reported under CRF 1B and CRF 2 (e.g. flaring of gases and
iron and steel process emissions) are in submission 2008 also included under CRF 1Ad
and linked to the CRF 1Ab as carbon stored. This will facilitate more accurate reporting
in CRF 1Ac where all CO, emissions are accounted for and thus eliminate the need for
the previously applied national comparison of reference and sectoral approach.

Stocks, imports and exports of biomass, waste and peat are presently not known.

Data on international bunkers for navigation is given in the supply and delivery statis-
tics. International bunkers for aviation are calculated from information from SCAA (Civil
Aviation, section 3.3.4.3).

Emission factors used in the reference approach are the same as those used in the Sec-
toral Approach, multiplied by 12/44 to convert the emission factor for CO; to an emission
factor for carbon (C). Exceptions from this rule are emission factors for fuel types pre-
sented in Table 3.16.

%9 Statistics Sweden EN20SM 1990-2006.
Gustafsson, 2007a
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Table 3.16 Special emission factors used for the reference approach.

Fuel type Emission factor used in the Reference  Source for emission factor
Approach
Gg C/TJ
Crude ol 20.25 Swedish emission factor for Domestic
heating oil
Bitumen 28.09 Swedish emission factor for Coke
Refinery feed- 20.25 Swedish emission factor for Domestic
stocks heating oil
Other oil 20.25 Swedish emission factor for Domestic
heating oil
Lignite 24.74 Former Swedish emission factor for Coal
Gaseous biomass 15.41 Swedish emission factor for Natural gas
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3.3.6 Comparison of energy consumption and CO, emissions in the sec-
toral approach and the reference approach, CRF 1Ac and Annex 5

In order to follow the recommendations in IPCC Good Practice Guidance and ensure that

no omissions or double counting occurs, it is necessary to compare the results in the sec-

toral approach (calculated bottom-up) with the results in the reference approach (calcu-

lated top-down). Large differences indicate possible errors, and according to the IPCC

Good Practice Guidance, differences should be investigated if they are larger than + 2 %.

As discussed in section 3.3.5, the reference approach shows all domestic fuel con-
sumption, regardless of sector. On this level it is not possible to separate fugitive emis-
sions (CRF 1B) or emissions from fuel combustion in industrial processes (CRF 2C-D).
In submission 2008 these emissions are included as non-energy use of fuels in CRF 1Ad
and linked to the reference approach CRF 1Ab as carbon stored and thus accounted for in
CRF 1Ac. The CRF Reporter however does not accurately calculate the difference of CO,
emissions between reference and sectoral approach; other fuels are not included in the
reference approach. This calls for national calculations of the comparison of reference
and sectoral approach for CO, emissions to enable proper analyses.

Figure 3.9 shows the remaining differences in fuel consumption and CO, emissions
between reference and sectoral approach 1990-2006, when the reference approach takes
CO, emissions from other fuels into account. It is obvious that fuel consumption and CO,
emissions from the sectoral approach exceed the reference approach for most years 1990-
2006. For a number of years, especially in the early 90’s, the difference is larger than +
2%.
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Figure 3.9. Differences between reference and sectoral approach 1990-2006. Note that CO, emissions
from other fuels are accounted for in the reference approach, as compared to the CRF Reporter.

As part of the SMED study in 2007”" it was discovered that the majority of the remaining
differences between reference and sectoral approach 1990-2005 are due to so called sta-
tistical differences in the energy statistics. That is to say, similar differences between fuel
supply and fuel consumption are found in the energy balances.

n Gustafsson, 2007a
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Figure 3.10 show a comparison of fuel consumption from the energy balances and the
sectoral approach. It is obvious that differences in this comparison are significantly lower
compared to the reference and sectoral approach presented in CRF 1Ac.
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Figure 3.10. Differences in fuel consumption between energy balances and sectoral approach 1990-
2005.

In submission 2004 and earlier, there was a big difference in reported energy consump-
tion for solid fuels. This was due to the fact that transformation losses (energy losses) in
the iron and steel industry were not included in the sectoral approach. CO, emissions and
other emissions were correctly reported and thus not affected. In submission 2005, trans-
formation losses of energy were estimated and reported under CRF 1A5a in the sectoral
approach (section 3.3.4.2). This resulted in smaller differences between the reference and
sectoral approaches.

In Sweden, crude oil is imported from a variety of regions depending on current rela-
tive prices. Crude oil in different regions has differing carbon contents, and as a conse-
quence of this, the carbon emission factor for crude oil in the reference approach should
be set differently for each year as it probably varies significantly. This has not been done
and the Swedish carbon factor for domestic heating oil is used for all years. Crude oil
accounts for a large share of the total energy content and the total carbon emissions in the
reference approach. The choice of emission factor for crude oil will therefore have a great
impact on the differences between reference and sectoral approach. In particular, when
differences in CO, emissions and differences in energy amount diverge for liquid fuels,
this is probably caused by the large uncertainty for the carbon emission factor for crude
oil in the reference approach.

The result of a SMED study in 200772 indicates that the emission factor for crude oil
is biased and that a variable factor may be more suitable. It was however not recom-
mended to adjust historical values due to large uncertainties in underlying data, but to
conduct intermittent surveys of the crude oil calorific value and carbon content in the
future.

2 Gustafsson, 2007a

106



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

The general reason for remaining differences between the reference and sectoral approach
is that the energy statistics used in the reference approach are not fully adapted for the
emission estimations. More information about differences between the reference and
sectoral approaches is provided in a memorandum by Statistics Sweden.”® For some of
the latest years, preliminary energy statistics is applied in the reference approach and
sectoral approach, indicating that using final energy statistics in future submissions may
lead to revisions of the comparison of the approaches.

3.3.7 Feedstocks and non-energy use of fuels, CRF 1Ad

Activity data on feedstocks and non-energy use of fuels is collected from the quarterly
fuel statistics. As also noted in section 3.3.1.1, 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 facilitates the use of data for CRF table
1Ad, 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 section 3.3.5 and Appendix 17) multiplied by 12/44 (the
weight of one atom of carbon is by definition 12/44 the weight of one molecule of CO,).

For submission 2008 CO, emissions derived from non-energy use of fuels and re-
ported under CRF 1B and CRF 2 (e.g. flaring of gases and iron and steel process emis-
sions) are added under CRF 1Ad and linked to the CRF 1Ab as carbon stored.

3.3.8 Fugitive emissions from fuels, CRF 1B

3.3.8.1 SOLID FUELS, CRF 1B1
There are no coalmines in Sweden and hence no fugitive emissions from coalmines oc-
cur.
SO, emissions from quenching and extinction at coke ovens are reported in CFR 1B1b.
Flaring of coke oven gas, blast furnace gas and steel converter gas are reported in
CRF 1Blc since Submission 2004. The emissions from flaring of these fuels are calcu-
lated with Tier 2, i.e. with activity data directly from the plants, in the same way as for
emissions from stationary combustion. It should however be noted that uncertainties are
still high, since the amount of flared gas are not measured as carefully as combusted gas
(this statement is true for any plant).Table 1B1 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 from coke oven gas, blast furnace gas and steel converter gas in CRF Table 1B2.

73 Schéllin, 2002.
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3.3.8.2 OIL AND NATURAL GAS, CRF 1B2

3.3.8.2.1 Refineries, CRF 1B2A4

Sweden estimates 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 an-
nual environmental reports. Emissions are reported from catalytic cracking (CO, SO,,
NOy), 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/ total batched amount of raw material in the
plant) * total CO emission for the plant.

Due to some 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 pre-
vious years due to operational disturbances at one facility.

Fugitive emissions of NMVOC from refineries include emissions from the process
area as well as emissions from the refinery harbours when loading tankers. The estimates
are mainly based on reported data from the facilities' environmental reports and older
reports from the Swedish EPA74,75,76,77 and Statistics Sweden’®. The activity data, as
throughput of crude oil, is known for almost all years. Implied emission factors have been
developed, based on reported emissions and known activity data. Emissions for years for
which either activity data or emission data is missing have been calculated using the
emission factors thus developed. In Table 3.15, the reported emissions as well as activity
data can be seen.

The companies have only included the fugitive emissions of CH, from storage and
handling in their legal environmental reports for the later years. Since the activity data is
known for almost all years the emission of CHy4 has been calculated for the whole time
series using the implied emission factor for each plant. The reported emissions are very
uncertain due to limited measurements. In Table 3.17, the reported emissions as well as
activity data can be seen.

" Swedish EPA, 1990.
Swedish EPA, 1994a.
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 3.17 Throughput of crude oil in refineries and estimated fugitive emissions of NMVOC and
CH,4 (Mg) 1990-2006 for CRF 1B2A4.

Year Throughput of Total emissions of NMVOC Total emissions of CH,4
crude oll Mg Mg
Mg
1990 17 330 000 14 408 223
1991 16 590 000 12 900 222
1992 17 870 000 10 961 225
1993 18 723 684 10 311 249
1994 18 192 000 8933 258
1995 19 430 000 7643 270
1996 19 850 000 9661 272
1997 20 100 000 9749 271
1998 20 254 000 9 507 271
1999 19 483 034 10 350 244
2000 20 253 120 11 568 243
2001 19 592 852 9795 238
2002 19313714 10 195 259
2003 19 661 646 11 602 225
2004 20 611 941 8 957 256
2005 19 919 968 7 691 227
2006 20012 311 8 269 258

3.3.8.2.2 Gasoline handling and distribution, CRF 1B2A45

Calculated fugitive emissions of NMVOC from the storage of oil products have been
obtained from SPI”®. Calculations were based on the amount of gasoline handled in the
depots, based on methods given by Concawe 85/54%°. Approximately 30 depots have
been considered during later years. Gas recovery systems and the recovered amount of
gas have been considered in the calculations. Some years, for which no data was pro-
vided, data were interpolated. Handled amount of gasoline and fugitive emissions of
NMVOC from depots for 1990-2006 are presented in Table 3.20.

The calculation of the NMVOC time series for fugitive emissions from gasoline dis-
tribution, 1990-2006, 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 abatement technology at
gasoline stations®'. The basic assumptions are presented in Table 3.18.

79 . .
80 Ljung, 2006
Concawe, 1986, Hydrocarbon emissions from gasoline storage and distribution systems, Report No 85/54.

81 Andersson, 2000.
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Table 3.18 Assumptions for calculating fugitive emissions from the handling and distribution of
gasoline.

Parameter Assumption
Density of gasoline 730 kg/m* 1990 - 1996

750 kg/m® 1997 - 2005
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 3.19. The amount of gasoline sold at large and
small gas stations, respectively, was assumed to be 50/50 for the years 1990-1994. Data
on the distributed amounts of gasoline is taken from the newly developed EU road traffic
emission model ARTEMIS®? (Assessment and Reliability of Transport Emission Models
and Inventory Systems), cf Table 3.20. The ARTEMIS model is based on a bottom-up
approach considered to be Tier 2.

Table 3.19 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%

82 Annex 4
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Table 3.20 Handled and distributed amount of gasoline and estimated fugitive emissions of
NMVOC (Gg) from storage at depots and at gasoline stations, 1990-2006.

Year Volume of gasoline Fugitive emissions of NMVOC  Fugitive emissions of NMVOC
m® at depots at gasoline stations
Gg Gg

1990 5320700 2478 13.59

1991 5396 091 2.220 11.13

1992 5444 204 2.149 8.54

1993 5297 811 2.077 4.40

1994 5 382 390 2.006 3.14

1995 5412 336 1.934 3.16

1996 5399878 1.861 3.15

1997 5360076 1.772 3.22

1998 5322328 1.682 3.19

1999 5328 572 1.593 3.20

2000 5287753 1.503 3.17

2001 5280416 1.414 3.17

2002 5353 791 1.560 3.21

2003 5328770 1.569 3.20

2004 5294 687 1.709 3.18

2005 5269 509 1.670 3.16

2006 5 159 149 1.601 3.10

3.3.8.2.3 Transfer losses of gas works gas, CRF 1B2A6 Other

Reported fugitive emissions from 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.
Cast iron pipelines are used.

3.3.8.2.4 Flaring, CRF 1B2C2

Flaring of liquid fuels was estimated and reported for the first time in the Swedish inven-
tory in Submission 2005. Data includes flaring of refinery gases at two refineries and one
chemical industry, and flaring of LPG at three iron and steel plants and one pulp indus-
trial plant. Data has been collected directly from the plant operators.

3.3.9 Memo Items, CRF 1C

3.3.9.1 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 1Cl1, in accordance
with the 1996 revised IPCC Guidelines.

International bunkers from navigation are defined as fuels bought in Sweden, by
Swedish or foreign-registered ships, and used for transport to non-Swedish destinations.
The division on international and domestic fuels is based on information from the
monthly survey on supply and delivery of petroleum products. Sweden has not yet had
the possibility to verify how well this data correspond to how international and domestic
marine transport is defined in the [IPCC Good Practice Guidance.
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International bunkers from aviation are fuels purchased in Sweden and used for flights to
non-Swedish destinations. This includes the whole flight cycle, i.e. both LTO and Cruise,
see also sections 3.3.4.3 and 3.3.5.

3.3.9.2 MULTILATERAL OPERATIONS, CRF 1C2

Emission from multilateral operations are not included in the national total but instead
reported separately as a memo item in CRF 1C2, in accordance with the 1996 revised
IPCC Guidelines. These emissions are calculated based on information from the military
on the amount of fuel purchased in Sweden but used abroad by Swedish forces participat-
ing in international operations.

3.4 Uncertainties and time-series consistency

3.4.1 Uncertainty analysis

The uncertainty analysis tables are presented in Annex 2 and a general description of the
un-certainties is presented in section 1.7. For the energy sector, the largest uncertainties
arise from emission factors, especially for N,O and CHy.

3.4.2 Time series consistency
The time series are considered to be consistent.

3.5 QA/QC and verification

3.5.1 Quality Assurance
A quality system as part of the National System has been developed and is fully opera-
tional from January 2006 (Appendix 6). For more details see section 1.6.2.

3.5.2 Quality control

All quality procedures according to the Swedish QA/QC plan (including the Manual for
SMED:s Quality System in the Air Emission Inventories) have been implemented during
the work with this submission.

All Tier 1 general inventory level QC procedures and some specific Tier 2 QC proce-
dures, listed in Good Practice Guidance section 8, have been performed and are docu-
mented in checklists. 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 environmental reports and/or other independent
sources. Remarks in review reports from the UNFCCC have been carefully read and
when timely possible taken into ac-count. The reference and sectoral approaches have
been compared. A description is provided in section 3.3.6.
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3.5.3 Verification

As part of the inventory procedure for submission 2007, a separate study83 was performed
to verify the quality of all fossil fuel combustion-related CO,-emissions from the largest
plants (in terms of CO,-emissions) in Sweden in 2005. The verification consisted of a
comparison of 63 plant-specific SMED-data (energy statistics from the quarterly fuel
statistics) with data from the EU Emission Trading System (ETS). The results showed
that for 21 plants, accounting for about 50 % of the fossil fuel consumption of the 63
plants included in the study, no significant differences between the two data sources were
identified. For a number of plants, large differences occurred between the two data
sources. In 2007, 19 of these plants were further surveyed in another study®*. Again, en-
ergy statistics (the quarterly fuel statistics) and ETS data by plant were compared and
analyzed.

The results show that the reported fuel amount differs slightly between the data sets
and since ETS data are verified, they are likely to be more correct. Furthermore, on plant
level, the national thermal values and emission factors that are used for the GHG inven-
tory are not fully correct. Another deficiency in the quarterly fuel statistics is that uncon-
ventional fuels are often grouped and the emission factors of these fuels are associated
with very large uncertainties, since they are not specific for the current fuel and plant.
Finally, another problem is that some of those unconventional fuels are incorrectly classi-
fied. In the ETS some of these fuels are often partly biogenic and should hence be classi-
fied as "Other biomass".

In addition, CO, emissions 2005 and 2006 from the two largest iron and steel plants
in Sweden have been given extra attention in submission 2007 and 2008. GHG inventory
data, collected by Statistics Sweden, were compared with the ETS data. For 2005, the
results showed good coherence (< 5 % difference), whereas for 2006, the results indicate
significant differences (> 5 %). It is believed that the divergence occurring for 2006 to a
large extend is due to significantly larger CO, emission factor for blast furnace gas in the
ETS data. This calls for further analysis in submission 2009 and possibly a revision of the
GHG inventory CO, emission factor for blast furnace gas.

In 2005, a survey on fuel consumption in 2004 in the construction sector was carried
out by Statistics Sweden on behalf of the Swedish Energy Agency®®. The results from the
survey show little agreement with the fuel consumption estimated in the air emission
inventory. The reasons behind the discrepancies have not yet been investigated.

3.6 Recalculations

In this section explanations and justifications for recalculations in the energy sector are
made, as well as a description of significant implications for the reported emission levels.
Table 3.21 shows the percent changes for the GHG emissions by sub-sector and gas as
well as for the total level in the energy sector in 1990 reported in submissions 2008 com-
pared to data reported in submission 2007. As can be seen, despite the recalculations, the
total GHG emission level shows little change for the total level in the energy sector in
1990.

8 Backman & Gustafsson, 2006
Nystrém, 2007
Statistics Sweden EN0114, 2005
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Table 3.21 Recalculations of GHG emissions between submission 2008 and submission 2007 in
the energy sector.

CRF Recalculations (Gg CO; eq.)
1990 2002 2003 2004 2005

1 -122.06 -0.14 -0.15 7.33 -3.71
1A1 - - - - -86.15
1A2 -122.06 -0.78 -1.01 5.82 87.04
1A3 - 1.40 1.85 3.29 2.23
1A4 - -0.76 -0.99 -1.78 -2.19
1A5 - <0.01 <0.01 <0.01 <0.01
1B1 - - - - -4.64
1B2 - - - - -
CRF 1A and 1B:

e Thermal values for coke oven gas and blast furnace gas were revised for 2005
due to new information from the Swedish Energy Agency (from 18.232 to 18.045
GJ/1000 m® and 2.905 to 2.867 GJ/1000 m’, respectively). GHG emissions were
reduced by 4 Gg CO, equivalent and 42 Gg CO, equivalent, respectively.

CRF 1A1b:
e Revised activity data for petroleum coke in 2005 resulting in reduced emissions
of about 46 Gg CO, equivalent.

CRF 1A2a:
e Activity data and all emissions were revised for one plant in 1990 due to double
counting of liquid fuels resulting in about 122 Gg CO, equivalent lower emis-
sions.

CRF 1A2a and 1A5a:
e Transformation losses of energy have been reallocated from CRF 1A2a to 1A5a.

CRF 1A2c:
e Corrected fuel classification (from other not specified fuels to refinery gases) for
one plant in 2004 and 2005 due to new information through the ETS resulting in
increased emissions of about 6 Gg CO, equivalent.

CRF 1A2d:
e  Minor correction of biomass data 2005.

CRF 1A2f:
e Activity data and all emissions were revised for small companies in 2004 and
2005 due to updated energy statistics resulting in increased emissions of about 2
Gg CO,; equivalent and 85 Gg CO, equivalent, respectively.
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CRF 1A2f:
e Diesel consumption for 2002-2005 adjusted following an update of the
ARTEMIS model. Results in very minor adjustments (< 0.11 %) of the emissions
of all substances 2002-2005.
e NO, emissions from mobile combustion drop between 31 to 51 % for 2000-2005
due to new data from reports on emissions from off-road vehicles and other ma-
chinery.

CRF 1A3b:
e FEmissions of all substances 2002-2005 slightly adjusted (< 0.35 %) following an
update of the ARTEMIS model. CO, emissions increased between 1.5 to 4.2 Gg.
e (O, from Biomass for 2005 adjusted 0.2 Gg or 0.55 % following a small adjust-
ment of the Biogas consumption.

CRF 1A3c:
e New data from the Swedish Rail Administration lead to revised emissions by less
than 3% or for example 1.7 Gg CO, for all substances for 2005.

CRF 1A3d:
e Emissions of all substances 2002-2004 slightly adjusted (< 0.01 %) following an
update of diesel consumption in the ARTEMIS model.
e FEmissions of all substances 2005 adjusted between 0.01 and 1.5 % following an
update of diesel consumption in the ARTEMIS model and an update of emission
factors from the Swedish Maritime organization.

CRF 1A3e:
e Diesel consumption for 2002-2005 adjusted following an update of the
ARTEMIS model. Results in very minor adjustments (< 0.11 %) of the emissions
of all substances 2002-2005.
e NO emissions adjusted by between -10 and 21 % for 2000-2005 due to new data
from reports on emissions from off-road vehicles and other machinery.

CRF 1A4b
e Diesel consumption for 2002-2005 adjusted following an update of the
ARTEMIS model. Results in very minor adjustments (< 0.11 %) of the
emissions of all substances 2002-2005.
e NOy emissions drop between 6 and 31 % for 2000-2005 due to new data from re-
ports on emissions from off-road vehicles and other machinery.

CRF 1A4c:
e Diesel consumption for 2002-2005 adjusted following an update of the
ARTEMIS model. Results in very minor adjustments (< 0.11 %) of the emissions
of all substances 2002-2005.
e NOy emissions drop between 20 and 39 % for 2000-2005 due to new data from
reports on emissions from off-road vehicles and other machinery.
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CRF 1A5b
¢ Emissions of all substances were revised for 1990-2004 as a consequence of the
new ARTEMIS model leading to new emission factors for military road traffic.
e Emission factors for SO, were revised for all years.

CRF 1Bl1b:

e SO, emissions from quenching and extinction at coke ovens were corrected, 2000

- 2005, due to new information from one facility.
CRF 1B2av:

e Fugitive NMVOC emissions from handling of gasoline at depots were updated
for 2005. Activity data, volume of gasoline, used for calculating fugitive emis-
sions from distribution of gasoline were changed for 1990-2005 with data from
the ARTEMIS model. This made that the Fugitive emissions at gasoline stations
were updated for 1990-2005.

3.7 Coming improvements

For future submissions a number of actions are planned in order to, where appropriate,
improve the quality of the inventory for the Energy sector.

For some fuels (Table 3.22), no specific emission factors are available and hence
emission factors from similar, more common fuels are used. When resources are avail-
able, these emission factors should be revised.

Table 3.22 Fuel types for which specific emission factors are not available in the inventory.

Fuel type Emission factor used

Kerosene Gasl/diesel oil

Landfill gas Natural gas

Other biomass Wood

Other petroleum fuels Swedish default for “other fuels”
Other solid fuels Swedish default for “other fuels”

Other not specified fuels Swedish default for “other fuels”

Refinery gases Swedish default for “other fuels” except for CO,, SO, and NOx where national
values are used
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4 Industrial processes (CRF sector 2)

4.1 Overview

The industrial sector in Sweden has historically been dominated by base industries such
as mining, the iron and steel industry and the pulp and paper industry. Other important
industries when considering emissions of greenhouse gases from industrial processes
include the cement industry, primary aluminium production and some processes in the
chemical industry, e.g. nitric acid production.

Among the industries in this sector, the most important emissions of greenhouse gases
are CO, from metal production and mineral products, N,O from nitric acid production
and PFCs from primary aluminium production. Greenhouse gas emissions from the in-
dustrial processes sector have increased from 5 792 Gg CO, equivalents in 1990 to 6 151
Gg CO; equivalents in 2006, an increase of 6.2%.

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 alu-
minium production process. No production of halocarbons or SF¢ occurs in Sweden.

The consumption of fluorinated greenhouse gases has increased substantially since 1990.
The use as refrigerants in refrigerators, freezers and air-conditioning equipment has con-
tributed the larger share in later years.

Generally four sources of information concerning activity and emission data for the
industrial process sector have been used:

e Emission data as reported annually by facilities in legally-required envi-
ronmental reports to the authorities

e National production statistics or similar information at national level

e Plant specific data from the EU emission trading scheme

e Plant specific data collected by direct contacts with facilities

Under Swedish environmental laws, operators performing environmentally hazardous
activities that require a permit by law are compelled to compile and submit an annual
environmental report to their supervisory authority. The environmental report consists of
three parts:
e Basic identification information about the facility.
e Text section (for example, a description of the facility and the processes,
the use of energy, chemicals and raw materials, emissions and conditions
in the permit).
e Emission declaration (for example, production data, fuel consumption
data, emission data and, in some cases, information on how emission data
has been determined).

The data in the environmental reports often originates from measurements or mass bal-
ances. The use of default emission factors is limited. Only the operators that exceed the
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thresholds for the substances listed in Swedish environmental law governing environ-
mental reports®® are obliged to compile the emission declaration.

The County Administrative Boards audit the data presented in the operators’ envi-
ronmental reports and feed it into an emission database, EMIR. This database includes
not only emissions, but also basic information about the facilities, such as their activity
code (national code system, adjustment of NACE four digits), IPPC code and permit,
location coordinates, etc. The procedure for updating the EMIR database is not regulated
by legislation, which results in some inconsistencies in the database.

In cases when there are a large number of companies within a specific sector, and not
all environmental reports are available, a combination of information from environmental
reports and production statistics at the national level are used to estimate the sector’s
emissions. The use of emission factors is limited and, when used, they are nationally
derived or specific for a facility.

Estimates of CO, emissions from industrial processes at national level are calculated
on the basis of information on the production and use of raw materials (e.g. limestone,
dolomite, carbon electrodes, relevant fuels, etc). The methodologies are in accordance
with the IPCC Good Practice Guidance. From 2005 and onwards, data on the production
and use of raw materials have been acquired from the EU Emission Trading Scheme
(ETS) and through direct contacts with the industries. For facilities included in the ETS,
ETS data have been used where the estimates are in accordance with [IPCC Good Practice
Guidance. For all other facilities, data has been acquired through direct contacts with the
industries.

4.2 Mineral products, CRF 2A

4.2.1 Source category description, CRF 2A

Reported emissions include estimates for cement production (2A1), lime production
(2A2), limestone and dolomite use (2A3), soda ash use (2A4), asphalt roofing (2A5), road
paving with asphalt (2A6), and other (2A7). In the source category other (2A7), iron and
non-iron activities including sintering and pelletising and other ore dressing plants, glass
and mineral wool production, glass production and LECA production are included. Until
1998 also emissions from battery manufacturing are included in code 2A7.

4.2.1.1 CEMENT PRODUCTION, CRF 2A1

Cement production occurs at three facilities in Sweden, with one being dominant. Emis-
sion data is taken from environmental reports, EU ETS and by direct contacts with the
facilities. Calculation methods have been discussed with the industry.

4.2.1.2 LIME PRODUCTION, CRF 2A2

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. In
Sweden, conventional lime is produced at a number of facilities, owned by two compa-

8 NFS 2000:13, Naturvardsverkets foreskrifter om miljérapport for tillstandspliktiga miljéfarliga verksamheter.
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nies. There are also industrial plants that produce and use the lime in the production of
sugar and pulp.

4.2.1.3 LIMESTONE AND DOLOMITE USE, CRF 2A3

Limestone and dolomite are used in various processes such as glass production, mineral
wool production and iron sinter production (further described below in 2A7). The use of
limestone and dolomite in these processes give rise to emissions of CO,. Glass is pro-
duced at two large facilities and a number of smaller facilities. Five facilities produce

glass- and mineral wool. Limestone and dolomite are also used in the production of ce-
ment (2A1), lime (2A2) and carbide (2B4).

4.2.1.4 SODA ASH USE, CRF 2A4

Soda ash is used in the production of glass, glass wool, moist snuff and chemicals i.e.
deter-gents, and also in flue gas desulphurisation at energy plants. Soda ash is not pro-
duced in Sweden.

4.2.1.5 ASPHALT ROOFING, CRF 2A5

Since the end of the 1990°s there have only been two companies in Sweden producing
asphalt-saturated felt. Production and emission data provided by the manufacturers 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.

4.2.1.6 ROAD PAVING WITH ASPHALT, CRF 2A6

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 bitu-
men solutions. Industry representatives estimated that the naphtha content in the solutions
used for road paving was on average 23%, 20%, 17%, 17% and 17% in 2002, 2003, 2004,
2005 and 2006 respectively. In this inventory, only NMVOC emitted in the process of
paving the roads is included.

42.1.7 OTHER, CRF 2A7
Specified sub-categories under this heading are “Iron ore mining and dressing”, “Non-

Iron ore mining and dressing”, “Glass and mineral wool production”, “Glass production”,
“Battery manufacture” and “Light expanded clay aggregate (LECA)“.

4.2.1.7.1 Iron ore mining and dressing, CRF 247

There are currently two major iron ore mines and three facilities producing pellets in
Sweden. Until 1995, emissions from a now closed sinter producing facility are also in-
cluded. Emissions considered in CRF 2A7 are 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¥. No data concerning the CO emissions are
available and the time series 1990 — 2006 is thus reported NE. Emissions of CO, from the

87 Wieland, M.S. 2004.
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use of limestone and dolomite are reported in CRF 2A3. Estimated emissions from com-
bustion of fuels are included in the Energy sector (CRF 1).

4.2.1.7.2  Non-Iron ore mining and dressing, CRF 2A7

The only emissions reported for the non-iron ore mining and dressing are, in this submis-
sion, NOx released from use of explosives. But, as mentioned above, also CO is emitted.
No data concerning the CO emissions are available and the time series 1990 — 2006 is
thus reported NE. Estimated emissions from combustion of fuels are included in the En-
ergy sector (CRF 1).

4.2.1.7.3 Glass and mineral wool, CRF 247
Glass and mineral wool production occurs at three facilities run by two companies. Be-
fore 2004 there were four facilities but one closed down during 2003.

4.2.1.7.4 Glass production, CRF 247

In Sweden there is one facility for float glass production, one for container glass and
several small facilities for manual glass production. From the float glass production, SO,
and NOx emissions are considered in the estimates, with the high temperature NOx,
formed in the process, being the most important. From the container glass production,
SO, emissions originating from the raw material and small amounts of NMVOC are re-
ported. All other emissions from the glass production facilities are from combustion for
energy purposes, and are allocated to the Energy sector (CRF 1).

4.2.1.7.5 Battery manufacturing, CRF 2A7

One battery producer of NiCd-batteries previously used iso-propanol in their processes,
which gave rise to emissions of NMVOC. The process was changed in 1998 and, since
then, no NMVOC emissions occur from this source.

4.2.1.7.6 Light expanded clay aggregate- LECA production, CRF 247

LECA is burnt clay bullets and is made by drying and expanding clay by heating it and
adding limestone and other carbon containing material. During the production CO, is
emitted from the burning of fuels, reported in CRF 1A2f, but CO; is also emitted from the
clay, the limestone and the other carbon containing material. LECA production occurs at
one plant in Sweden.

4.2.2 Methodological issues, CRF 2A

4.2.2.1 CEMENT PRODUCTION, CRF 2A1

All three cement-producing facilities (owned by one company) are covered in the re-
ported estimates and the time series is considered accurate and consistent. Emissions have
been estimated based on ETS data as well as direct information from the company. Emis-
sions of NOy are allocated to the energy sector while SO, and CO, emissions are allo-
cated to industrial processes, according to the IPCC Guidelines.
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The method for calculating emissions of CO, from cement production is in line with the
Good Practice Guidance (Tier 2) based on clinker production and a cement kiln dust
(CKD) correction factor, and the time series is considered to be consistent.

For CO, estimates for 1990-2004, the cement company uses the GHG protocol made
on initiative by the WRI for the WBCSD (Working Group Cement CO, Emissions Inven-
tory Protocol, Version 1.6.), see Facts about the GHG protocol below and on their web-
site®®. The protocol has been used for all years except 1991-1994 and 1996, since not
enough information was provided from the plants. Instead the cement company has re-
ported production and emissions based on mean values from adjacent years for 1991-
1994 and 1996. Data that is reported in the protocol to calculate process emissions is
clinker, cement and dust production and the use of limestone and raw meal. The process
emissions (Mg CO,) are then automatically calculated and presented from raw material
converted to clinker and from by-pass dust and CKD discarded.

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 in-
cluded.

Over 500 experts have developed the protocol and it is used by over 150 companies including
industry associations representing pulp and paper, aluminium and cement.

The protocol for CO, emissions from the production of cement (WBCSD CSI, version 2.0) can
be found on: http://www.ghgprotocol.org/templates/GHG5/layout.asp?type=p&Menuld=0OTAx

4.2.2.1.1 CO;(Gg)
Emissions of CO, are based on the production of clinker:

Production of cement clinker (kton) * 0.525 (Gg CO-/ kton clinker = default value in the GHG-
protocol) * CKD correction factor.

The company producing cement has provided data on clinker production and total emis-
sions of CO, for 1990 - 2004. From 1990 - 2003 the remaining parameters, such as emis-
sions from limestone and dusts, are calculated based on the available information together
with the GHG-protocol default emission factor for clinker. In 2004 data for the remaining
parameters was acquired through contacts with the cement company. From 2005, data on
clinker production and total CO, emissions is retrieved from the ETS. The ETS data lack
information on emissions from dust. Discussions with the cement producing company
indicate that CO, emissions from dust are no longer existent at Swedish cement produc-
tion sites, and there is an ongoing discussion about the accuracy of the current estimates
of CO, from dust. However, until this issue is resolved, CO, emissions from dust from
2005 and onwards are set to the same amount as for 2004.

In Table 4.1 data is shown for clinker production, emissions from production, the cal-
culated emissions from CKD and the resulting CKD correction factor. The CKD correc-
tion factor is generally lower than the IPCC default value (1.02) which is line with the
conception that dust emission in Sweden are low or non-existent.

88 http://www.ghgprotocol.org. 2005-10-20.
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The implied emission factor (kton CO,/kton clinker produced) is due to added emission
from CKD a bit higher than 0.525 Gg CO,/ Gg clinker and also higher than the IPCC
Guidelines default value (0.5071 Gg CO, /Gg produced clinker) in which emissions from
dust are not included.

Table 4.1. Data on production and specific emissions from the production of clinker.

Year Clinker Total CO, CO; from CO; from CO; from organic CKD
production ~ emissions clinker CKD carbon content of  correction
raw meal factor
kton kton kton kton kton

1990 2348 1272 1233 13 27 1.010
1991 2099 1137 1102 11 24 1.010
1992 2007 1089 1054 12 23 1.012
1993 2011 1092 1056 13 23 1.013
1994 2043 1109 1073 13 23 1.013
1995 2405 1296 1263 6 27 1.005
1996 2255 1225 1184 15 26 1.013
1997 2047 1105 1075 7 23 1.007
1998 2105 1133 1105 4 24 1.004
1999 2116 1139 1111 4 24 1.004
2000 2 389 1288 1254 6 27 1.005
2001 2472 1332 1298 6 28 1.004
2002 2372 1280 1245 8 27 1.007
2003 2235 1206 1173 7 25 1.006
2004 2386 1284 1252 5 27 1.004
2005 2457 1341 1308 5 28 1.004
2006 2660 1470 1435 5 30 1.003

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 produc-
tion company reports the CaO content of the clinker to be approximately 65 %. Data on
the non-carbonate feeds to kilns is not available.

4.2.2.1.2 SO, (Gg)

Data on SO, emissions from cement production has been obtained directly from the com-
pany or from the environmental reports to the authorities. Reported emissions for 2006
have decreased compared to previous years.

4.2.2.2 LIME PRODUCTION, CRF 2A2

42221 CO,(Gg)

The emissions of CO, from the production of lime are based on data from all lime-
producing companies in Sweden. Activity data for conventional lime, quicklime and
hydraulic lime production is collected from the Swedish lime association and covers all,
in total eight plants. For the conventional producers, the emissions of CO, are calculated
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by multiplying the amount of quicklime and dolomite lime with the IPPC’s default emis-
sion factors:

0.785 Gg CO, / Gg quicklime 0.913 Gg CO, / Gg dolomite lime

Activity data also include lime produced in order to purify sugar. This amount is collected
through direct contact with the only sugar producing company in Sweden. The calcula-
tions of CO, emissions are based on the consumed amount of limestone (CaCOs3). How-
ever, most of the CO, emitted from the limestone calcination is recycled into the sugar
purification process and not emitted to the atmosphere. The sugar-producing company
assumes that the stone they use consists of 97 % limestone and that they have recycled an
average 87.5 % of the emitted gases between 1990-2004 and 92 % from 2005. The emis-
sion factor for limestone (CaCQO;) is:

0.44 Gg COy/ Gg CaCO;  whichis equalto 0.785 Gg CO, / Gg CaO

Finally, lime is also produced to recycle cooking chemicals within the pulp and paper
industry. This part of the activity data consists of make-up lime estimated based on pulp
production data reported by the Pulp and Paper Trade Association. Make-up lime is the
part of the lime added in the process that is not recycled. Most of the lime can be reused
and only 5% of the lime needed is new make-up lime. The amount of make-up lime used
is about 19.75 ton/ Gg pulp. Emissions are calculated by using emission factors provided
by the pulp and paper industry®® (Table 4.2). The emission factor has not been updated
since 2002.

Table 4.2. Emission factors used for lime production within the pulp and paper industry

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002-06

Emission factor
129 126 123 120 118 115 112 105 101 97 93 89 87
(kton COy/kton pulp)

The UNFCCC expert review team has commented the relatively low implied emission
factor (IEF) that the reported Swedish emissions result in. The IEF for the conventional
lime production is 0.79 as seen in

8 Haglind, Ingrid. 2005. Swedish Forest Industries Federation.
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Table 4.3, but since the reported data also includes emissions from sugar and pulp &
paper industry, which recycles lime, the total IEF is hence only around 0.55 kton
COy/kton lime produced.

124



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

Table 4.3. Production of conventional lime and lime in the pulp & paper and sugar industry, to-
gether with the estimated implied emission factors for the different kind of lime production.

Year Conventional IEF conven-  Production in IEF Sugar Production in  IEF Pulp and
production tional produc- sugar indus-  industry pulp and paper indus-
based on tion try based on paper indus-  try
limestone limestone try based on

limestone
kton t/t kton t/t kton t/t

1990 461 0.79 51 0.10 301 0.26

1991 397 0.79 29 0.10 306 0.25

1992 337 0.79 38 0.10 306 0.25

1993 369 0.79 42 0.10 316 0.24

1994 439 0.79 41 0.10 314 0.24

1995 440 0.79 42 0.10 319 0.23

1996 431 0.79 42 0.10 315 0.22

1997 498 0.79 44 0.10 335 0.21

1998 576 0.79 39 0.10 331 0.20

1999 516 0.79 41 0.10 337 0.19

2000 578 0.79 38 0.10 378 0.19

2001 577 0.79 36 0.10 375 0.18

2002 606 0.79 39 0.10 387 0.17

2003 626 0.79 34 0.10 375 0.17

2004 591 0.79 32 0.10 390 0.17

2005 679 0.79 33 0.06 391 0.17

2006 708 0.79 37 0.06 394 0.17

Data reported to the UNFCCC has been compared with national statistics collected from
lime producers in a postal survey by Statistics Sweden, in line with the Good Practice
Guidance Tier 2.%° The comparison (Figure 4.1) shows that national statistics are more
irregular but for most years the coherence is good. The differences are especially high in
1990-91 and 2000. Unfortunately there are no explanations for these differences. Since
data collected for the national inventory are consistent, i.e. the same plants are included
all years, and less volatile than the national statistics, the national inventory data has been
chosen for the calculations of CO, from lime production.

% Statistics Sweden. Data from the Industrial production database: www.scb.se
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Figure 4.1. National total on produced amount of lime according to data from Statistics Sweden and
reported data in CRF 2A2.

Note that quicklime 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 4.1, but it is most likely not. The
reported emissions of CO, are considered to be consistent, accurate and complete for the
whole time series. In the CRF reporter in submission 2008, recovered carbon in sugar and
pulp industry have been reported as CO, recovery.

42222 S0, (Gg)

The emissions of SO, have been estimated for production of quick lime. Estimates were
made for the period 1990 — 2006. The estimations from quick lime production were cal-
culated using emission factors presented in environmental reports by one of the produc-
ers”!.

The activity data has been calculated by subtracting figures on amount of limestone
used for cement production from statistics on quarried amount of limestone and dolo-
mite®. The production of quick lime has been provided by the Swedish Trade Union for
Lime Producers®. Emissions of SO, from quick lime production intended for the pulp
and paper industry are not included in the estimates reported in CRF 2A2. Emissions
originating from the production of quick lime for the iron and steel industry are from
2000 and henceforth included in CRF 2A2.

4.2.2.3 LIMESTONE AND DOLOMITE USE, CRF 2A3

CO; emissions from the use of limestone and dolomite are reported in CRF 2A3 in line
with the Good Practice Guidance. The calculations are made by applying the [PCC
Guidelines default emission factors for limestone and dolomite for the different produc-
tion sectors.* Emissions arise mainly from production of glass (mainly two big compa-
nies), mineral wool (two companies) and ore-based iron pellets (one company). It also

o Nordkalk, http://www.nordkalk.com
Bergverksstatistik, 1990 — 2006. Geological Survey of Sweden, SGU
Svenska Kalkféreningen.

% IPCC. Revised 1996 Guidelines for National Greenhouse Gas Inventories: Reference Manual section 2.5.2
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includes the use within production of steel (two plants), chemical products-detergents
(one plant), tile (one plant) and from scrubbers in energy production plants (five plants).
Formula for CO, emissions from limestone and dolomite:

LimestoneGg * f * 44.0098/100.0892= Gg CO,
DolomiteGg * f * 88.02/184.4 = Gg CO.,

where f'is the purity of the limestone and dolomite, set to 0.97 and 1.0 respectively, and
44.0098, 100.0892, 88.02, and 184.4 are the molecular weights. An amount of 900 ton
CO; per year are added to account for all smaller glass production plants, due to lack of
more detailed information

The emissions have increased during the reporting period due to higher limestone and
dolomite use in the production of ore-based iron pellets and in the glass industry. This
increase is however 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 limestone
and dolomite for raw glass wool production.

Some energy plants have installed scrubbers towards the end of the reporting period
leading to increased emissions from limestone and dolomite use.

Data on the use of limestone and dolomite have been acquired from environmental
reports, the ETS and through direct contacts with the companies. The time series are con-
sidered accurate, consistent and complete for the major companies. It is however likely
that there are small companies using limestone and dolomite that are not included in the
Swedish inventory, but all plants that are included in the ETS are also included in the
CREF data. Since a constant is added to account for emissions from small glass producers,
emissions from any remaining unknown plants are considered to be very small and would
hardly influence the reported emissions.

CO, emissions from the use of limestone and dolomite as e.g. slagging agents within
the iron and steel industry are reported in the source category where the carbonates are
consumed, i.e. CRF 2C1. This is in line with the 2006 IPCC Guidelines. During the 2007
UNFCCC review of the Swedish GHG inventory Sweden was recommended to follow
the revised 1996 IPCC Guidelines and account for all limestone and dolomite use in CRF
2A3, until the proposed 2006 IPCC Guidelines are officially adopted. Sweden has chosen
not to follow this recommendation since it will require too much resources to alter the
current methodology into a methodology that will be not be in line with good practice
when the 2006 IPCC Guidelines are adopted, which the current method will be.

4.2.24 SODA ASH, CRF 2A4
In 2005 a study was carried out to collect data on soda ash use and calculate CO, emis-
sions.” From this study it became clear that production of soda ash does not occur 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, glass wool, moist snuff and chemicals

e in flue gas desulphurisation at energy plants

% Nystrom. 2004. SMED-report: CO2 from the use of soda ash.

127



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

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 information from
expert organisations®® and the dominant snuff manufacturer. The summarized soda ash
use can be seen in Figure 4.2 as the ‘Sub 2008’-line. The dip in soda ash use in 1999 is
caused by an operational production stoppage at one of the glass manufacturers.

The emissions are calculated by applying the IPCC Guidelines default emission fac-
tors for soda ash for all activity data:

Emissions of CO; (Mg) = SodaMg* 44.0098/105.9884 (molecular weights)

Data on the use of soda ash have been acquired from the ETS and through direct contacts
with the reporting companies. To verify these data, information is also collected from the
Swedish Chemicals Inspectorate (Keml) which has collected data from companies that
sell and import soda ash since 1992. A comparison is made between data collected and
reported to the UNFCCC and national statistics provided by Keml (Figure 4.2). As can be
seen, the levels are about the same, but national statistics is more volatile, which is be-
lieved to be a result of a greater variation in the number of companies reporting data to
the national statistics. Since 1998, soda ash use reported to the national statistics is higher
than that reported to the UNFCCC. The reason for this difference has not been identified.
However, the plants that report the greatest consumption are included in both datasets. In
choosing time series data, data reported for national GHG estimations is believed to be
more consistent and complete since it is gathered through the ETS and direct contact with
the same plants every year and include all major contributors. National statistics are be-
lieved to be of weaker quality since the soda ash use at chemical plants has varied much
(extremely high in 1996, 2002 and 2003) which might depend on data not being correctly
reported. A comparison between data for 2006 is not possible since data from Keml is
lagging two years.

% The Swedish Chemicals Inspectorate (Keml)
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Figure 4.2. Total use of soda ash according to National statistics (Keml), and as reported in the CRF in
Submission 2008.

The time series is consistent and complete for the major plants, but it is not totally certain
that all plants using soda ash are included. However, according to the comparison with
data reported to Keml, potential deficits in the data are expected to be small. A compari-
son between data for 2005 is not possible since data from Keml is lagging behind by two
years.

4.2.2.5 ASPHALT ROOFING, CRF 2A5
Data on the total Swedish production of asphalt-saturated felt was provided by the pro-
ducing companies. Emission factors for asphalt roofing manufacture are presented in
EMEP/CORINAIR Emission Inventory Guidebook.”” These are based on studies per-
formed 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 recom-
mended that better factors should be developed and used.

After contact with the industry, emission factors based on measurements and calcula-
tions made by the manufacturers were developed before submission 2005 for estimating
the NMVOC emissions from the Swedish production of asphalt-saturated felt (

o7 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 Planning and
Standards, Emission Inventory Branch. MRI Project No. 4601-01.
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Table 4.4)%°.

% Danielsson, H. 2004. SMED report: Investigation on the occurrence of emissions from asphalt roofing in
Sweden.
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Table 4.4. Estimated emissions of NMVOC from manufacturing of asphalt-saturated felt (CRF
2A5) in Sweden 1990 — 2006.

Year NMVOC emissions from asphalt roofing, 2A5
Mg

1990 77.7
1991 80.2
1992 79.8
1993 89.5
1994 97.4
1995 98.6
1996 92.4
1997 99.6
1998 99.1
1999 98.4
2000 111.1
2001 112.9
2002 109.2
2003 101.1
2004 113.7
2005 139.7
2006 132.7

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, sepa-
rate 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.

4.2.2.6 ROAD PAVING WITH ASPHALT, CRF 2A6

Estimates for the early 1990s are taken from investigations and inventories made in the
early 1990s. Data for the last five years has been calculated based on information 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 4.5). In the calculations no emissions from imported sol-
vent-based bitumen are used. The amount of imported solvent-based bitumen is most
likely very small.
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Table 4.5. Emissions of NMVOC 1990-2006 from road paving with asphalt.

Year NMVOC from road paving with asphalt
Mg
1990 6 200
1991 5900
1992 5600
1993 5000
1994 4400
1995 3800
1996 3200
1997 2600
1998 2000
1999 1600
2000 1170
2001 1080
2002 845
2003 603
2004 920
2005 1230
2006 750

4.2.2.7 OTHER, CRF 2A7
Specified sub-categories under this heading are “Iron ore mining and dressing”, “Non-

Iron ore mining and dressing”, “Glass and mineral wool production”, “Glass production”,
“Battery manufacture” and “Light expanded clay aggregate (LECA)".

4.2.2.7.1 Iron ore mining and dressing, CRF 247
Data on production statistics as well as on SO, emissions have been supplied by the fa-
cilities for the entire time period, 1990 - 2006. Emissions considered in CRF 2A7 are SO,
from the sulphur content in the ore, and NOx emitted as a result of the use of explosives,
with emission values only reported 2003 - 2006. Data on NOx emissions are collected
from the companies' environmental reports to the authorities.

In the iron sinter production, limestone and dolomite used cause process emissions of
CO, and are allocated to CRF 2A3 instead of CRF 2A7.

4.2.2.7.2 Non-Iron ore mining and dressing, CRF 247

Data on NOyx emissions from use of explosives within the non-iron ore mining industry
are reported 2002 — 2006, but for the years 1990 — 2001 no information is presently avail-
able. Data on NOx emissions are collected from the companies' environmental reports to
the authorities.

4.2.2.7.3  Glass and mineral wool production

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 to-
gether with earlier total estimates. The emissions of NMVOC consist of formaldehyde
and phenol.
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Within mineral wool production, the limestone and dolomite used cause process emis-
sions of CO, and are allocated to CRF 2A3 instead of CRF 2A7. 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 2A7. Activity data on the slag
consumption has been obtained for the mentioned 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

4.2.2.7.4 Glass production
Emissions of CO, from glass production are reported in CRF 2A3 and 2A4 instead of
CRF 2A7.

The process-related SO, emissions from container and float glass production are re-
ported for the period 1990 — 2006 in CRF 2A7. The reported NOx emissions originate
from the production of float glass. Data has been provided directly by the companies or
collected from their environmental reports.

4.2.2.7.5 Battery manufacture

NMVOC emissions from battery manufacture for the period 1990-1998 are compiled
from data presented in the companies' environmental reports. The process has changed
and no emissions occur after 1998.

4.2.2.7.6 Light expanded clay aggregate (LECA)

Activity and emissions data for 1990 - 2004 is retrieved directly from the production
plant, split into emissions from clay and emissions from additives (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.

The implied emission factor may vary somewhat from one year to another because of
the specific composition of limestone, clay and additives with different carbon contents.
The use of limestone and other additives has declined in favour of clay which today con-
tributes to about 88 % of all process related CO, emissions from LECA production. Re-
ported data are considered to be consistent and complete.

4.2.3 Recalculations

4.2.3.1 CRF2A2
e Reported emission of SO, 2005 slightly adjusted due to updated activity
data.
e Emission of CO, slightly adjusted (0.06 %) for 2005 due to updated activ-
ity data provided by one of the manufacturers.

4.2.3.2 CRF2A3

e Reported emission of CO, slightly adjusted for 1990 - 2003 (-0.037—
0.156 %) due to the correction of an earlier double counting.
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4.2.4 Coming improvements
No major measures to improve estimates are presently planned.

4.3 Chemical industry, CRF 2B

4.3.1 Source category description CRF 2B

Sources covered in the reporting are nitric acid production (2B2), carbide production
(2B4) and other (2B5), which include a large variety of processes in the chemical indus-
try. No ammonia production (2B1) or adipic acid production (2B3) occurs in Sweden.

4.3.1.1 AMMONIA PRODUCTION, CRF 2B1

There is an annual production of about 5 Gg of ammonia in Sweden, according to UN
statistics'®°. This ammonia is however not intentionally produced, but is a by-product in
one chemical industry producing various chelates and chelating agents, such as EDTA,
DTPA and NTA'". Emissions from this industry are included in CRF code 2B5. Ammo-
nia production, 2B1, is thus reported as NO in the CRF-tables.

4.3.1.2 NITRIC ACID PRODUCTION, CRF 2B2

Production of nitric acid has taken place at three facilities in Sweden during 1990-2000.
One of these was shut down in 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.

4.3.1.3 CARBIDE PRODUCTION, CRF 2B4

Carbide production is carried out at one facility in Sweden. All CO, emissions from the
industry are included in the code 2B4 (both from energy and process) due to lack of
background data.

4.3.1.4 OTHER, CRF 2B5

This sub-category includes various chemical industries, such as sulphuric acid produc-
tion, the pharmaceutical industry, production of base chemicals for plastic industry, vari-
ous organic and inorganic chemical production and other non specified chemical produc-
tion, which are not covered elsewhere. Approximately 70 larger industrial facilities are
included in the emission estimates. Emissions of CHy4, N,O, NOx, CO, NMVOC and SO,
are reported. It is possible that some emissions of NMVOC reported in CRF 2B5 should
be reported in CRF 3C (e.g. pharmaceutical industries), but since it has been difficult to
make the distinction clear between process emissions and solvent use, all NMVOC emis-
sions from these facilities have been included in CRF 2B5.

100 UN. Commodity Production Statistica Database. Department of Economic and Social Affairs, Statistics
%\/iSiOh,. As referred in FCCC Synthesis and Assessment report 2002 Part 1.

Kindbom, 2004. SMED report: Investigation on the occurrence of ammonia production in Sweden. 2004-05-
11.
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4.3.2 Methodological issues, CRF 2B

4.3.2.1 NITRIC ACID PRODUCTION, 2B2

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. Emis-
sion data are not available for all facilities for 1991-1993. Since two plants have been
shut down, it is no longer possible to acquire this information. Calculations have therefore
been made based on production statistics and an assumed emission factor (Table 4.6). 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. The fluctuations in the calcu-
lated total EF for N,O 1994 - 2002, as can be seen in Table 4.6, is mainly due to fluctua-
tions in one of the facilities. Activity data and reported emissions have been acquired
from previous reporting in e.g. environmental reports from the facility. 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.

Table 4.6. Activity data, emission factors and emissions for N,O for nitric acid production

Year Production of nitric acid  Calculated EF (1990 and 1994-2001), Emissions of N2O,
Gg 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 5.56 217
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 5.41 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

*Emission factors have been assumed

The lower level of N,O emissions from 2001 and onward compared to earlier years is a
result of one facility being shut down in late 2000 and a second one during 2001. Emis-
sions for all years, except 1991 - 1993, are as reported from the facilities.
Documentation has been received from the facility concerning production data, pro-
duction capacity and abatement measures, emission factors used and the method of esti-
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mating emissions as well as uncertainty in emission estimates. However, this information
is considered confidential.

4.3.2.2 CARBIDE PRODUCTION, CRF 2B4
Calcium carbide is produced by a high-temperature fusion of coke and lime. This process
leads to emissions of CO, and SO,.

Data on produced amount of carbide is provided in the company's environmental re-
port and is used to calculate emission of CO,. The emission factor used for the calculation
of CO, emissions is based on the reported emissions and the amount of carbide produced
presented in the 2002 environmental report. In the calculations, emissions from the use of
limestone, gas and coke are all included. The emission factor of 1.25 kton CO,/kton pro-
duced carbide is comparable with the IPCC Guidelines default value of 1.37 kton
COy/kton produced carbide.

The SO, emissions reported in CRF 2B4 represent the sulphur content in the coke
used in the calcium carbide production process. The sulphur content of the coke is as-
sumed to be 6 kg/Mg for the whole time series.

During year 2006 the consumption of coke used in the calcium carbide production
process decreased compared to previous years. This affects the reported emissions of
SO,.

4.3.2.3 OTHER, CRF 2B5

The primary information on emissions of CHy, N,O, NOx, CO, NMVOC and SO, is as
reported by the companies in their environmental reports. A total of approximately 70
facilities are included. In Submission 2005 all emissions were summed up and reported in
2B5 Other non-specified. Since submission 2006 the emissions are presented allocated to
six separate categories in 2B5 Other. The time series have been reviewed and are consid-
ered to be consistent. Process emissions of CO, have not been estimated due to lack of
data, but are expected to be minor, considering the processes concerned.

The SO, emissions reported in 2B5 decreased dramatically in 2004 in comparison to
earlier years. This is due to that in December 2004 one facility for production of viscose
staple fibre was shut down. The yearly SO, emissions from this facility represented be-
tween 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 below 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.
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4.3.3 Recalculations

43.3.1 CRF 2Bs5:
e Pharmaceutical industry:
= Updated emission of NMVOC 2005 for one facility
e Base chemicals for plastic industry:
= Updated emission of CO 2005 for one facility
e Other organic chemical production:
= Updated emission of CH4 2005 for one facility
=  Due to new information from one large facility the whole time
series for CO, 1990 - 2005, and for NMVOC for 1992 and 2001 -
2005 has been revised.
» Updated emissions of NMVOC and CHj for one facility
= Updated emission of NMVOC 2004 for one facility
e Other inorganic chemical production:
*  Energy-related NOx emissions from one facility for 2004 and
2005 wrongly included in submission 2007.
e Other non-specified chemical production:
»  Energy-related NOx and SO, emissions from one facility for
2004 and 2005 wrongly included in submission 2007.
= NMVOC emissions 2001, 2002 and 2003, excluded from 2BS5.
The emissions are included in Sector 3.

4.3.4 Coming improvements
No major measures to improve estimates are presently planned.

4.4 Metal production, CRF 2C

4.4.1 Source category description, CRF 2C

All sub-categories are covered in the estimates, i.e. iron and steel production (2C1), ferro-
alloy production (2C2), aluminium production (2C3), SF¢ used in magnesium foundries
(2C4) and other (2C5), which consists of estimates for one large non-ferrous smelter
plant.

4.4.1.1 IRON AND STEEL PRODUCTION, CRF 2C1

In Sweden, there are three primary iron and steel facilities and about ten 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.
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4.4.1.2 FERROALLOY PRODUCTION, CRF 2C2

Ferroalloy production is reported for only one facility in Sweden. There is also ferroalloy
production at another plant, but since the main production at this facility is of iron and
steel, the emissions are reported in CRF 2C1- Iron and steel production.

4.4.1.3 ALUMINIUM PRODUCTION, CRF 2C3

There is one facility that produces primary aluminium in Sweden. The facility consists of
two plants. One includes 56 closed pre-baked ovens (CWPB), each of 150 kA, and in the
other there are 3 pre-baked ovens and 259 open ovens with Soderberg anodes (VSS). The
Soderberg anodes are produced in an electrode pulp factory at the facility.

4.4.14 SF¢ USED IN MAGNESIUM FOUNDRIES, CRF 2C4
Four magnesium foundries use SF; as a cover gas.

4.4.1.5 OTHER METAL PRODUCTION, CRF 2C5
This sub-category includes emission estimates from one large smelter producing various
non-ferrous metals; copper, lead, zinc etc.

4.4.2 Methodological issues, CRF 2C

4.4.2.1 IRON AND STEEL PRODUCTION, CRF 2C1

Emissions reported from primary steel works and other iron and steel works are reported
in both CRF 2C1 and also in CRF 1A2a since some emissions arise 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 about CRF 1A2a. Generally emissions from combus-
tion of conventional fuels such as residual fuel oil etc. are reported in CRF 1A2a and
fuels acting as reducing agents are reported in CRF 2C1.

4.4.2.1.1 Non-CO, emissions reported in 2CI

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. NOx emissions may also arise from pickling and NMVOC emissions
from rolling mills. These sources are also included in the estimates.

4.4.2.1.2 CO, emissions reported in Steel, CRF 2C11 - Secondary production

The emissions include secondary steel plants using reducing agents such as coke, coal
and electrodes in electric arc furnaces. These emissions are not primarily a result of com-
bustion, but are necessary for the process and should hence be reported in CRF 2C1. The
reported emissions in CRF 2C11 consist of data from nine plants in 1990-2003 and eight
plants from 2004, since one plant shut down its production in 2004. Other plants in this
sector do not produce steel and hence do not emit CO,. 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
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directly from the plants. From 2005, the equivalent data are acquired from the ETS, envi-
ronmental reports and through contacts with the companies.

The Good Practice Guidance method Tier 1 has been used for six of the plants. The
Tier 1 method include plant-specific activity data only on carbon-containing input materi-
als since data on outgoing carbon in produced steel and residual products is not available.
For these plants, plant specific emission factors for CO, were used for all years to get as
accurate emission estimates as possible.

For the three remaining plants (two from 2004 and onwards), activity data on reduc-
ing agents and emissions are not available for all years. Instead plant specific methods are
applied, where activity data on steel production has been used to estimate the emissions
for 1990-1997 for two plants and for 1990-2006 for the third plant.

Limestone or dolomite can also be used to purify the steel. The plants have been
asked to report any such usage, but most plants use quicklime or dolomite lime and not
the mineral forms of limestone and dolomite. Only one plant report use of dolomite and
this amount is included in the estimates of the CO, emissions.

Production and consequently emissions have increased slowly since 1990 due to
higher demand of these products. The high production and emissions level in 1990 com-
pared to 1991 is explained by the fact that one plant closed its production in 1991.

4.4.2.1.3 Emissions reported in Pig iron, CRF 2C12- Primary production

Emissions from two pig iron producers and one iron powder producer are included in this
sector since they are all primary producers, i.e. bases their production on iron ore pellets.
They are also reported together in order to maintain statistics secrecy. Activity data re-
ported is produced amount of pig iron.

442131 Production of iron powder

In Sweden there is one producer of iron ore based iron powder. The emissions of CO, are
calculated by using the Good Practice Guidance method Tier 2. The method includes
plant specific activity data on emissions from carbon-containing input materials such as
coke and anthracite and also specific carbon-contents of output iron and rest products for
all years. The emissions are hence reported by the plant but are verified by collecting and
comparing the carbon contents in the amounts of coke, anthracite and out-put material
and compare it between different years and with secondary steel plants that have reported
use of the same raw material. Emissions from natural gas are considered to be process
related by the plant, but is reported in the Energy sector (CRF 1A2a) since the guidelines
does not mention natural gas as process related. 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 2Cl1.

4.4.2.1.3.2 Production of pigiron

The other two plants reported in this sector are primary steel producing plants with 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 reducing agents, and emissions
from combustion of blast furnace gas to produce pig iron in the blast furnace are to be
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reported as industrial processes from iron and steel production in CRF 2C1, according to
the IPCC Guidelines and Good Practice Guidance.

The recommended Tier 2 method, according to the IPCC Guidelines, is to base the
calculations on the amount of reducing agent, i.e. injection coal, coke oven coke and
petroleum coke used in blast furnaces for the production of iron. Other information
needed to use the Tier 2 method is the amount of pig iron and sludge produced as well as
the amount used for steel production and produced steel, and the carbon content of all
those parts. This information is not provided by the industrial energy statistics or the
quarterly fuel statistics (see section 3.3.1.1 and 3.3.1.2 above), or the environmental re-
ports. Another way to make the correct calculations of process emissions from blast fur-
naces, as Sweden has done, is to base the calculations on the consumed amount of blast
furnace gas, as all emissions from the blast furnace are collected in this gas and emitted
when combusting it.

The amount of blast furnace gas is used in the cowpers as activity data when calculat-
ing all emissions. Emissions (CO,, CH4, NOx, CO, NMVOC and SO,) are calculated as
the product of fuel consumption, thermal value and emission factors (EF) in the same way
as in the Energy sector:

Emissions fuels (unit) = Y Fuel consumption (unit) * thermal value fuels * EFfuels

The thermal value and emission factors are values reported by the plants and are the same
as those used and described in the Energy section, described in chapter 3.
The blast furnace gas mainly comes from coke and injection coal, but partly also from
lime-stone. According to the [IPCC Guidelines 1996, emissions of CO, from the use of
limestone should be reported separately as process emissions from limestone and dolo-
mite use in CRF 2A3. In the Centralized review from submission 2004 the ERT recom-
mended Sweden to follow the guidelines. However, the proportions of carbon from lime-
stone released as CO, and the carbon bound in sludge are not known and besides that, the
IPCC Guidelines recommend parties not to exclude these emissions. Hence, all blast
furnace gas is reported as process emissions within iron and steel production in CRF 2C1.

Other emissions from these two plants are reported in CRF 1Ala (one of the plants
produces electricity), CRF 1Alc (coke production), CRF 1A2a (steel production) and
CRF 1Blc (flaring of off-gases from the whole plant). This allocation is further described
in the Energy section for CRF 1A2a.

For year 2006 the consumed amount of blast furnace gas for one plant, decreased
compared to previous years. The decrease in consumed amount of blast furnace gas af-
fects the reported emissions for the activity.

4.4.2.1.4 CO; emissions reported in Sinter, CRF 2C13
Emissions of CO, from the use of limestone and dolomite within the production of ore
based iron pellets are reported in CRF 2A3.

4.4.2.1.5 CO; emissions reported in Coke, CRF 2C14
Emissions of CO, from the production of coke are reported in CRF 1Alc in line with the
IPCC Guidelines.
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4.4.2.1.6 CO; emissions reported in Other, CRF 2C15
No emissions of CO, reported in this sector.

44.2.2 FERROALLOY PRODUCTION, CRF 2C2

CO, emissions within the production of ferroalloys are plant specific, and are calculated
based on the consumed amount of reducing agents (Tier 1a), i.e. electrodes and coke (and
in 2003 coal) and their carbon contents. Input data is also the amount of carbon bound in
produced ferroalloys. The general distribution of carbon in the incoming and outgoing
materials is:

Coke + electrode —p 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 ferroalloys and:
e cmission 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 formula used is:

CO; (Mg) = CokeMg * EF * Thermal Value + CoalMg * EF * Thermal value + ElectrodeMg * C-
content * 44/12 — CO; in produced ferroalloys (plant data)

where 44/12 are the molecule weights of CO, and carbon. As can be seen in Table 4.7,
the plant specific data are lower than both emissions based on Swedish default EF and
emissions estimated with [IPCC Guidelines default values. The differences are due to the
fact that the carbon content of the coke may vary from one year to another according to
the company, and is obviously generally lower than normal Swedish conditions and lower
than then IPCC default.

Table 4.7. 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 kton CO, Swedish values kton CO; IPPC default values kton CO»

1990 243 275 295
1991 244 279 299
1992 245 289 310
1993 232 280 300
1994 248 300 322
1995 265 306 328
1996 272 313 336
1997 203 236 253
1998 240 281 302

102 IPCC. Revised 1996 Guidelines for National Greenhouse Gas Inventories: Reference Manual, Table 2.12.
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Year Plant specific data kton CO, Swedish values kton CO, IPPC default values kton CO,

1999 239 267 287
2000 240 301 323
2001 214 252 271
2002 237 265 285
2003 197 223 239
2004 256 289 310
2005 225 244 262
2006 220 239 257

The total amount of carbon in the produced ferroalloys is presented in Table 4.8, and is
calculated based on the carbon content in coke, coal, electrodes and dust by the company.
The amount of carbon in the produced ferroalloys varies between 0.1 and 7 %. This car-
bon is reported under CRF 1.AD.10 - coke and coal.

Table 4.8. Total amount of carbon bound in produced ferroalloys.

Year 90 91 -92 -93 -94 95 -96 -97 -98 -99 -00 -01 -02 -03 -04 -05 -06
Carbon in ferroal-

loys 84 84 85 83 94 87 93 64 84 79 95 76 7.7 6.7 80 80 83
kton

Carbon bound in the produced ferroalloys has been reported as CO, recovery in the CRF
reporter submission 2008.

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 process. During
year 2006 one of the units of the facility was only in operation during three months. Due
to the limited operation of that unit the emissions of SO, decreased in year 2006 com-
pared to previous years.

4423 ALUMINIUM PRODUCTION, CRF 2C3

Primary aluminium production is carried out in one facility, where both the Prebaked and
the Soderberg processes are used. The time series of emissions compiled for primary
aluminium production include emissions of CO,, PFCs, NOx, CO, NMVOC and SO,.
Reported production statistics and emissions data are based on information in the envi-
ronmental reports or received directly from the company.

Emissions of NOx have been calculated from production statistics using emission fac-
tors defined by Swedish EPA'®. NMVOC emissions have been calculated from reported
emissions of tar, assuming that 70% of the tar is emitted as NMVOC'®. CO emissions are
for the first time reported in submission 2008 and are for 2002 - 2006 as reported in the
company’s environmental reports. For the period 1990 - 2001 the CO emissions are cal-
culated using production statistics and emission factors provided by the company as also
the SO, emissions, 1990 - 2005. For 2006 SO, is as reported by the company in the envi-
ronmental report for 2006.

103 Ahmadzai, H. Swedish EPA. Personal communication. 2000.
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Emission data for CO, from the production of aluminium 2002 - 2006 are derived
through measurements and reported directly by the plant, whereas the emissions for 1990-
2001 are calculated together with the plant based on the mass of coal elements (anodes)
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) * 44/12 * (1- 0.257 (mass CO, bound in soot and rest anodes))

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 the coming years. In the CRF reporter in sub-
mission 2007, carbon bound in soot and rest anodes have been reported as CO, recovery.

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 calculating the
emissions based on the equation above and the results are very comparable.

Since carbon bound in soot has been excluded, the IEF (implied emission factor) val-
ues (given as kton CO,/ kton Al produced) are lower than the IPCC Guidelines default
emission factors for Pre-baked and Soderberg (1.8 respectively 1.5 kton COy/kton pro-
duced Al) (Table 4.9). The reason to why the IEF varies and has increased since 1990
might, according to the company’s Environmental manager, is that the consumption of
anodes varies and has increased more than the production.

Table 4.9. Implied emission factor for CO, from the production of aluminium.

Year Aluminium production Emissions of CO; IEF
Gg Gg Gg CO,/Gg Al

1990 96.3 133.1 1.38
1991 96.9 133.4 1.38
1992 77.2 100.0 1.30
1993 82.4 120.6 1.46
1994 83.9 119.6 1.43
1995 94.0 129.1 1.37
1996 97.6 137.0 1.40
1997 97.7 136.2 1.40
1998 96.1 139.1 1.45
1999 99.3 139.9 1.41
2000 101.1 144.9 1.43
2001 101.8 138.9 1.36
2002 100.6 146.0 1.45
2003 101.2 146.0 1.44
2004 101.3 140.8 1.39
2005 102.5 143.5 1.40
2006 101.7 142.3 1.40

Activity data - environmental reports, emissions calculated based on anodes and coal in soot, IEF-
calculated based on activity data and emissions.

The two different processes for aluminium production, Prebaked (CWPB) and Séderberg
(VSS), have substantially different emission factors for PFCs. Estimates of emissions are
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based on the number of ovens and the number and duration of anode effects. This activity
data is considered to be of good quality.

In earlier submissions the calculations of emissions of PFCs (CF4+C,Fs) were made
by the company, according to information from EAA (European Aluminium Associa-
tion). Emissions of PFC in kg/Mg Al = K x Anode effects in min/oven day, where
K=0.12 for Prebaked and K=0.08 for Soderberg. The PFC emissions were assumed to
consist of 90% CF, and 10% C,Fs.

After recommendation made by the Expert Review Team in the In Country Review in
April 2007 the whole time series for CF, and C,F¢ from primary aluminium production
has been recalculated to achieve complete agreement with the Tier 2 calculation method
described in IPCC Good Practice Guidance (Table 3.9). The function used for the calcula-
tions reported in submission 2008 is the same as the one used in previous submissions:

PFC(Mg) = Al(Gg)x K x AE-minutes/cellday

but the slope-factors used in submission 2008 (from GPG, Table 3.9) leads to around
13% lower total PFC emissions expressed as CO, eq. in submission 2008 compared to
submission 2007 (Figure 4.3).

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 Fac-
tors are presented in Table 4.10.

As can be seen in Table 4.10 the IEFs shows a declining trend from 1990 to 2006, es-
pecially so for CF,. This reflects the company's ongoing work aiming to reduce the time
and frequency of the anode minutes.
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Figure 4.3. Comparison of reported emissions of PFCs from primary aluminum pro-
duction in submission 2008 vs. submission 2007
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Table 4.10. Activity data, emissions of C,Fs, CF4 and calculated IEF for aluminum production.

Calculated IEF
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1990 234 72.9 3.05 53.66 0.0443 0.0276 0.3444 0.6255
1991 234 735 3.07 54.04 0.0443 0.0276 0.3444 0.6255
1992 234 53.8 1.81 36.15 0.0138 0.0276 0.1075 0.6250
1993 232 59.1 1.95 4161 0.0075 0.0300 0.0585 0.6806
1994 23.1 60.8 2.09 44.44 0.0083 0.0312 0.0644 0.7066
1995 2258 71.2 2.29 48.25 0.0106 0.0287 0.0827 0.6510
1996 23.0 745 1.95 41.81 0.0068 0.0240 0.0526 0.5447
1997 23.2 745 1.79 38.26 0.0064 0.0220 0.0497 0.4983
1998 232 72.9 1.78 37.20 0.0090 0.0215 0.0702 0.4877
1999 232 76.1 1.92 40.81 0.0082 0.0228 0.0636 0.5166
2000 23.0 78.1 1.57 33.58 0.0059 0.0184 0.0460 0.4165
2001 22.9 78.9 1.52 32.80 0.0046 0.0179 0.0362 0.4054
2002 22.9 777 1.65 35.77 0.0050 0.0198 0.0386 0.4488
2003 2258 78.4 1.66 35.90 0.0049 0.0197 0.0381 0.4467
2004 233 77.9 1.62 36.01 0.0018 0.0202 0.0138 0.4579
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

4424 SF¢IN MAGNESIUM FOUNDRIES, CRF 2C4

The total annual amount of SF¢ used in the magnesium foundries is reported as emissions,
according to the IPCC Guidelines and Good Practice Guidance. Data is obtained from
companies using SF¢. For 2006, as for earlier years, data from the Products register at the
Swedish Chemicals Inspectorate was unfortunately not available in sufficient detail to
enable crosscheck with data provided by the facilities.

44.2.5 OTHER, CRF 2C5
The reported emissions of SO, originate from the sulphur content in the raw materials
used in one large non-ferrous smelter. The NOx reported in 2CS5 is also emitted from this
facility. The company has provided complete time series of SO, and NOx emissions.
Emissions of CO, from non-ferrous industries originate from one plant producing
lead and zinc, and one plant melting lead batteries. Emissions from the former plant are
calculated based on the coke used as reducing agent in the process. The company directly
reports activity data on coke, coal, limestone, plastics and other raw material, all resulting
in CO, emissions, as well as carbon content of 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
larger plant is:
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CO; (ton) = Coal (ton) * TV * EF + Coke (ton) * TV * EF + Limestone (ton) * 0.97 *
44.0098/100.0892 + (Carbon (ton) in raw material + plastic) * 44/12 — Slag (ton) * 0.0002 *
44/12

The carbon bound in the products produced from the larger plant has been reported as
CO; recovery. The second plant included in the inventory emits CO, from melting lead
batteries, containing plastic (polypropene) containing carbon. The total CO, emissions
from the plant are reported by the plant for all years since 1990, but that amount also
includes emissions reported in the Energy sector. From 2004 the amount of batteries are
known, and so is the plastic part and the carbon content of the plastic. The part of the
emission arising from the plastic could hence be calculated and the resulting quota and
the total CO, emissions have been used to estimate emissions from plastic the remaining
years (1990-2003).

4.4.3 Recalculations

443.1 CRF2CI12:

e  Emissions of CHs, NOx, CO, NMVOC and SO, were recalculated for two
facilities for year 2005, due to updated thermal value for blast furnace gas
for the corresponding year.

e Emission of CO; slightly adjusted (-0.60 — 0.16 %) for 2004 - 2005 due to
updated activity data provided by one company.

4432 CRF2C3:

e The whole time series, 1990 - 2005, for C,F¢ and CF, has been updated.
The calculation of PFC emissions is now in complete agreement with the
Tier 2 calculation method described in IPCC Good Practice Guidance (Ta-
ble 3.9).

e In submission 2007 the NOx emissions for 2004 and 2005 were wrongly
calculated. In submission 2008 the error is corrected.

e NMVOC 2004 updated due to updated activity data.

e SO, 2004 updated due to updated activity data.

e Emission of CO, recalculated by -3 % for 2004 - 2005 due to updated
emission data provided by one company.

4.4.4 Coming improvements
No major measures to improve estimates are presently planned.

4.5 Other production, CRF 2D

4.5.1 Source category description, CRF 2D
Other production covers emissions from the pulp and paper industry (2D1) as well as
estimates from the production of food and drink (2D2).
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4.5.1.1 PULP AND PAPER, CRF 2D1

The pulp and paper industry in Sweden is an important source of industrial process emis-
sions. 42 individual pulp and paper facilities are included in the reported emissions, as
well as two manufacturers of cardboard. The kraft process (sulphate) dominates in Swe-
den but there are also four sulphite and 16 CTMP (Chemo Thermo Mechanical Pulp) or
TMP (Thermo Mechanical Pulp) facilities.

4.5.1.2 FOOD AND DRINK, CRF 2D2

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 margarine and solid
cooking fat producers, coffee roasters and animal feed producers.

4.5.2 Methodological issues, CRF 2D
Emissions of fossil CO, are not estimated for this sector. According to the [IPCC Guide-
lines Reference Manual, emissions of CO, from this sector are not likely.

4.5.2.1 PULP AND PAPER, CRF 2Dl

Reported emissions from the pulp and paper industry are primarily based on information
about production and emissions in the companies’ environmental reports. The industrial
organisation within this sector has, for several years, cooperated 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 cook-
ing liquor which gives rise to emissions of N,O and CH,4, which in earlier submissions
due to technical reasons, were reported under CRF 2G. In submission 2008 N,O and CH,4
are reported in 2D1.

The estimated process emissions of CO, from lime within this industry are allocated
to CRF 2A2, where only calculated emissions from the make-up (intake of calcium car-
bonate) is included. Biogenic CO, emissions are reported in the documentation box for
CRF 2G.

4.5.2.2 FOOD AND DRINK, CRF 2D2

Estimates of NMVOC emissions are based on activity data from different official statis-
tics. 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'® '/ NMVOC emissions
originating from the production of liquors, bread, sugar, yeast, margarine and solid cook-
ing fat, coffee roasters and animal feeds are all based on statistics available at Statistics

104 Systembolaget. Forsaljningsstatistik. http://www.systembolaget.se/

Statistics Sweden. Data from the Industrial production database. http://www.scb.se/
Carlsberg Sweden. http://www.carlsberg.se

107 Bryggeriféreningen. http://sverigesbryggerier.se
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Sweden’s website. For the NMVOC emission estimates, emission factors presented in
Table 4.11 were used. Emissions of CO, are not estimated but are believed to be minor.

Table 4.11. NMVOC emission factors for the reported production activities in CRF 2D2 - Food
and drink.

Production activity Emission factor Unit Reference

Wine 0.8 kg/1000 litres 00

Beer 0.35 kg/1000 litres '°®

Liquors 0.6 kg/1000 litres EF based on emission and activity
data from one producer, 2001

Bread (sponge dough) 8 kg/Mg 108

Bread (white) 4.5 kg/Mg 108

Bread (whole meal and light rye) 3 kg/Mg 108

Bread (dark rye) 0 kg/Mg 108

Cakes 0.1 kg/Mg 108

Biscuits 0.1 kg/Mg 108

Breakfast cereals 0.1 kg/Mg 108

Sugar 10 kg/Mg 108

Yeast 18 kg/Mg 109

Margarine and solid cooking fats 10 kg/Mg 108

Coffee roasting 0.55 kg/Mg 108

Animal feed 0.1 kg/Mg 108

108

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 Calculation Methods.

109
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4.5.3 Recalculations

4.5.3.1 CRF 2D1:
e Correction of CO, NMVOC and SO, for 2003 and NMVOC for 2002 due to
minor change in activity data.
e Updated NMVOC emissions 2003-2005 with one facility missing in submis-
sion 2007.
4.5.3.2 CRF 2D2:
e Activity data, thus affecting reported NMVOC emissions, have been updated
for:
0 Wine: Imported amount 2005 and exported amounts 2003, 2004 and
2005.
Beer: Exported amount 2005
Bread: Produced amount 2005
Cakes and biscuits: Produced amounts 2005
Sugar: Produced amounts 2005
Margarine and solid cooking fats: Produced amounts 2005
Animal feed: Produced amounts for 2002, 2003, 2004, and 2005
Coffee roasting: Produced amounts 2005
Yeast: Produced amounts 2005

O O O OO0 O0OO0o0oOo

45.4 Coming improvements
No major improvements are currently planned.

4.6 Uncertainties and time series consistency
CRF 2A-2D

All time series from industrial processes reported in CRF 2A-2D have been reviewed in
later years and are considered to be consistent.

4.6.1 Uncertainty estimates for CRF 2A-2D
The uncertainty analysis tables (Tier 1) are presented in Annex 2 and a general descrip-
tion of the uncertainty analysis is presented in section 1.7.

4.7 QA/QC and verification for CRF 2A-2D

As already mentioned in section 1.6.1, Sweden has developed a QA/QC system as an
integral part of the national system according to article 5.1 of the Kyoto Protocol. The
QA/QC system was fully implemented during 2005.

4.7.1 Quality assurance
An independent review is conducted by experts at the Swedish EPA.
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4.7.2 Quality control

All quality procedures according to the Swedish QA/QC plan'"® (Manual for SMEDs
Quality System in the Air Emission Inventories) have been implemented during the work
with this submission. All Tier 1 general inventory level QC procedures listed in the Good
Practice Guidance Section 8 have been performed. According to the Good Practice Guid-
ance, the method of calculating emissions at facilities should be documented. This is
currently not done in many cases and will be improved in the future.

4.7.3 Verification

The emissions of CO, from 2005 and onwards were estimated using data from the ETS
for a number of facilities. ETS data was applied when considered to be in line with IPCC
Good Practice Guidance, i.e. when the methodology and the activity data used are equiva-
lent to the method and data used in submission 2006. To ensure that ETS and previous
data and methods are comparable, companies have been contacted and asked to verify
and explain the estimations they have reported to the ETS. In case there has been a mis-
match between ETS and previous data, the industries have been asked to provide supple-
mentary data, consistent with the data provided for submission 2006.

4.8 Production of Halocarbons and SFg, CRF 2E

Production of halocarbons and SF¢ does not occur in Sweden.

4.9 Consumption of Halocarbons and SFg, CRF 2F

All sub-categories are covered in the estimates except solvents (2F5), 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.

4.9.1 Source category description, CRF 2F
Use and emissions of halocarbons have increased since 1990, especially in refrigeration
and air-conditioning equipment, which is the major source of halocarbon emissions in
Sweden. The second largest source is foam blowing (XPS-foam), followed by aerosols
and electrical equipment. All remaining sources are comparatively small emitters of
fluorinated greenhouse gases.

An overview of actual reported emissions in CRF code 2F are shown in table 5.12.

10 Kindbom, K. 2005. SMED-report: Manual for SMEDs Quality System in the Air Emission Inventories, 2005-

03-31
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Table 4.12. Overview of submitted actual emissions data, Gg CO, equivalents.

o g (o] ™D < o] © N~ [ce] (e} o g N o | < o] ©
[} (o] (o)) (o] D (o] D [} (o] D o o o o | O o o
[} (o)) (o] (o] (o] (o] (o] [} (o] (o] o o o o | O o o
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ N N N N N N N
F1|Refrigeration and air
conditioning equipment (2.5 5.1 (7.3 |27 |69 |120|184|229|287|366|427|475|532|584|629|674|720
F2{Foam blowing NA [NA |NA [NA [NA [NA (12 |77 |84 |99 |111|110|104|97 |107|87 |74
F3|Fire extinguishers NA |NA [NA [NA [NA |[NA |[NA |0.9 |2.3 |3.7 |5.3 |5.1 |5.6 |5.8 |6.1 |5.7 |6.0
F4|Aerosols/Metered dose
inhalers 1.312.6 2.6 |2.93.116.7 |18.3|7.1 |14 |21 |22 |23 |23 |24 |30 |29 |24
F5{Solvents NE |NE [NE |[NE [NE |NE |NE |NE |NE |[NE |NE |NE |NE |NE |NE |NE |NE
F6{Other use of ODS NO [NO [NO |[NO [NO [NO [NO [NO [NO [NO [NO [NO [NO [NO INO [NO [NO
substitutes

F7|Semiconductor manu- [NA (1.8 {1.8 |3.6 [5.7 {11 |15 [17 |15 [9.0 |8.4 {11 |14 |10 |4.2 [INO|NO
facture

F8|Electrical equipment 81 |81 (81 |70 |70 [95 |71 [106(54 |55 (32 |43 (26 (22 |28 (28 |22
F9|Other 25|25(2.3|2.3|23|3.4|35|3.5(54 (6.7 |7.6 9.8 (10 (9.3 [12 |14 (12

4.9.2 Methodological issues, CRF 2F

49.2.1 POTENTIAL EMISSIONS

Data on bulk imports and exports are obtained from the Products register hosted by the
Swedish Chemicals Inspectorate, which did not register these substances until 1995. Es-
timates 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 accordingly.

49.2.2 ACTUAL EMISSIONS

In estimating the actual emissions, as far as possible, a Tier 2 approach has been used. In
Table 4.13, the emission factors and activity data used in the calculations of actual emis-
sions are presented. A model is used for calculating the actual emissions. Changes in
accumulated amounts each year resulting from additional amounts of HFC, PFC and SF,
imported and used within the country, as well as the decline in accumulated stock caused
by exports or emissions from operating systems, have been taken into consideration.

" 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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Table 4.13. Typical values on equipment lifetimes, amounts of chemical per unit and emission
factors for different applications of HFCs, PFCs or SF, used in calculations of actual emissions
in Sweden. Intervals given indicate changes between 1990 and 2006 used in the calculations.

2
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= O x = c o =Eh= o © c 0
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52 3 Bf fF dy 5i id
E 2 i <3 WE o g £5 unw
Household fridges and freezers HFCs 20 0.1 2% 1% 90% 5%
Heat pumps HFCs 20-15 551 1% 10-1% 90% 5%
Other refrigeration and air conditioning HFCs 15 * 3.5 7-53.6% 90% 5%
equipment PFC-218
Refrigerated transport HFCs 10 10-6 4.5% 30-7% 90% 15%
Mobile air-conditioning, lorries HFCs 6 1.2 1% 15510% 90% 15%
Mobile air-conditioning, cars HFCs 11 0.8 1% 15510% 90% 15%
Mobile air-conditioning, buses HFCs 12 7 1% 10% 90% 15%
Foam blowing (XPS) HFCs >12 = 35% Declining s NA
Fire extinguishing HFCs 30 * 0.5% 2%/ 95% 1%
0.1%***
Aerosols/ MDI HFCs 2 * NA 50% 50% 100%
Semiconductor manufacture HFCs, 1 * Tier 1 NA NA NA
PFCs, SFs
Electrical insulation and GIS manufac- SFg 30 * 12-51.5% 0.6-50.5% # NA
ture
Sound proof windows SFe 30 * 5-50%" 1% # NA
Jogging shoes SFs 8 * NA NA 100% 25%
PFC-218

* Top-down calculations

$ Calculated according to a declining curve, different for HFC-134a and HFC-152a.

# Estimated lifetime at least 30 years, NE.

** Lifetime means the average expected lifetime of a product, not the possible technical lifetime.
*** HFC-227ea 0.1%, other HFCs 2%.

## Different emissions at different production units.

4.9.2.2.1 Refrigeration and air conditioning equipment, 2F1

Input data for the calculation of actual emissions consists of information from various
sources. For heat pumps, air conditioning, mobile air conditioning, refrigeration and
freezing equipment, the equipment producers and importers were contacted and have
provided information of varying quality. Estimates have been checked with trade associa-
tions (KYS and SVEP) and with experts at the Swedish EPA (Ujfalusi, Bernekorn, and
Bjorsell).

152



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

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. 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 ac-
count 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
correct 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 was allocated as input
data in the sub source "other stationary refrigeration”. The chemicals concerned are HFC-
23, HFC-32, HFC-125, HFC-134a, HFC-143a, HFC-152a and PFC-218 (C;F5s).

For some sectors within the group, estimates are of high quality while others are of
medium or low quality. The sectors contributing the most to the emissions are considered,
by expert judgment, to be of medium quality. 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 correctly fill in the CRF background data table asking for domes-
tic, commercial and industrial applications. Consequently, industrial refrigeration as well
as stationary air conditioning has been included in commercial refrigeration in CRF table
2(II) F.

4.9.2.2.2 Foam blowing, 2F2

Emission estimates are based on the production and use of XPS foam in Sweden. 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 products 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.

The current calculation method provided by the company, used for reporting of emis-
sions, has been compared to the Tier 2 method given in the IPCC Good Practice Guid-
ance (2000).

The basis for the calculation is the amount of HFC-134a and HFC-152a that is intro-
duced into products used in Sweden, and subsequently leached from the products. Beside
annual losses from products over time, the reported Swedish emissions in the CRF tables
contain emissions from manufacturing. All comparisons presented below only refer to
annual losses from products and does not include manufacturing losses.

In the national model, changes in accumulated amounts each year resulting from addi-
tional amounts of HFC in new products, as well as the annual decline in accumulated
stock caused by emissions from operating systems, are taken into consideration. In order
to calculate leakage according to the national method, the specific amount of HFC-134a
and HFC-152a introduced in a particular year follows the decline in leakage according to
Table 4.14, where the leakage factors for the first 15 years are presented. The factors used
in the national method were provided by the manufacturing company.

According to the information provided by the manufacturing company the HFC-134a
remains in products for a very long time, while all HFC-152a is emitted during the first
10 years. The default factors from IPCC Good Practice Guidance are presented as com-
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parison. The IPCC Good Practice Guidance methodology does not distinguish between
HFC-species in suggested leakage rates. Furthermore, the Guidelines for estimating these
emissions have changed in the 2006 Guidelines, which present separate leakage rates for
HFC-134a and HFC-152.

Table 4.14. Leakage factor used for the first 15 years in the national method compared to Good
Practice Guidance default factors from GPG Table 3.18

National method GPG table 3.18

Year Leakage factor Leakage factor Leakage factor
HFC-134a HFC-152a GPG: HFC

1 0.095 0.659 0.40

2 0.039 0.198 0.03

3 0.030 0.083 0.03

4 0.025 0.035 0.03

5 0.022 0.015 0.03

6 0.020 0.006 0.03

7 0.019 0.003 0.03

8 0.017 0.001 0.03

9 0.016 0.001 0.03

10 0.015 0.000 0.03

11 0.015 0 0.03

12 0.014 0 0.03

13 0.013 0 0.03

14 0.013 0 0.03

15 0.012 0 0.03

The calculated emissions according to the national method and the GPG Tier 2 method
are presented in Table 4.15. The GPG Tier 2 default method results in a lower rate of
emissions when calculated as emitted tons of HFC (Figure 4.4 and Table 4.16). When
calculating emissions as CO, equivalents, using the annual amount of HFC-134a and
HFC-152a, respectively, which remains in products in Sweden, the result is the opposite.
The national method in this case results in lower emissions than the GPG-method, due to
the differing GWP-values of HFC-134a (1300) and HFC-152a (140).
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Table 4.15. Estimated emissions of HFCs (Gg CO; eq) from products in Sweden using national
method and Tier 2 according to GPG, 1996 - 2003.

Emissions National method GPG (2000) Sum of emissions,
Gg CO; eq
Gg CO; eq HFC- HFC-152a HFC-134a HFC-152a  National GPG
134a method
1996 1 3 2 2 4 4
1997 6 9 23 5 15 28
1998 11 11 36 5 22 41
1999 16 11 48 5 27 53
2000 18 12 42 5 29 48
2001 19 13 42 7 32 48
2002 20 11 41 5 32 46
2003 21 17 41 9 38 50
Sum 111 87 276 43 198 319

The ratio of HFC-134a to HFC-152a in products in Sweden has not been constant over
the years. This means that since expected leakage rates are very different for the two
chemicals, the resulting annual emissions from products varies according to chemical
composition and product age in the national method. HFC in this application was not
used before 1996 in Sweden.

Emissions (ton)

Calculated emissions of HFC-134a and HFC-152a (ton)

160 160
140 140
120 - - 120
100 - 100
80 - 80
60 - - 60
40 - 40
20 - - 20

1996 1997 1998 1999 2000 2001
Year

0
2002 2003

Emissions (ton)

OHFC-152a, Nat. met
B HFC-134a, Nat. met.
EHFC-152a, GPG
B HFC-134a, GPG

Figure 4.4. Estimated emissions of individual HFC-species (ton) by the national method and the GPG

Tier 2 method, 1996 - 2003.
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Table 4.16. Calculated total emissions of HFC-134a and HFC-152a (Mg) from products in Sweden
according to the national method and according to Good Practice Guidance Tier 2 method, 1996
- 2003.

Year Emissions of HFC-134a and HFC-152a Emissions of total HFC according to Good
according to national method (Mg) Practice Guidance Tier 2 method (Mg)

1996 225 15.1

1997 67.4 52.8

1998 86.5 65.1

1999 92.5 73.5

2000 96.1 71.4

2001 109.1 78.9

2002 96.1 69.0

2003 136.4 96.7

Sum 1995-2003 706.5 522.6

Since the product life time of XPS-foam is very long, several decades, the total amounts
of emitted chemical will however in the long run be comparable. The differences due to
the different calculation methods lie primarily in estimates of how quickly the chemical is
expected to leak from the product. (Figure 4.4 and Table 4.16).

From the above presented comparisons, it has been decided to continue using the na-
tional method in Swedish reporting. The reason behind the decisions is twofold; the na-
tional method is species specific, which has a considerable influence on the results, and
secondly, due to the change in recommended method and default leakage factors from the
Good Practice Guidance (2000) to the 2006 Guidelines, it was concluded to retain the
national detailed method.

Uncertainties in 2F2 are the existence of other emissions from foam blowing or prod-
ucts in use in Sweden, which were not estimated due to difficulties in obtaining relevant
and reliable background information.

4.9.2.2.3 Fire extinguishers, 2F3

All imports of HFCs to be installed in fire extinguishers are registered at the Swedish
Chemicals Inspectorate. Uncertainties are mainly associated with the exported amounts,
which are relatively large. 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. These companies also provided the data included in the inventory.

4.9.2.2.4 Aerosols/metered dose inhalers, 2F4
Emission estimates cover technical aerosols as well as metered dose inhalers. The esti-
mates consist of emissions from production of technical aerosols at one facility, and
emissions from the use of imported technical aerosols and metered dose inhalers contain-
ing HFCs. The contribution from metered dose inhalers is relatively small, but has in-
creased 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.
For metered dose inhalers, statistics on the numbers of sold inhalers was received from
the Swedish retailer for medical products, Apoteket. Information concerning the content
of HFC in the inhalers was provided by the Swedish Medical Products Agency.
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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 Aerosol Association (Svenska Aerosolforen-
ingen). The activity data also includes estimates of e.g. Novelty aerosols.

Due to large inter-annual variations and unclear definitions in the material from the
Products register, this could not be used directly for reporting purposes.

4.9.2.2.5 Solvents, 2F5

Emissions from solvents have not been estimated. 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 containing PFCs is very limited. According to their information,
the solvent is recovered and regenerated. The company that was said to sell the solvent in
Sweden denied doing so.

4.9.2.2.6 Other applications using ODS substitutes, 2F6
No other applications are covered in the Swedish inventory.

4.9.2.2.7 Semiconductor manufacture, 2F7

Semiconductor 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 produc-
tion was moved abroad. During 2004 the production in the only facility left was also
closed down.

Information concerning the annually used amounts of various fluorinated substances
has been provided by the company, and as far as possible been compared to information
from the Products register at the Swedish Chemicals Inspectorate. Emissions are calcu-
lated by using the IPCC Good practice Guidance Tier 1 method.

Emission estimates are judged to be of good quality. Cross-references with the Prod-
ucts register at the Swedish Chemicals Inspectorate could, however, not be made for later
years, since the level of detail in the Products register was insufficient.

4.9.2.2.8 Electrical equipment, 2F8.

Estimates of SF¢ emissions actually consist of two different parts, emissions from the
production of gas-insulated switchgear (GIS), and emissions from SFg installed in distri-
bution systems. The larger part of annual SF¢ emissions in earlier years originated from
the manufacture of GIS (Table 4.17), where peak emissions in 1995 and 1997 were due to
a leaking 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 produc-
tion 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, as well as
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the share of products that are exported from the country, which exceeds 90% of the pro-
duction.

Emissions from installed amounts of SF, for insulation purposes in operating systems
have previously contributed less to the actual annual emissions. In 2001-2002, a ques-
tionnaire was sent out to power companies from the trade association Swedenergy’ 2
(Svensk Energi) asking for the installed amounts of SF¢ in operating equipment, and the
replaced amounts of SFs 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 4.17. Calculated emissions and accumulated stock of SFs for electrical equipment.

Year Emissions from GIS manu- Annual losses SFe Accumulated stock Total emissions SFg
facture SFg Mg Mg Mg
Mg
1990 3.0 0.39 65.7 34
1991 3.0 0.40 66.8 34
1992 3.0 0.41 67.9 34
1993 25 0.41 69.0 2.9
1994 25 0.43 71.2 2.9
1995 3.5 0.46 76.0 4.0
1996 2.5 0.48 80.8 3.0
1997 3.9 0.52 86.7 4.4
1998 1.7 0.56 934 2.3
1999 1.7 0.60 100.7 2.3
2000 0.7 0.65 107.9 1.3
2001 1.1 0.69 114.5 1.8
2002 0.35 0.73 1211 1.1
2003 0.30 0.64 127.6 0.9
2004 0.50 0.67 134.8 1.2
2005 0.47 0.71 143.0 1.2
2006 0.20 0.72 144.7 0.9

In accordance with the methodology described for deriving amounts of refrigerant chemi-
cals not accounted for, the same procedure was adopted for SFs. When comparing the
amounts of SF¢ accounted for in various applications with data from the Products register,
a rather large annual volume of SF¢ remains unallocated. 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 insulation in electrical equipment. Information from the Products regis-
ter did not indicate that any areas of use have not been covered and are missing from the
calculations.

For all sources, except as insulation in electrical equipment, the levels of annual SF¢
consumption is comparatively easy to estimate with some confidence since there are few
end-users. It was thus concluded that the amounts of SF¢ not already accounted for else-
where, most reasonably should be allocated to the electrical equipment source. However,

12 Swedenergy. Matz Tapper. Personal communication. 2005.
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even though information concerning SF in electrical equipment is more difficult to judge
concerning completeness, indications 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 difference could be that there is an underreporting of exported SFs
from the Products register, where no export at all of SF; is registered.

Since the question of the remaining amount of SF at present could not be unambigu-
ously solved, the unaccounted SF4 from the Products register was allocated to be used as
electrical insulation.

4.9.2.2.9 Other, 2F9
The estimated emissions from the use of SF¢ in jogging shoes and in sound-proof win-
dows are reported in CRF 2F9. No production of SF¢-containing jogging shoes occurs.

For jogging shoes, a more or less rough estimate has been made. It has not been pos-
sible to obtain any national data, so a Norwegian estimate was scaled to the 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.

Manufacturers of windows have provided data on the amount of SF¢ used in the
manufacture of barrier gas windows. The manufacturers have also provided estimates of
the share of SF¢ emitted in production. These estimates vary considerably between manu-
facturers, from 5-50%. Calculating a weighted average of the emission factor at produc-
tion results in a national figure in the order of 30%, which is in line with the point esti-
mate of 33% given in the IPCC Good Practice Guidance.

4.9.3 Uncertainties and time series consistency
The uncertainty analysis tables (Tier 1) are presented in Annex 2 and a general descrip-
tion of the uncertainty analysis is presented in section 1.7.

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.

An emission inventory, covering the whole period 1990-1999, was initially performed
in 2000,"" and was updated during 2005""® for the whole time series 1990-2003. Data for
later years have been estimated accordingly. This means that the same method of inven-
tory and of calculation of emissions has been used for each specific sector for the whole
period.

49.4 QA/QC
All quality procedures according to the Swedish QA/QC plan (Manual for SMEDs Qual-
ity System in the Air Emission Inventories) have been implemented during the work with
this submission.
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Weholt, @. 1999. Materialstremsanalyse av SF6. Beregning av potensielt og faktisk utslipp over tid
Kindbom, K. and Skarman, T. 2004. Nya scenarier for fluorerade vaxthusgaser. U952, Swedish EPA.
Kindbom, K., Haeger Eugensson, M. and Persson, K. 2001. Kartlaggning och berakning av potentiella och
q:%létiska utsléapp HFC, FC och SF6 i Sverige. IVL B-1428.

Kindbom, K. 2005. Revision of Methodology and Estimated Emissions of Fluorinated Greenhouse Gases in
Sweden.
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To the greatest extent possible, crosschecks are made between activity data obtained
independently, for use in the predominantly bottom-up method for calculating actual
emissions, and data from the Products register at the Swedish Chemicals Inspectorate.

49.5 Recalculations

4.9.5.1 CRF 2.F POTENTIAL AND ACTUAL EMISSIONS

Due to the recurring one year lag of updating of the data from the Product register from
the Swedish Chemicals Inspectorate, data on bulk import and export in 2005 were up-
dated. This results in revised data on potential emissions for 2005. It also results in re-
vised actual emission estimates from stationary refrigeration and air-conditioning equip-
ment (2.F.1) and from electrical equipment (2.F.8) for 2005 due to the calculation system.
As described above the remainder of chemicals imported into the country, which have not
already been allocated to a specific source, are allocated to 2.F.1 (HFCs) and 2.F.8 (SFy).

4.9.52 CRF 2.F.1 REFRIGERATION AND AIR-CONDITIONING EQUIPMENT
Revision of activity data for 1996-2005 was made for mobile air conditioning since up-
dated and improved information on the number of cars, buses and trucks manufactured in
Sweden has become available. Also the number of imported trucks was updated from
previous calculations. The results of the revisions are recalculated time series of emis-
sions of HFC-134a for the period 1996 to 2005. The result of the revised calculations for
MAC is shown in Table 4.18.

Table 4.18 Changes in estimated emissions from MAC due to revised calculations

Sub2008 Sub2007 Change
Year GgCOzeq GgCOeq GgCOzeq
1996 29.6 29.6 0.04
1997 45.2 45.2 -0.005
1998 72.6 72.8 -0.2
1999 123.6 125.0 -1.4
2000 163.4 164.4 -1.0
2001 191.7 192.6 -0.9
2002 223.0 223.8 -0.8
2003 2584 259.4 -0.9
2004 298.9 299.7 -0.9
2005 338.7 339.6 -1.0
2006 375.9

4.9.53 CRF 2.F.1 HEAT PUMPS

The time series for the number of heat pumps installed in Sweden were revised and up-
dated for 1996-2005. New information show that the number of heat pumps have in-
creased dramatically in later years, primarily the number of smaller air-air pumps. The
smaller air-air pumps have shorter life time expectancy than other common types''’. As a
consequence of the smaller air-air pumps becoming more common, the expected life-time

7 Nowacki, J-E. 2007. Heat pumps in energy statistics - Suggestions. Nowab report
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of heat pumps was reduced for later years, from 20 to 15 years as a general average. The
results of the revised calculations are presented in Table 4.19.

Table 4.19 Changes in estimated emissions from heat pumps due to revised calculations

Sub 2008 Sub 2007 Change
Year GgCO2eq GgCO02eq GgCO2eq
1995 2.50 2.50 0
1996 4.29 417 0.1
1997 4.69 4.46 0.2
1998 4.22 3.92 0.3
1999 248 2.27 0.2
2000 2.51 2.36 0.2
2001 3.03 2.63 0.4
2002 3.42 3.12 0.3
2003 3.96 3.46 0.5
2004 4.76 3.80 1.0
2005 6.06 415 1.9
2006 7.39

4.9.54 CRF 2.F.8 ELECTRICAL EQUIPMENT

Updated information on the exported amount of SF¢in products were obtained and in-
cluded in the calculations for 2003 and 2005. The data showed that the exported amounts
had been larger than previously known.

For 2003 and 2005 larger amounts of SF¢ than previously known had been handled by
the GIS-producing industry. These data were revised in the calculations.

Data regarding the destroyed amount had previously not been introduced correctly in
the calculation model. The model formulas have been revised, which have lowered the
emissions of SFs somewhat for the years 2003-2005.

The combined results of the revised calculations for 2.F.8 are presented in Table 4.20.

Table 4.20 Changes in estimated emissions from heat pumps due to revised calculations

Sub2008 Sub2007 Change
GgCO2eq GgCO2eq GgCO2eq
2003 224 22.5 -0.09
2004 28.1 28.2 -0.09
2005 28.3 28.2 0.11
2006 22.0

4.9.6 Coming improvements
No major improvements are currently planned.
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4.10 Other, CRF 2G

In previous submissions there was only space provided to include emissions of NOy, CO,
NMVOC and SO, from pulp and paper production. The Swedish definition of process
emissions also includes the spent cooking liquor (black liquor), which is used in signifi-
cant amounts in Sweden. Combustion of spent cooking liquor gives rise to emissions of
N,O, CH,4 and biogenic CO,. The estimated process emissions of N,O and CH, from
spent cooking liquor were therefore allocated to the CRF code 2G, other.

In submission 2008 CH,4 and N,O are reported in CRF 2D1. Biogenic CO, from com-
bustion of spent cooking liquor is, as in previous submissions, allocated to and reported in
2G.

Emissions of CO, from spent cooking liquor are calculated on the basis of activity
data from the industrial energy statistics/quarterly fuel statistics (section 3.3.1.1 and
3.3.1.2), thermal values and emission factors (section 3.3.2 and 3.3.3 and Appendix 1).
Since the CRF is not designed to cope with process emissions of CO, from biomass, the
CO, emissions from spent cooking liquor are reported in the documentation box.

4.10.1 Recalculations
No recalculations were made in 2G.
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5 Solvent and other product use
(CRF sector 3)

5.1 Overview

Estimates reported in this sector include emissions from paint application (CRF 3A),
degreasing and dry-cleaning (CRF 3B), chemical products, manufacture and processing
(CRF 3C) and other solvent use (CRF 3D). A new method was developed during 2005 in
order to obtain all activity data concerning solvent and other product use from the Prod-
ucts register hosted by the Swedish Chemicals Inspectorate. The Products register is a
register over chemical products imported to or manufactured in Sweden. According to the
IPPC Guidelines, NMVOC emissions from production of glue should be allocated to 3C.
In the Swedish reporting, these NMVOC emissions are allocated to CRF 2B5, since in-
dustries producing glue often produce other chemical products as well, and are classified
as chemical industries in the Products register.

5.1.1 Source category description, CRF 3, Solvent and Product Use

5.1.1.1 PAINT APPLICATION, CRF 3A
Includes paints sold for “industrial use” and for “consumer and other professional use”.

5.1.1.2 DEGREASING AND DRY CLEANING, CRF 3B
Includes solvents sold to the laundry and dry cleaning industry.

5.1.1.3 CHEMICAL PRODUCTS, MANUFACTURE AND PROCESSING, CFR 3C
Includes solvents sold for car manufacturing, paint industry and rubber industry.

5.1.14 OTHER, CRF 3D

Includes solvents sold to the printing industry, for preservation of wood, to leather indus-
try and to textile industry. The code also includes solvents used by other industries not
reported separately, and solvents for domestic use. All data concerning NMVOC and CO,
are reported in CRF 3D5. In CRF 3D4 sold amounts and use of N,O are reported.

5.1.2 Methodological issues, Solvent and Product Use, CRF 3

A new method was developed during 2005 in order to obtain all activity data concerning
solvent and other product use from the Products register hosted by the Swedish Chemi-
cals Inspectorate. Reliably activity data, for this purpose, can only be obtained from 1995.
The Products register is a register over chemical products imported to or manufactured in
Sweden. A list of substances defined as NMVOCs, and found in the Products register in
quantities over 100 tonnes, has been compiled. The following definition of NMVOC has
been used:
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Volatile organic compound (VOC) mean any organic compound having a vapour pressure
of 0.01 kPa or more at 293.15 K, or having a corresponding volatility under the particular
conditions of use. The fraction of creosote which exceeds this value of vapour pressure at
293.15 K shall be considered a VOC.""®

The list includes 377 substances (Cas-nr, name, carbon contents for each substance)
and was used for extracting quantities of NMVOC and C in substances found in the Prod-
ucts register. Data extractions have been made for each year from 1995 to 2005. The
extractions show for each year:

e The intended use of the product, the type of product (product code)

e Industry to which the product is sold (industry category)

e Quantity NMVOC

e Quantity C

Using the information concerning "product code" and "industry category" in combination,
the quantities of NMVOC and C for each year and CRF code were compiled. The quanti-
ties of NMVOC used as raw material in processes were identified for each CRF code.
Country specific emission factors for solvents used as raw material and for remaining
solvents were developed for each CRF code. The emission factors for raw material are set
very low, since most of the solvents will not be emitted during production, but will end
up in the product.

The sold amount of solvent is not always identical to the amount of solvent used.
Therefore the time series has been recalculated using a running average over three years.
This leads to need for updating of reported emissions for the latest three years in the time
series in every new submission.

Since accurate data for compiling time series for NMVOC and CO, from "Solvents
and other product use" only can be found in the Products register from 1995, reported
emissions for CRF codes 3A-D for 1990 until 1994 were taken from the old time series
and in some cases emission data for 1990 - 1994 has been interpolated. Activity data for
the latest year, 2006, is not yet official and hence Sweden has chosen to report data from
2005 also for 2006. Data for 2006 will be updated in the next submission.

Emission of CO, has been calculated with the following equation:

Emission (CO,)=C x Emission Factor x %

quantity

Cquantity is the carbon quantity of the solvents. 44 and 12 are the molecular weights of CO, and
C, respectively.

Since the method for calculating CO, emissions have been changed compared to the
method used in previous submissions, the reported emissions of NMVOC for 1990-94
have been related to the NMVOC emissions for 1995. The ratio has been used to calcu-
late the emissions of CO, for each CFR code (3A-D).

18 COUNCIL DIRECTIVE 1999/13/EC of 11 March 1999 and UNECE Emission Reporting Guidelines
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5.1.2.1 PAINT APPLICATION, CRF 3A

All activity data from 1995 has been obtained from the Products register at the Swedish
Chemicals Inspectorate. Emissions from 1988 are taken from the time series that were
compiled in a special study concerning NMVOC emissions, which was carried out by
SMED in 2002""°. The emissions for 1990-1994 have been interpolated based on the
information from the late 1980’s and known data for 1995. The time series between 1990
and 2005 are presented in Table 5.1, below.

Table 5.1. Estimated emissions of NMVOC and CO, from paint application 1990-2006.

Year Emissions of NMVOC Emissions of CO, Sources for emissions of
NMVOC
Mg NMVOC Mg CO;
1990 34613 93553 Interpolated from 1988""°
1991 33420 90328 -
1992 32226 87102 -
1993 31033 83877 -
1994 29840 80651 -
1995 28646 77426 Products register
1996 27191 73954 -
1997 27765 76085 -
1998 23968 66768 -
1999 21328 60137 -
2000 21229 59991 -
2001 21848 61108 -
2002 18934 53264 -
2003 16678 47199 -
2004 16379 46600 -
2005 16673 47471 -
2006 16673 47471

5.1.2.2 DEGREASING AND DRY CLEANING, CRF 3B

All activity data from 1995 has been obtained from the Products register at the Swedish
Chemicals Inspectorate. Emission data for 1988 is based on reported quantities of tetra-
chloroethylene from the Swedish Chemical Inspectorate. Since not only tetrachloroethyl-
ene 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 time series between 1990 and 2006 are presented in Table 5.2.

19 Kindbom, K., Bostrém, C-A., Skarman, T., Gustafsson, T. and Talonpoika, M. 2003. Estimated Emissions of
NMVOC in Sweden 1988-2001.
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Table 5.2. Estimated emissions of NMVOC and CO; from dry cleaning 1990-2006.

Year Emissions of NMVOC Emissions of CO; Sources for emissions of
NMVOC
Mg NMVOC Mg CO,
1990 771 520 Interpolated from 1988 <"
1991 680 459 "
1992 589 397 "
1993 499 336 "
1994 408 275 "
1995 317 214 Products register
1996 292 201 "
1997 296 205 "
1998 301 213 "
1999 242 186 "
2000 158 145 "
2001 133 134 "
2002 122 129 "
2003 126 136 "
2004 132 140 "
2005 123 138 "
2006 123 138
5.1.2.3 CHEMICAL PRODUCTS, MANUFACTURE AND PROCESSING, CFR 3C

The sector 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. Emis-

sion data for car manufacturing has been compiled from environmental 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 2002'%. Emission data for the rubber indus-
try 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. The time series between 1990

and 2006 are presented in Table 5.3.

120 Kindbom, K., Bostrém, C-A., Skarman, T., Gustafsson, T. and Talonpoika, M. 2003. Estimated Emissions of
NMVOC in Sweden 1988-2001.
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Table 5.3. Estimated emissions of NMVOC and CO, from chemical products, manufacture and
processing 1990-2006.

Year Emissions of NMVOC Emissions of CO; Sources for emissions of
NMVOC
Mg NMVOC Mg CO,
1990 3605 9904 Interpolated from 1988 '
1991 3179 8725 ==
1992 2712 7444 -"-
1993 2226 6110 -
1994 1749 4803 -
1995 1335 3664 Products register
1996 960 2542 -
1997 985 2486 -"-
1998 1004 2441 -"-
1999 997 2401 -
2000 882 2218 -
2001 818 2131 -
2002 754 1968 ==
2003 776 2002 -"-
2004 780 1989 -"-
2005 764 1960 -
2006 764 1960

5.1.2.4 OTHER, CRF 3D

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. 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. The time series between 1990 and 2006 are presented in Table 5.4.
All data concerning NMVOC and CO, are reported in CRF 3D5.

121 Kindbom, K., Bostrém, C-A., Skarman, T., Gustafsson, T. and Talonpoika, M. 2003. Estimated Emissions of
NMVOC in Sweden 1988-2001.
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Table 5.4. Estimated emissions of NMVOC and CO, from other solvent use 1990-2006.

Year Emissions of NMVOC Emissions of CO; Sources for emissions of
NMVOC
Mg NMVOC Mg CO,
1990 63040 138291 Interpolated from 1988 '
1991 60013 131611 -'-
1992 56589 123772 -'-
1993 53750 117556 -
1994 50908 111386 -"-
1995 47481 103559 Products register
1996 44917 97787 -"-
1997 46632 100421 -'-
1998 47762 101948 -'-
1999 47216 99518 -"-
2000 43129 90965 -"-
2001 41598 86753 -"-
2002 44001 93091 -"-
2003 50079 106709 -'-
2004 52283 116598 -'-
2005 52530 117218 -"-
2006 52530 117218

5.1.24.1 Use of N,O, CRF 3D

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 Inspectorate (1992 - 2005). The time series of use of
N,O in Sweden are reported in "Other use of N,O" (3D4) since no background 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, 2000, is not yet official and hence Sweden
has chosen to report data from 2005 also for 2006. Data for 2006 will be updated in the
next submission.

5.1.3 Uncertainties and time series consistency

The uncertainty analysis tables (Tier 1) are presented in Annex 2 and a general descrip-
tion of the uncertainty analysis is presented in section 1.7.

The reported time series are considered to be consistent.

5.1.4 QA/QC and verification

All quality procedures according to the Swedish QA/QC plan (Manual for SMEDs Qual-
ity System in the Air Emission Inventories) have been implemented during the work with
this submission. All Tier 1 general inventory level QC procedures listed in the Good
Practice Guidance Section 8 have been performed.

122 Kindbom, K., Bostrém, C-A., Skarman, T., Gustafsson, T. and Talonpoika, M. 2003. Estimated Emissions of
NMVOC in Sweden 1988-2001.
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5.1.5 Recalculations
CRF 3: Due to use of running average for compiling the NMVOC and CO, time series in
3A, 3B, 3C and 3D the reported emissions for 2003 - 2005 in submission 2007 are up-
dated in submission 2008. The NMVOC (1995-2005) and CO, (1991-2005) time series
for 3D leather industry have been updated due to new (correct) activity data (1995-2005)
for the industry from the Products register at the Swedish Chemicals Inspectorate. The
emission factors for the industry have been updated and adjusted to the former time se-
ries.

No recalculations concerning sold amounts and use of N,O have been performed.

5.1.6 Coming improvements
No major improvements are planned for the next submission.
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6 Agriculture (CRF sector 4)

6.1 Overview

Swedish agriculture 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 smallholdings and those remaining are growing
larger. In 1999, some 31,000 agricultural holdings were livestock farms, 14,000 were
purely crop husbandry farms, and only 5,000 were a combination of the two. 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
19 % in 2006."**

The total greenhouse gas (GHG) emissions from the Swedish agriculture have de-
creased by about 10% since 1990. The largest emissions in this sector are methane (CHy4)
from enteric fermentation and nitrous oxide (N,O) from nitrogen circulation in agricul-
tural land. Carbon dioxide (CO,) emissions from agricultural land are reported in sector
5- LULUCEF in accordance with the IPCC Guidelines.

6.2 Source category description

The size of the animal husbandry sub-sector is the most important factor influencing
GHG emissions from agriculture in Sweden. Livestock farming, including farmyard ma-
nure management, is the major source of CH4 emissions. About 90 % derives from en-
teric fermentation from cattle and the remaining mainly from swine, horses, sheep and
reindeer. The total numbers of livestock in Sweden in 1990-2006 are presented in Figure
6.1
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Figure 6.1 Livestock in Sweden 1990-2006, 1000s of head.

123

124 Ministry of the Environment, 2001.

Swedish Board of Agriculture, www.sjv.se.
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Emissions of N,O derive to a large extent from manure management, use of artificial
fertilisers and cultivation of organic soils. The N,O emissions have decreased since 1990,
mainly because of a change from solid manure management to slurry management in
dairy and pork production. Emissions of carbon dioxide derive mainly from cultivation of
organic soils.

Animal feeding plans, soil cultivation methods, choice of crops, timing and method of
fertiliser spreading, grassland management, catch crops, length of grazing period, etc. are

. . .. 125
all factors that may influence in greenhouse gas emissions .

6.3 Methodological issues

The methodology used in the GHG inventory is in accordance with the IPCC Guidelines,
with some national adaptations. A comparison between the Swedish inventory and the
requirements given in IPCC Good Practice Guidance reveals that activity data, methodol-
ogy and comparability in time series are in line with the IPCC Good Practice Guid-
ance'?®. Activity data is collected from the Official Statistics of Sweden and other data
sources such as those stated in section 6.3.4. National emission factors are developed
especially for methane emissions from cattle and direct emissions of nitrogen dioxide
from addition of fertilisers and manure to agricultural land. Data on nitrogen leaching and
ammonia emissions originate from national sources (section 6.3.4.3). Interpolation/ ex-
trapolation are used for years where high quality data on stable periods or waste man-
agement systems etc., is not available.

The applicable source subcategories are CRF 4A (Enteric Fermentation), CRF 4B
(Manure Management) and CRF 4D (Agricultural Soils). Since there are no rice fields or
savannahs in Sweden, emissions from the sub-sources CRF 4C and CRF 4E do not occur.
Field burning of agricultural residues is not very common in Sweden and therefore emis-

sions in sub-sector CRF 4F are also reported as not occurring'?’.

6.3.1 Enteric Fermentation, CRF 4A

6.3.1.1 METHANE
According to the IPCC Guidelines methodology used, the livestock population in each
category is multiplied by an emission factor and the total emission is stated:

emissions = Z population, * EF,

Emission factors (EF;) for the significant cattle subgroups are national. For reindeer, the
IPCC Good Practice Guidance Tier 2 methodology has been applied'?® and for emissions
from swine, sheep, goats and horses the IPCC default values are used. Statistics on live-
stock categories are presented in section 6.3.4.1 and tables are given in section 6.3.4.5.

122 Ministry of the Environment, 2001.

127 A project on quality control was carried out in 2003, as described in section 1.

128 The issue has recently been further analysed in Swedish EPA/SMED 2004.
IPCC Good Practice Guidance, p.4.26.
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6.3.2 Manure Management, CRF 4B

6.3.2.1 METHANE (INCLUDING EXCRETION FROM GRAZING ANIMALS)

The IPCC Good Practice Guidance Tier 2 methodology for estimating methane from
manure management, including excretions from grazing animals, is applied for cattle and
swine, and the corresponding Tier 1 methodology is used for other animal groups'?®. The
formula for the emission factor for livestock group “i”, according to the IPCC Good Prac-
tice Guidance [PCC Tier 2 methodology is:

emissionfactor, = VS, * B, *0.67* > MCF, * MS,,
jk
where VS; is the volatile substance excreted per year, By; is the maximum methane pro-
ducing capacity for manure produced by an animal within the livestock group, MCFj; is a
conversion factor for methane production, given a manure management system j, where
grazing animals are considered as one of the systems, and a climate region k. MSj is the
fraction of animal manure handled using manure system j in climate region k.

The By; and MCF factors used are the default values in the IPCC Good Practice Guid-
ance, except for the revised MCF for liquid manure, where the value of 10 % given by
IPCC Guidelines, is adopted as a national value. This value is considered to be a more
appropriate for Swedish conditions, firstly because of Sweden’s cold climate, and sec-
ondly because of the fact that the slurry containers usually have a surface cover'™.

The values reported in the CRF tables are sometimes aggregated after the calculation
has been carried out for more specific animal groups. Hence the implied emission factor
for “other cattle” will depend not only on different manure management systems and
stable periods over the years, but also on the relative composition of the different sub-
groups. The implied emission factor therefore varies between the reported years.

The Swedish Board of Agriculture provides data from a national database on manure
production from cattle and swine (section 6.3.4.4)"".

Information on waste management systems is collected from the surveys published in
the biannual statistical report on the use of fertilisers and animal manure in agriculture'>?
and the interpolated values are used for the intermediate years. Three manure manage-
ment systems are considered apart from grazing animals: liquid systems (including semi-
liquid manure), solid storage and deep litter (sometimes categorised as “other” in the
national inventory). The distribution between the systems for different animal categories
is included in a supplementary table in section 6.3.4.4.

National estimates of stable periods for cattle are collected from the statistical report on
use of fertilisers and animal manure in agriculture®. This information has been available

biannually since 1997. Before 1997, the data are extrapolated to 1990.

129 According to current estimations, cattle and swine produce about 85-90% of the total methane emissions

from manure management.
f‘anustan, 2002.

Swedish Board of Agriculture, 1993. Swedish Board of Agriculture 1995. Swedish Board of Agriculture 2001.
The given values are calculated according to the model STANK — “Stallgédselnaring i kretslopp” the official
model for input/output accounting on farm level in Sweden (Linder, 2001). STANK is currently being evaluated
in a study launched by The European Commission.

Statistics Sweden, M| 30-series.

133 Statistics Sweden, Ml 30-series.
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6322 N,O

The methodology for estimating N,O from manure management is in accordance with the
IPCC Guidelines Tier 2 methodology; it is based on emission factors from the IPCC
Guidelines in combination with national activity data. The emissions from different ma-
nure management systems are calculated as:

system
T

emissions = Z (z N, * Nex, *(365 —GrazPeriod , )/ 365 *MS(T’S)j*EF *44/28

system

where N, is the number of head of livestock in category T in the country, NEX ,is the
annual average excretion of N per head of category T in the country, GrazPeriodr is the
grazing period in days for livestock category T, MSt ) is the fraction of total annual
excretion for each livestock category T managed in manure management system S in the
country.

Data on nitrogen production has been derived by the Swedish Board of Agriculture
(section 6.3.4.4). Stable period and manure management systems are the same as used in
the methane calculations (section 6.3.2.1).

The emission factors are described in section 6.3.5.2. In the CRF tables, where some
animal subgroups are aggregated, the implied emission factors (IEFs) may change over
the years, depending on the relative size of the respective subgroups aggregated.

6.3.3 Agricultural soils, CRF 4D
6.3.3.1 DIRECT SOIL EMISSIONS, CRF 4D1

6.3.3.1.1 N,O from synthetic fertilisers
Emissions from fertilisers are calculated as:

emissions = N pppr * (l —Fracg,q )* EF *44/28

where Nggrr is the total amount of fertiliser nitrogen consumed annually, and Fracgasr is
the fraction that volatilises as ammonia. The statistics on sold quantities of fertilisers are
used in the calculations. Sales of fertilisers, recalculated into nitrogen quantities, are pub-
lished annually by Statistics Sweden'* and the national estimates are considered to be
accurate, according to the quality declaration in the statistical report. The fertiliser sales
values are however a bit higher than the estimated use of fertilisers, which is estimated
from telephone interviews with farmers. The difference can partly be explained by the use
of fertiliser in other sectors such as in horticulture (section 6.5.2).

The estimated emissions are based on mineral fertilisers sold in Sweden and calculated as
the nitrogen (N)-content of different types of fertilisers from retailers multiplied by am-

monium emission factors (Table 6.1)"%*.

134 CORINAIR, 1998.
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Table 6.1 Total N-content of sold fertilisers in Sweden and estimated ammonia emissions, 1990-
2006

Year Sold quantity of fertiliser-N, N quantity emitted as am- Proportion of emitted fertil-
tonnes (Nrerr) monia, tonnes iser-N (Fracgasr)
1990 224 500 2320 0.010
1991 208 600 2292 0.011
1992 178 400 2292 0.013
1993 207 200 3418 0.016
1994 216 400 4 053 0.019
1995 198 300 3346 0.017
1996 192 300 2790 0.015
1997 204 600 2883 0.014
1998 205 600 2733 0.013
1999 179 200 2536 0.014
2000 189 400 2279 0.012
2001 196 900 2277 0.012
2002 184 800 2577 0.014
2003 180 100 1934 0.011
2004 176 800 2015 0.011
2005 161 500 1872 0.012
2006 160 300 1900 0.012

Swedish Board of Agriculture, Statistics Sweden, MI 30-series, CORINAIR

The proportions of emitted N-content of fertilisers sold in different years are given in
Table 6.1. The value varies because of changes in the sold quantities of different types of
fertilisers. In Table 6.16 the sold quantities of ammonia-emitting products are shown,
which directly explains variations in the Fracgask.

6.3.3.1.2 N,O from animal manure

To calculate the N,O from animal manure, the default methodology according to the
IPCC Guidelines is used combined with national estimates of N content in manure (sec-
tion 6.3.4.5) and a national estimation of ammonium-N emissions. The formula is stated:

emissions = Z N, * Nex, * (365 — GrazPeriod , )/365 (1= Frac,,g, )* EF *44/28

T

where GrazPeriodr is the grazing period in days and (365-GrazPeriodr)/365 is the frac-
tion of manure deposited during the stable period. Fracgasy is the national value of the
fraction of ammonia-N emissions from animal manure.

The fraction of nitrogen supply emitted as ammonium-N (Table 6.2) is estimated by
Statistics Sweden and the Swedish EPA'®°. The estimates are model-based and take into
account many factors that influence gas emissions. The methodology, based on data col-

136

lected on the use of manure from telephone interviews with farmers =, was developed in

135

136 Statistics Sweden, M| 37-series.

Statistics Sweden, 1990.
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the early 1990s">’. Later, the methodology was extended to take into account more de-
tailed information on the use of manure and manure storage.

Table 6.2 Ammonia-N emissions from manure, fraction.

1995 1997 1999 2001 2003
Stable manure (FracGASM) 0.33 0.37 0.37 0.33 0.32
Manure from grazing animals (“FracGASG”) 0.12 0.08 0.08 0.08 0.08

Statistics Sweden, M| 37-series.

Emissions from grazing animals (excretion during the grazing period) are calculated in a
similar way, but the emissions are attributed to agricultural soils (section 6.3.3.2).

6.3.3.1.3  N,O from sludge used as fertiliser
N,O from sewage sludge used as fertiliser is a part of the N,O emissions from agricultural
soils and may be reported, according to the IPCC Good Practice Guidance, if sufficient
information is available. Statistics on the use of sewage sludge have been published ir-
regularly and in different reports, but a time series has been created through interpolation
and the emissions are reported for the first time in submission 2006 of the GHG inven-
tory. The activity data used is given in table 6.16.

The IPCC Guidelines’ default factor for ammonia emissions from fertilisers is used to
differentiate between direct and indirect emissions. The IPCC Good Practice Guidance’s
default emission factors for N,O are used and the emissions are calculated as:

emissions = SludgeN * (1 - Fracq,, ) * EF, *44/28,

where Sludge-N is the nitrogen in sewage sludge used as fertiliser, Fracgasy is the frac-
tion of nitrogen emitted as ammonia (30 %) and EF, is the IPCC Good Practice Guid-
ance’s default emission factors for direct soil emissions. The direct emissions from sew-
age sludge have been reported as an optional category in the CRF.

6.3.3.1.4 N,O from N-fixing crops in pure stands and in lay land

Nitrogen fixation crops are pasture grounds with features of clover, leguminous crops
(cooking and fodder peas, preserved peas, vetches, field beans etc). This nitrogen fixation
by leguminous plants is a part of the nitrogen circulation in agricultural soils and the
corresponding N,O emissions are included in the inventory. Data derives from national
estimates of nitrogen fixation, which account for regional differences, in combination
with the IPCC Good Practice Guidance’s default emission factor for direct N,O emis-
sions. The formula is stated:

emissions = Z production,,,, *Yield,,,, * NfixingFactor,,,, * EF * 44/ 28,

crop

The total production of dry pulses, etc., is given by multiplying the cultivated area, ac-
cording to the Farm Register, by standard yield. Areas are given in Table 6.12. Note that

137 Résiv, 1991.
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the indicated low value of about 6,600 hectares of leguminous plant cultivation in 1994
increased rapidly to about 20,200 hectares in 1995. To estimate nitrogen fixation from the
atmosphere, a model according to Hogh-Jensen has been used since submission 20062,
The model covers fixation from root and stubble as well as transmission to other plants. It
has been adapted to account for Swedish conditions' and has also been used by others
such as the Swedish Board of Agriculture. According to the model the amount of fixed
nitrogen is estimated as a part of the total amount of nitrogen in the plant’s biomass. This
part varies depending on the kind of leguminous plant, the age of the pasture, the number
of harvests and, to some extent, the fertilised amount of fertiliser applied.

6.3.3.1.5 N,O from crop residue

To estimate N,O from nitrogen circulation in crop residues, the methodology recom-
mended in the IPCC Good Practice Guidance is used combining national activity data on
removed residues and other parameters, such as nitrogen content, at crop level with the
IPCC Good Practice Guidance’s default emission factor for direct N,O emissions. The
formula is stated:

emission = Z yield ., * area,,,, * Fracresidues

crop

* FracN,, (1- Fracresiduesremoved,, ~)* EF *44/28,

crop crop crop

where yield is the standard yield, Fracresidues are the crop residues as a fraction of the
harvest, FracN is the fraction of nitrogen in crop residues and Fracresiduesremoved is the
fraction of crop residues that is removed according to a 1997 field survey'*°. Yet the crop
residue used in stables is not excluded because it will circulate back to the field with ma-
nure.

When calculating N-circulation in residues from cereal crops, national factors for re-
calculation from harvest to crop residue and the corresponding N-content based on na-
tional measurement data are used'*'. For other crops, a combination of national factors
and IPCC default values was used*2. All factors used for calculating N input with crop
residues are given in Table 6.15. Areas of different crops used in the calculations are
stated in Tables 6.10 - 6.12. Standard yield'*® of different crops used in the calculations is
presented in Tables 6.13 — 6.14.

6.3.3.1.6 Background emissions of N,O due to cultivation of organic and mineral soils
Background emissions from agricultural soils are reported both for organic and mineral
soils in the Swedish inventory. The estimated area of organic soils is multiplied by the
default emission factor in the IPCC Guidelines and a national emission factor has been
developed for mineral soils."** The formula for estimating the emissions is stated:

138

139 Hegh-Jensen et al. 2004.

140 Fran.k(‘Jw-Lindberg, 2005.

141 Statistics Sweden, 1999.

142 Mattsgn, 2005.

143 Sw§d|§h EPA/SMED 2005.

144 Statistics Sweden, 2002e.
Klemedtsson, 2001.
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emissions = Zareai * EF,

1

where area is the area of mineral respective organic soils, and EF is the background emis-
sions per hectare. Index i depends on whether the soil is mineral or organic.

The total area of arable land for each year is taken from the Farm Register and the
area of organic soils is around 252 600 hectares according to a recent mapping of culti-

Cenile 145
vated organic soils in Sweden ™.

6.3.3.2 ANIMAL PRODUCTION, CRF 4D2

6.3.3.2.1 N,O from grazing animals

Calculations of N,O emissions from nitrogen excreted during grazing are carried out
according to the methodology in the IPCC Guidelines, but ammonia emissions are con-
sidered as well, since national estimates of ammonia from grazing manure are available.
This is consistent with the calculation of indirect emissions, the emissions from animal
manure and the national methodology for ammonium emissions estimation. The formula
is stated as:

emissions = z N, * Nex, * GrazPeriod, /365 * (1 - Frac,; ) * EF;
T

where Ny is the number of animals of type T in the country, Nexr is the N-excretion of
animals of type T, GrazPeriodr is the grazing period for animals of type T, Fracgasc is
Ammonium-N emissions (fraction) and EFr is the emission factor for grazing manure
from animals of type T.

The nitrogen content in manure is discussed in section 6.3.4.4. Due to lack of data
concerning reindeer, the nitrogen production by sheep is also applied to reindeer. The
emission factors used are explained in section 6.3.5.3.

6.3.3.3 INDIRECT EMISSIONS, CRF 4D3

The calculations are carried out according to the methodology in the IPCC Good Practice
Guidance, and the activity data, i.e., losses of nitrogen as ammonia and nitrogen leakage,
are national.

6.3.3.3.1 Deposition of ammonia

In addition to the methodology in the IPCC Guidelines, national data on ammonia emis-
sions and the default emission factor in the IPCC Guidelines are applied. The formula for
estimating the emissions is stated:

emissions= (me *Frac, ..+ N* Nex* Frac, ,, + N*Nex*FracGASG)*EF* 44/28

145 Berglund, 2005.
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where Ny is the nitrogen supply by mineral fertiliser and Fracgasr is the corresponding N
fraction emitted as ammonia, calculated from sold quantities of different fertilisers and
CORINAIR. N*Nex is the total amount of nitrogen excreted from animals, combined
with national estimates of Fracgasy, the fraction of nitrogen from animal manure emitted
as ammonia, and “Fracgasc™, the fraction of manure from grazing animals emitted as
ammonia.

6.3.3.3.2 Nitrogen Leaching and Run-off
The national estimates of nitrogen leaching are calculated from the SOILNDB model'*®,
which is a part of the SOIL/SOILN model'*®. The simulation model SOIL/SOILN was
developed during the 1980s in order to describe nitrogen processes in agricultural soils™’.
Since then the model has been developed and tested on data from controlled leaching
experiments, and these tests show that the model estimates leaching from soil with good
precision'*®. By using national data on crops, yields, soil, use of fertiliser/manure and
spreading time, the leaching is estimated for 22 regions. These regions are based on simi-
larities in agricultural production areas.

For calculating nitrogen leaching in the inventory, the average N leaching per hectare,
calculated by the SOILNDB model, is multiplied by the total Swedish area of agricultural

soil. The estimated indirect N,O emission is stated:
emissions = area * leachfactor * EF * 44 /28

The average nitrogen leaching from agricultural soils, the leach factor, estimated to 27 kg
N/ha in 1994, is used for 1990-1997. The factor was then updated with new data and the
value 23 kg N/ha'*® has been used since 1999. The value used for 1998 is interpolated. No
estimate of uncertainty is done, but the used method is considered to be the best available
in Sweden, taking many relevant factors with an impact on nitrogen leaching into ac-
count. Since statistics on the use of fertilisers and manure are produced every other
year,'*® the estimates can be updated at most every second year. However, due to eco-
nomic reasons, the data has been published intermittently.

To estimate the implied FracLEACH, which is required as additional information in
CRF 4D for each reporting year, the leached nitrogen, according to the national model, is
divided by the sum of nitrogen in fertilisers and animal production. This quotient varies
between 0.2 and 0.25, which is rather close to the IPCC Guidelines’ default value of
FracLEACH (0.3).

146 Johnsson, 1990; Swedish EPA, 2002.

xg Johnsson et al., 1987.
149 Swedish EPA, 2002b.

Statistics Sweden, NA 30-series; Statistics Sweden, M| 30-series.
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6.3.4 Activity data

6.3.4.1 LIVESTOCK GROUPS AND SUBGROUPS

Livestock is the main contributor to greenhouse gas emissions from agriculture. In Table
6.3 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.

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 different 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.

According to the Farm Register, there are about 95,660 horses on farms in Sweden.
However, the total number of horses, including horses used for leisure activities, is esti-
mated to be about 283,000"®". This larger number has been used for the calculations for
all years since submission 2007.

The number of slaughter chickens (mean number of chickens kept during the year) is
provided by the Swedish Poultry Meat Association. This estimate is generally higher than
the estimate given by the Farm Register, which on the other hand is considered to be too
low.

150

151 Swedish Board of Agriculture, JO 20-series.

Statistics Sweden, 2006.
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Table 6.3 Livestock subgroups used in the calculations.

Categories accord- Sub-categories Sub-categories Sub-categories Sub-categories
ing to IPCC Guide- Enteric Fermenta- Methane from N>O from manure  N»O from grazing
lines tion manure manage- management animals

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 Growing animals Growing animals

(12-24 months) (12-24 months) (12-24 months)
Calves > 6 months Calves > 6 months Calves > 6

months(*)
Calves <6 months Calves <6 months Calves <6
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 Chickens
(**1{*)
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).

6.3.4.2 STATISTICS ON MANURE MANAGEMENT AND USE OF MANURE
AND FERTILISERS
Statistics on manure management and the use of manure and fertilisers are collected bian-
nually by Statistics Sweden'®?. Data on stable periods, manure management systems
originate from this survey. Since dairy cows are often stabled at night, the data on stable
periods for this animal category is combined with an assumption that 45%'*® of its ma-
nure was produced in the stable during the grazing period. Statistics Sweden and the
Swedish Board of Agriculture collect statistics on fertiliser sales'>*. A one-time study on
how straw and tops from different crops were used was carried out in 1997"°°.

6.3.43 STATISTICS ON CROPS, YIELDS, SLUDGE AND OTHER DATA

The above mentioned Farm Register also keeps records of areas of different crops (Table
6.10). Estimated standard yields for different crops are published annually by the Swedish
Board of Agriculture/Statistics Sweden and are a function of crop yields estimated by

152 Statistics Sweden, MI 30-series.

153 Swedish Board of Agriculture, 2005 — the given value is calculated according to the STANK model — the
official model for input/output accounting on farm level in Sweden.

154 Statistics Sweden, M| 30-series; www..sjv.se/net/.

155 Statistics Sweden, 1999.
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surveys conducted over the last 15 years'®. By using standard yields instead of actual
yields in the calculations, the time series becomes more regular. Statistics on the use of
sludge have been collected intermittently by Statistics Sweden and the Swedish EPA
from sewage treatment plants (Table 6.16). The use of sewage sludge in agriculture is low
in Sweden. A debate about toxic substances in the end of the 1990s resulted in the food
manufacturing industries not accepting crops fertilised by sewage sludge. This forced the
Federation of Swedish Farmers to recommend the farmers not to use sewage sludge'®’.

When national methodologies are used for official estimates of the environmental im-
pact of agriculture, these are used as an input to the inventory. Ammonia emissions from
manure'°® are estimated by Statistics Sweden and nitrogen leaching'® is estimated by the
SLU. Both methodologies use data on manure management practices collected by Statis-
tics Sweden and are thus consistent with national agricultural statistics. To estimate the
nitrogen fixation in lay land a national methodology consistent with the national nutrient
balances is also used'®.

6.3.44 MANURE AND NITROGEN PRODUCTION FROM ANIMALS

The Swedish Board of Agriculture publishes data on manure production from cattle and
swine as well as on nitrogen production from most of the animal subgroups included in
the inventory'®'. Data on dairy cows for different levels of milk productivity are pre-
sented in Table 6.4. Since productivity has increased during the reporting period, the data
in Table 6.4 is used for interpolating an accurate mean value for each reporting year in the
inventory.

Table 6.4 Manure and nitrogen production from dairy cows.

Animal groups Manure Nitrogen
kg dm/day/head kg/year/head
Dairy Cows (Milk production 6,000 kg/yr) 5.75 100
Dairy Cows (Milk production 8,000 kg/yr) 6.07 117
Dairy Cows (Milk production 10,000 kg/yr) 6.19 139

The values for manure production per animal in each of the other animal groups are given
in Table 6.5. Nitrogen production per animal in each of the other animal subgroups is
stated in Table 6.6. Due to more intense swine production, the values for sows and pigs
for meat production were updated in 2001.

156 Statistics Sweden, 2002e.

157 Statistics Sweden, Federation of Swedish Farmers, Swedish Board of Agriculture and Swedish EPA 2006.
158 Statistics Sweden, Ml 37-series.

1&? Swedish EPA, 2002; Swedish EPA, 2002b.

Frankow-Lindberg, 2005.

Swedish Board of Agriculture, 1993; and Swedish Board of Agriculture, 2001; Swedish Board of Agriculture,
1995; Swedish Board of Agriculture, 2000. The given values are calculated according to the model STANK - the
official model for input/output accounting on farm level in Sweden (Linder, 2001).
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Table 6.5 Manure production from other animal groups.

Animal groups

Manure production, kg dm/day

Beef cows (*)

Growing animals (12-24 months)

Calves > 6 months
Calves < 6 months
Sows
Boars

Pigs for meat production

Piglets

2.64 (in stable); 3.64 (during grazing)
2.6

1.12

0.69

0.74 (1990-2001); 0,793 (in 2002-2006)
0.52

0.42

0.05

Swedish Board of Agriculture, 1993. Swedish Board of Agriculture, 1995. Swedish Board of Agriculture,

2001.

Table 6.6 Nitrogen production from other animal groups.

Animal groups

Nitrogen kg/year/ Comment Updated values on Comment

Head, 1990-2001

nitrogen prod.

used for 2002 -
2006, kg/
year/head
Beef cows 63
Growing animals
12-24 months 47
Calves > 6 months 28
Calves < 6 months 28
Sows 18.5 225
Boars 13
Pigs for meat produc- 2.5 prod. cycles/ 10.8 3 prod. cycles /
tion 9.5 year year
Piglets 0.5 0.5
Sheep Ewes incl. 1.5
13 lambs
Lambs 0
Goats 13
Kids 0
Horses Mean value for all
50 animals
Laying hens and
turkeys 0.64
Chickens 2.5 prod. cycles/
0.28 year
Slaughter Chickens 6.5 prod. cycles/
0.29 year

Values are calculated according to the STANK model (Swedish Board of Agriculture)
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ACTIVITY DATA — SUPPLEMENTARY TABLES

Table 6.7 Stable periods for cattle, months.

Year Dairy Beef Steers and Heifers Calves Sheep, Rein- Poultry,
cows cows bulls horses, deer Swine
goats
1990 7.7 6.2 8.5 8.1 10.1 6 0 12
1991 7.7 6.2 8.5 8.1 10.1 6 0 12
1992 7.7 6.2 8.5 8.1 10.1 6 0 12
1993 7.7 6.2 8.5 8.1 10.1 6 0 12
1994 7.7 6.2 8.5 7.3 9.0 6 0 12
1995 7.7 6.2 8.5 6.5 7.8 6 0 12
1996 7.7 6.2 8.5 6.5 7.8 6 0 12
1997 (M) 7.7 (*)6.2 (*)8.5 (*)6.5 (*)7.8 6 0 12
1998 7.7 6.2 8.5 6.5 7.8 6 0 12
1999 (*)7.7 (*)58 (*)7.9 (**) 6.1 (**)7.6 6 0 12
2000 7.7 5.8 7.9 6.1 7.6 6 0 12
2001 (*™)7.6 ()56 ()81 (***)6.4 ()77 6 0 12
2002 7.6 5.6 8.1 6.4 7.7 6 0 12
2003 ()74 (***)53 (***)7.9 ()64 (*)79 6 0 12
2004 74 5.3 7.9 6.4 7.9 6 0 12
2005  (*****) ) (***) 8.1 (6.0 (*N77 6 0 12
74 5.4
2006 7.4 54 8.1 6.0 7.7 6 0 12

(*) Statistics Sweden, 1998. (**) Statistics Sweden, 2000b. (***) Statistics Sweden, 2002b. (****) Statis-
tics Sweden, 2004. (*****) Statistics Sweden, 2006. Other values are standard values, or interpolated
/extrapolated.

Table 6.8 Population size of different animal groups (1000s heads).

U Non-Dairy Cattle

Year COWS Swine Sheep Horses Goats Other Poultry
Dairy Beef Growing Calve Sow Pig for PigleiBoar Sheep LambHorse Goat Kid (***)Rein- LayingChickenSlaugh-
Cows cow animals meat ) (***) deer hen ter
(12-24 produc- Chicken
months) tion **)
1990 576 75 543 524 221 1276 758 86 162 244 283 29 14 271 6400 2200 6600
1991 528 98 543 537 219 1239 736 83 168 251 283 32 1.6 271 6100 2600 7000
1992 526 136 565 548 225 1283 763 83 180 267 283 35 1.8 271 6100 2200 7600
1993 525 154 549 581 241 1272 756 7.9 189 282 283 35 1.8 280 5800 1900 7600
1994 509 165 561 592 241 1264 815 8.2 196 288 283 35 1.8 284 5900 2200 8200
1995 482 157 596 542 237 1300 768 7.6 195 266 283 35 1.8 253 6100 1800 8500
1996 466 164 617 543 273 1303 765 6.9 203 266 283 35 1.8 241 5700 2200 8700
1997 468 169 614 530 269 1313 764 58 195 247 283 35 1.8 239 2700 1900 9400
1998 449 170 611 509 255 1293 733 4.8 187 234 283 35 1.8 227 5400 2200 9400
1999 449 165 600 499 220 1239 651 4.2 194 244 283 35 1.8 227 5600 2200 9400
2000 428 167 589 500 202 1146 566 4.2 198 234 283 35 1.8 221 5700 1700 9500
2001 418 166 573 494 212 1089 586 3.9 208 244 283 35 1.8 221 5700 1700 10450
2002 417 169 553 499 208 1096 574 34 197 229 283 35 1.8 220 4700 1500 10600
2003 403 165 527 512 204 1127 567 39 210 238 283 3.7 1.8 229 4500 1500 10402
2004 404 172 539 514 192 1095 528 3.1 220 246 283 3.7 1.8 239 5000 1600 10502
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Dairy
cows

Year Non-Dairy Cattle Swine Sheep Horses Goats Other Poultry

Dairy Beef Growing Calve Sow Pig for PigleiBoar Sheep LambHorse Goat Kid (***)Rein- LayingChickenSlaugh-

Cows cow animals meat ) **) deer hen ter
(12-24 produc- Chicken
months) tion **)

2005 393 177 527 508 185 1085 638 2.7 222 249 283 3.7 1.8 251 5100 1700 10064
2006 388 178 530 496 184 1002 492 26 244 262 283 3,7 18 261 4500 1600 10670

Most data from the Farm register, Swedish Board of Agriculture and Statistics Sweden. (*) Estimated
total of horses in all sectors 2005, by Statistics Sweden. (**) Swedish Poultry Meat Association. (***)
Data on goats were available until 1992, this data have been extrapolated.

Table 6.9 Waste management systems, fraction of liquid systems (semi-liquid manure included).

Year Dairycattle Othercattle Pigs for meat produc- Other swine Sheep, goats, Poultry
tion horses, reindeer
1990 0.23 0.18 0.44 0.44 0 0.25
1991 0.23 0.18 0.44 0.44 0 0.25
1992 0.23 0.18 0.44 0.44 0 0.25
1993 0.30 0.23 0.58 0.58 0 0.25
1994 0.30 0.23 0.58 0.58 0 0.25
1995 0.32 0.25 0.63 0.63 0 0.25
1996 0.32 0.24 0.63 0.63 0 0.25
1997 (*)0.34 (*y0.17 (*)0.8 (*)0.24 0 0.25
1998 0.34 0.17 0.8 0.24 0 0.25
1999 (**)0.40 (**)0.15 (**)0.82 (**)0.26 0 0.25
2000 0.40 0.15 0.82 0.26 0 0.25
2001 (***)0.45 (***)0.16 (***) 0.86 (***)0.31 0 0.25
2002 045 0.16 0.86 0.31 0 0.25
2003 (****) 0.47 (****)0.16 (****) 0.88 (****) 0.38 0 0.25
2004 047 0.16 0.88 0.38 0 0.25
2005 (****)0.52 (*****)0.16  (*****)0.87 (****)0.33 0 0.25
2006 0.52 0.16 0.87 0.33 0 0.25

(*) Statistics Sweden, 1998. (**) Statistics Sweden, 2000b. (***) Statistics Sweden, 2002b. (****) Statis-
tics Sweden, 2004. (*****) Statistics Sweden, 2006. Other values are standard values, or interpolated
/extrapolated.

184



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

Table 6.10 Areas of different crops used in the calculations (hectares).

Year Winter Spring Winter rye  Winter Spring Oats Mixed Triticale
wheat wheat barley barley grain

1990 320120 29595 73 460 *)- 492027 387823 32628 (**) -
1991 225330 33387 43 239 *)- 490896 364 272 40337 (**) -
1992 233678 36 647 34 597 *) - 454097 360859 47420 (**) -
1993 271818 32581 46 390 *) - 420437 321961 35330 35330
1994 212095 39722 38 957 29 536 443489 341415 25421 42 526
1995 222 304 39 076 39 693 26 220 427 115 278 322 27 124 44 577
1996 292170 42392 33558 22 061 446503 283588 34230 61694
1997 299594 44588 29 416 15272 467628 315465 30247 66 473
1998 359024 39021 34 617 15949 429 011 311467 26972 66 751
1999 209 641 65 777 24 507 11883 470104 305658 33022 32 586
2000 353201 48 364 34 533 12 997 398227 295544 45328 40728
2001 354495 44670 34 403 9577 387922 278174 25370 39 642
2002 285249 54350 24 395 6 386 410456 295002 22623 30809
2003 364 058 47290 24 366 6 345 362127 279808 25235 44 661
2004 349823 53585 24 402 5268 392006 229696 18 697 52 195
2005 295325 59430 21 386 5 356 373208 200122 18 857 50 292
2006 317603 43333 23 454 5 691 309444 206 055 17 430 55 406

Statistics from the Farm Register. (*) Before 1994, statistics on winter barley and spring barley revised

as one crop. (**) Before 1993, statistics on Triticale was included in Mixed grain.

Table 6.11 Areas of different crops used in the calculations (hectares).

Year  Sugar Winter Spring Winter turnip  Spring turnip Table Potatoes for
beets rape rape rape rape potatoes starch prod.

1990 38502 84 598 44 203 9068 30035 27 305 8 866

1991 47 963 75724 41 046 8 089 26 362 28 269 8 807

1992 51287 51 364 56 519 3145 26 366 30414 8 791

1993 51287 74 460 46 203 2455 22 370 27 815 8 469

1994 53 353 46 035 53033 1746 27 647 25449 7 539

1995 57518 56 084 23 311 1587 23661 27 630 7 371

1996 59 223 21737 18 976 811 23 869 27 577 9 060

1997 60459 22 888 19475 1787 19432 26 732 9 081

1998 58737 23159 16 705 1470 13 238 25133 8 567

1999 59881 19 626 31273 1206 23784 24 422 8 391

2000 55484 24 870 12112 1395 9791 23610 9293

2001 54834 19 900 13 591 857 10 425 23776 8 460

2002 54 820 31219 21943 1899 12 408 23 142 8 589

2003 50100 23 352 26 670 817 7734 21923 8617

2004 47625 37 496 36 715 1244 8 343 23015 8 656

2005 49182 34 997 38578 1460 7116 22 081 8 372

2006 44184 47 638 35148 1138 6270 20212 7 966
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Table 6.12 Areas of different crops used in the calculations (hectares).

Year Lay (*) Layfor Green Pasture Peas Peas for Brown Total area Total Area of
seed forage ground and conservation beans of arable Lay (****¥)
(**) peas for land ha
fodder

727 190 *kdkk kkkk

1990 590 10753 39698 503 32742 (%) - (****)- 2845000 778000
696 239 . .

1991 069 10418 33509 818 23327  (**)- (****)- 2790000 740000
708 292 —_— —

1992 384 8791 2896 825 14059  (****)- (****)- 2768000 720000
748 314 *kkk kkkk

1993 094 7863 23137 458 8720 (****) - (****)- 2780000 779000
757 314 *kkk *kkk

1994 000 8241 23000 666 6 598 (****) - (****)- 2780000 788000
766 276

1995 776 7907 23695 927 11959 8578 709 2767 000 798 000
750 247

1996 085 7854 22268 369 17713 8821 690 2811000 780000
746 234

1997 832 8470 24443 677 32742 9028 921 2799 000 780 000

1008 2 9013 21935 221 49150 8524 938 2784000 773000
068 418

1900 790 g1e5 21867 198 30053 8752 872 2747000 790 000
227 091

2000 760 8465 21867 198 27892 8525 835 2694 184 791000
227 091
750 179 -

2001 10 300 26 400 29928 8862 756 2705982 787 000(***)
200 400
759 181

2002 419 12439 32387 604 31959 8909 717 2679900 804 245

2003 769 12306 31748 164 28942 9121 767 2668586 813254
200 100

2004 770 12329 35715 164 33116 9318 767 2660643 818456
412 359

2005 803 12847 39628 192 31285 8874 707 2703057 856395
920 670

2006 816 15151 42463 206 26180 8954 646 2660424 874014
400 270

From 2000 the Farm Register does not differentiate between pasture (**) and lay (*). Therefore, values
are imputed or taken from other studies. (***) Statistics Sweden, 2002b. (****) Before 1995, statistics on
all groups of peas and beans were aggregated. (*****) Total area of lay= lay + lay for seed + green fod-

der.
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Table 6.13 Standard yield of different crops used in the calculations, total weight (including wa-
ter), kg/hectare.

Year Winter Spring Winter Spring  Oats Mixed Triticale Sugar  Winter Spring
wheat wheat rye barley grain beets rape rape

1990 5818 4918 4195 4195 3866 3305 5818 44843 2748 1777
1991 5929 4 948 4242 4242 3872 3323 5929 45272 2758 1762
1992 6040 4979 4288 4288 3879 3341 6040 45701 2767 1746
1993 6151 5009 4335 4335 3885 3359 6151 46130 2776 1731
1994 6207 5012 4398 4 036 3869 3359 6207 46446 2777 1715
1995 6262 5014 4 461 4053 3853 3360 6262 46762 2777 1699
1996 6393 5078 4600 4103 3882 339 5434 46985 2752 1679
1997 6477 5151 4705 4153 3897 3421 5505 46838 2735 1680
1998 6592 5021 5010 4136 3714 3336 5603 46686 2681 1607
1999 6503 5017 5103 4153 3710 3342 5528 46637 2638 1657
2000 6446 5059 5204 5204 3658 4431 6446 46300 2609 1720
2001 6408 5134 5348 5348 3685 4517 6408 46249 2607 1809
2002 6351 5176 5448 4204 3747 3976 6 351 46416 2634 1910
2003 6376 5 265 5561 4 266 3823 4045 6376 46626 2717 2008
2004 6231 5227 5526 4245 3853 4049 6231 46661 2789 2062
2005 6196 5282 5567 4248 3880 40064 6196 46389 2887 2141
2006 6169 5 201 5515 5515 4201 3870 4036 47193 3027 2175

Swedish Board of Agriculture, Statistics Sweden

187



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

Table 6.14 cont. Standard yield of different crops used in the calculations, total weight (inc. wa-
ter), kg/hectare

Year  Winter turnip Spring turnip  Table pota-  Potatoes for Lay Green fodder
rape rape toes starch prod.
1990 1821 1587 29 194 36 045 6 920 5000
1991 1804 1578 29769 36 502 6 958 5000
1992 1787 1570 30 343 36 958 6 996 5000
1993 1770 1562 30918 37 415 7 034 5000
1994 1747 1558 31409 37 585 7077 5000
1995 1724 1555 31900 37 754 7120 5000
1996 1682 1542 31817 37 651 7216 5000
1997 1622 1533 31832 37613 7 287 5000
1998 1523 1420 34910 39706 7 287 5000
1999 1474 1431 35598 40 665 7 287 5000
2000 1471 1451 35146 40 401 7 340 5000
2001 1444 1483 34 608 40 268 7 340 5000
2002 1390 1511 33 866 39812 7 340 5000
2003 1415 1553 33436 39 368 7 340 5000
2004 1440 1573 32 461 38530 7 340 5000
2005 1496 1596 31536 38426 7 340 5000
2006 1586 1590 30976 38 367 7 340 5000

Swedish Board of Agriculture, Statistics Sweden
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Table 6.15 Data used for calculating nitrogen input in crop residues.

Crop

Fraction of crop
residues removed

Fraction of N in
crop residues, per

Fraction residues in  Dry matter con-

relation to harvest,

tent, fraction

(ResiduesRemoved) cent of dm (FracResidues)
(FracN)

Winter wheat 0,06 0,51 0,87 0,85/0,86
Spring wheat 0,06 0,44 0,96 0,85/0,86
Winter rye 0,09 0,6 1,08 0,85/0,86
Winter barley 0,23 0,51 0,87 0,85/0,86
Spring barley 0,12 0,77 0,83 0,85/0,86
Oats 0,12 0,73 0,89 0,85/0,86
Mixed grain 0,18 0,67 0,98 0,85/0,86
Triticale 0,06 0,6 1,08 0,85/0,86
Sugar beets 0,09 2,25 0,66 0,85
Winter rape 0,02 1,07 0,47 0,91
Spring rape 0,02 1,07 0,47 0,91
Winter turnip rape 0,02 1,07 0,47 0,91
Spring turnip rape 0,02 1,07 0,47 0,91
Table potatoesand 0 1,1 0,40 0,20
Potatoes for starch
prod.
Lay 0 1,3 0,25 0,84
Lay for seed 0,49 1,3 0,94 0,84
Green fodder 0 1,3 0,25 0,84
Pasture ground 0 1,3 0,40 0,67
Peas, Peas for 0,02 1,42 1,50 0,85
fodder and brown
beans
Peas for conserva- 0 1,42 1,50 0,85

tion

Swedish EPA/SMED 2005.
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Table 6.16 Sold quantity of ammonia emitting fertilisers and nitrogen in sludge used as fertilizers

Year N insold Ammonium Nitrate, N-solution, Urea,

fertilisers, AXAN, N26, N27,

tonnes of tonnes of

NPK,

NP, ton-

NK, ton-  Sludge,
tonnes of nesof N nes of N tonnes of

tonnes  N28, tonnes of product product N N.
product

1990 224 500 225 387 10 089 5932 64 600 11 000 0 (**)1 180
1991 208 600 237 612 6 498 4683 52100 11 000 3700 1180
1992 178400 179 234 8 837 2980 45 400 8 500 3 000 1180
1993 207 200 200 004 5257 3501 46 100 9800 3300 1180
1994 216 400 167 150 7 820 3061 55900 12 300 3 000 (**) 1433
1995 198 300 182 486 11193 1955 51050 13 451 2912 (*) 2 304
1996 192300 158 613 5949 1474 48 000 14 000 2500 2 304
1997 204 600 175558 4399 1104 51 500 15900 2 300 2 304
1998 205600 209 463 2631 889 53723 14286 2033 (*) 2027
1999 179200 166 077 3111 745 50 092 14 619 1746 2027
2000 189400 205 869 3772 655 51600 11400 2200 (*)1735
2001 196 900 235495 2036 553 54 000 11 300 3 000 1735
2002 174400 189709 638 446 49 800 9900 2000 1735
2003 180 100 238 828 1083 382 53 900 10 600 2 200 595

2004 176 800 240 553 4928 475 54 500 11 900 1800 595

2005 161500 273036 3364 519 59 000 8 400 1600 595

2006 160 300 267 754 3164 225 57 800 8 500 1800 595

Statistics on fertilisers from SJV, 2005 and Statistics Sweden, 2006. (*) Statistics Sweden 1997b and
Statistics Sweden 2001. (**) from Statistics Sweden 1992 and Statistics Sweden 1995. Other values are
expert judgements.

Table 6.17 Average milk production per dairy cow

Year Dairy cowsin Dairy cows in the Produced milk per Produced milk per Average milk
country, number official control activity, head in official control head, not in official production per
of head(*) number of head (**)  activity, kg/head/yr (**) control activity (**) head, kg/yr (***)

1990 576 000 421780 7319 5330 6 786

1991 528 000 388 860 7 376 5280 6 824

1992 526 000 367 452 7 376 5400 6 780

1993 525 000 376 126 7740 5600 7133

1994 509 000 383124 8011 6 100 7538

1995 482 000 390 146 8083 6 200 7724

1996 466 000 382 511 8033 6 150 7 696

1997 468 000 380 760 8209 6 250 7 844

1998 449 000 380 567 8298 6 258 7 987

1999 449 000 378 623 8 377 6 300 8 051

2000 428 000 368 350 8 537 6 430 8243

2001 418 000 360 364 8742 6 627 8 450

2002 417 000 354 801 8784 6 665 8 468

2003 403 000 346 133 8939 6 750 8 506

2004 404 000 332 367 8 994 6 750 8 596

2005 393 000 332 367 8 994 6 750 8 596

2006 388 000 318 986 9283 6 750 8 596

(*) Farm Register, (**) Swedish Dairy Association. (***) Calculated value.
Some values were not updated for submission 2007 or 2008,
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6.3.5 Emission factors

6.3.5.1 METHANE FROM ENTERIC FERMENTATION, CRF 4A

A national methodology based on feed energy requirements expressed as metabolisable
energy'°? is used in the Swedish inventory to estimate emission factors for dairy cows,
beef cows and other cattle. The calculations for dairy cows were revised some years
ago'®. The emission factors for other cattle groups were also re-evaluated, using the
same methodology'®. The conclusion led to a decision to use the emission factor, 50 kg
CHy/head and year, a value close to the IPCC Good Practice Guidance default value for
non-diary cattle (48 kg CHy/head and year). Due to the recommendation of the ERT
during the in-country visit in Sweden in 2007, CH4 emission factors for beef cows and
reindeer were revised to 78.0 kg CHy/head and year and 19.9 kg CH4/head and year, re-
spectively.

The initial steps in estimating emission factors for cattle according to the Swedish
method is similar to the procedure recommended in section 4 of the IPCC Good Practice
Guidance for enhanced characterisation of feed intake estimates (Tier 2 methodology).
The energy requirements for maintenance, growth, lactation and pregnancy are estimated,
but expressed as metabolisable energy (MJ/day) instead of as net energy, as in IPCC
Good Practice Guidance'®*. The metabolisable energy requirement is then recalculated to

digestible energy, using the formula'®:

Metabolisable energy (% of digestible energy) = 83.2 + 2.53*L — 0.045 * G — 0.184* Rp

where L is the total feed intake expressed as multiples of maintenance energy, G is the
share (%) of roughage in the feed and Rp is the crude protein concentration (%) of the
feed.

The digestible energy is used to calculate the methane conversion rate using the for-

mula'®®:

Methane conversion rate (% methane of digestible energy) = 15.7 - 0.030 * SK—-1.4 * L

where SK is the digestibility of the feed (% of gross energy) and L is the total feed intake
expressed as multiples of maintenance energy. The emission factor is calculated with the
formula:

Emission factor (kg CH4/head and year) = (SE * Ym / 55.65) * 365

where SE is the digestible energy (MJ/head and day) and Ym is the methane conversion
rate (% of digestible energy). For dairy cows the calculation is performed for a lactation
period of 305 days and a non-lactating period of 60 days, which are summed up to give
the CH,4 total emissions per animal during a whole year.

162 indgren, 1980; Murphy, 1992; Bertilsson, 2002.
Bertilsson, 2001.

Sporndly, 1999.

Lindgren, 1980.

Lindgren, 1980.
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The default values in the IPCC Guidelines are used for the less significant animal

groups'® and for these groups the development of a national emission factor has not been
given priority. For reindeer, where the IPCC Guidelines do not provide default values, an
emission factor is calculated according to the IPCC Guidelines methodology using a Fin-
nish value of gross energy requirements.'®® The emission factors used for dairy cattle and

other animal groups are collected in Table 6.18.

Table 6.18 Methane from animals, used emission factors.

Livestock subgroups Kg CH.4/ head/year Method
Dairy cows in 1990, average milk production 6786 kg/yr/head 120.3 ™)

Dairy cows in 1995, average milk production 7724 kg/yr/head 126.4 ™)

Dairy cows in 2002, average milk production 8468 kg/yr/head 127.7 )

Dairy cows in 2006, average milk production 8832 kg/yr/head 131.3 )

Beef cows 78 (****)
Growing animals (12-24 months) 50 (***)
Calves 50 ()
Swine 1.5 Tier 1 (**)
Sheep 8 Tier 1 (*)
Goats 5 Tier 1 (**)
Horses 18 Tier 1 (**)
Poultry No fermentation assumed (**)
Reindeer 19.9 )

The emission factor is related to milk production and calculated from Spdrndly, 1999 and Bertilsson,
2001.

(**) IPCC Guidelines. (***)IPCC Good Practice Guidance, Tier 2. (****)Bertilsson, 2001.

6.3.5.2 MANURE MANAGEMENT, CRF 4B

The emission factors are calculated as a function of national activity data for manure
production, stable periods and animal manure management systems (AWMS), etc. Pa-
rameters that are used to estimate methane and N,O emissions depend on the specific
AWMS. Very little research has been carried out in Sweden on GHG emissions from
manure management, but a study on research results from countries with a similar climate
has been carried out'®®. The only national value chosen is the MCF for liquid manure,
which is set to 10%, as was stated in the IPCC Guidelines'®. All other parameters, due to
the lack of information needed to determine national values, are default values from the
IPCC Guidelines.

6.3.5.3 DIRECT SOIL EMISSIONS, CRF 4D1

For estimating direct soil emissions, the IPCC Good Practice Guidance encourages par-
ties to use country-specific emission factors for N,O from agricultural fields, where pos-
sible. A suggested alternative is to use factors from other countries with comparable man-
agement and climatic conditions. In order to update the information from later research, a
literature study was carried out, requested by the Swedish EPA'"°. The study includes

167 According to current estimations, “other animal groups” produce less then 10 % of the total methane that

q%gults from enteric fermentation.

169 Statistics Finland, 2007

170 Dustan, 2002.

Klemedtsson, 2001.
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documented N,O emission measurements carried out in Sweden, in other countries in
northern Europe and in Canada. National emission factors for Sweden are suggested
where sufficient data are available.

The study shows that the emissions are generally higher following the application of
manure compared to mineral N fertilisers and suggests emission factors of 2.5% of added
manure N and 0.8% of added fertiliser N. A lower value than the IPCC Good Practice
Guidance default value of 1.25% for mineral fertiliser N has also been suggested in a
recent synthesis of literature data'’".

Background emissions from mineral soils, which includes the long-term effects of ni-
trogen in organic matter accumulating in the soil, is also described in the report. This is
an anthropogenic effect of previous farming activities and the suggested emission factor
is 0.5 kg N,O-N ha™.

Based on this study the national emission factors given in Table 6.19 are applied in
the Swedish inventory. For nitrogen supply from fertilisers, a national emission factor,
0.8% N,0O-N of N-supply, is used'"2. For nitrogen supply from manure, a national emis-
sion factor of 2.5% emissions of N-supply is used'”. The background emissions from the
cultivation of mineral soils have also been included in the inventory with the national
emission factor of 0.5 kg N,O-N ha-1. For other direct soil emissions, default values from
the IPCC Guidelines are used.

Table 6.19 National emission factors for sources of direct N,O-emissions from agricultural soils.

Source EF in IPCC Guidelines Applied EF
Mineral fertilizer 1.25 % of N 0.8 % of N
Manure 1.25 % of N 2.5%of N
Background emissions from mineral soils .. 0.5 kg N2O-N ha”'

The background emissions from organic soils vary with different crops'”>. They are con-
sidered to be higher from ploughed soils than from pasture or lay' " lands and the sug-
gested emission factors are 1 and 6 kg N,O-N ha™, respectively. The IPCC Guidelines’
default value is however implemented in the inventory since a Swedish/Finnish research
group concluded that not enough data exists to generate different emission factors for

different management and soil types' .

6.3.5.3.1 N,O from grazing animals

For N,O emissions from N excreted on permanent pastures, an emission factor of 1 %
N,O-N/kg nitrogen excreted is used. Very scarce information is available on emissions
from unfertilised pastures, but according to data in the IPCC Guidelines - Reference
Manual, page 4.97 - the emissions from unfertilised grasslands in New Zealand range
from 0.2 to 1%. Furthermore, it is stated on the same page of the manual that nitrogen
losses as N,O are probably low in cold and dry climates - a statement considered to sup-
port the lower emission factor for grass-lands. The nitrogen content per dry matter of

171
172
173
174

Laegreid and Aastveit, 2002.
Klemedtsson, 2001.
Klemedtsson, 2001.
Klemedtsson et al., 1999.
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manure from grazing animals is assumed to be equal to that of stable manure and equal in

grassland and pastures'’®.

6.3.5.4 INDIRECT SOIL EMISSIONS, CRF 4Dl

For indirect soil emissions, the IPCC Good Practice Guidance default emission factors are
used. The IPCC Good Practice Guidance stresses the lack of knowledge on a global scale
and the extreme variability in the suggested emission factors and parties are not encour-
aged to use national values unless rigorously documented and previewed country-specific
values have been developed.

6.3.5.5 OVERVIEW OF EMISSION FACTORS

Table 6.20 Emission factor for CH,.

Enteric Fermentation Emission factor Note
kg CHa/animal/yr
Dairy Cows 120-130 1
Non-Dairy Cattle (Beef cows) 78 9
Non-Dairy Cattle (other then Beef cows) 50 2
Sheep 8 4
Goats 5 4
Horses 18 4
Swine 1.5 4
Reindeer 19.9 8
Poultry 0 3
Manure management Emission factor
MFC solid manure(*) 1 % of Bo 4
MFC liquid manure(*) 10 % of Bo 5
MFC deep litter(*) 39 % of By 4
Dairy Cattle - volatile solid (VS) 1937 kg VS/animallyr 6
Dairy Cattle -  Bo(**) 0.24 m* CHu/kg VS 4
Dairy Cattle - Emission per animal 16 kg CHa/animal/yr 7
Non-Dairy Cattle — volatile solid (VS) 625 kg VS/animall/yr 6
Non-Dairy Cattle — By 0.17 m® CHy/kg VS 4
Non-Dairy Cattle — emission/animal(***) 5.6 kg CHg4/animal/yr 7
Swine — volatile solids (VS) 110 kg VS/animall/yr 6
Swine - Bo** 0.45 m® CHu/kg VS 4
Swine — emission per animal(***) 3 kg CHs/animal/yr 7
Sheep — emission 0.19 kgCH4/animal/yr 4
Goats — emission 0.12 " 4
Horses — emission 140 " 4
Poultry — emission 0.08 " 4

(*MCF = Methane Conversion Factor. (**) BO = maximum methane producing capacity for manure. (***)
Weighted value — more than one animal category. 1) National, Bertilsson (2001). 2) National. 3) No fer-

mentation assumed. 4) IPCC Guidelines. 5) National, Dustan 2002. 6) National — STANK. 7) Calculated
—2002. 8) Statistics Finland, 2007. 9) National, Bertilsson, 2007.

175 Statistics Sweden, 2003c.
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Table 6.21 Emission factor for N,O

Manure management Emission factor Note
Waste Management System % N20-N of N-supply
Liquid manure 0.1 2
Solid manure 2 2
Deep litter 2 2
Direct emissions from soils Emission factor Note
% N20-N of N-supply
Mineral fertiliser 0.8 1
Manure 25 1
Crop residue 1.25 2
N-fixing Crops 1.25 2
Animal Excretion — grassland(*) 2 2
Animal Excretion — pasture(*) 1 3
Background emission due to cultivation Kg N2O-N/halyr
Cultivation of Histosoils 8 2
Cultivation of Mineral Soils (***) 0.5 1
Indirect emissions from soils
Deposition of N from Swedish agriculture 1 % of emitted N 2
Leached nitrogen 2.5 % of leaching 2

(*) Refers to arable land. (**) Excreted N from cattle: 80% to pasture, 20% to grazing land. (***) Refers
to excretion-N from cattle (120%), sheep/goats (100%), horses (100 %), reindeer = sheep (100 %). 1)
National, Klemedtsson, 2001. 2) IPCC Guidelines. 3) National.

6.4 Uncertainties and time series consistency

The uncertainty analysis tables (Tier 1) are presented in Annex 2 and a general descrip-
tion of the uncertainty analysis is presented in section 1.7.

Although much activity data in the agricultural sector is estimated from extensive
surveys, with high quality estimates at national level, the sector contributes to a large part
of the total estimated uncertainty (Table 1.3). This is because the methodology in the
agricultural sector is mainly affected by uncertain emission factors, which seem to be
generally difficult to estimate. Estimated indirect N,O emissions are among the most
uncertain in the whole methodology. Direct N,O emissions from agricultural fields are
calculated with an error of about 80% in the emission factor, as stated by the IPCC Good
Practice Guidance. The disaggregating of direct emissions from manure and mineral fer-
tilisers, respectively, in the Swedish inventory may reduce some of the variability but
direct emissions from agricultural soils are still one of the most uncertain in the inventory.
Emissions from manure management have an estimated error of about 50 %. Methane
from enteric fermentation may be a bit more certain with an error of about 30 %. The
time series in the agricultural sector are calculated consistently but the data needed are
not always available for every year covered by the inventory. In cases where statistics are
not produced annually, interpolation and extrapolation are necessary tools for the imputa-
tion of estimates. This further increases the uncertainty.
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6.5 QA/QC and verification

6.5.1 Quality Assurance and Quality Control

Sweden has developed a QA/QC system which was implemented from submission 2006.
All quality procedures according to the Swedish QA/QC plan (Manual for SMED’s Qual-
ity System in the Air Emission Inventories) have been implemented during the work
completed in conjunction from submission 2006.

6.5.1.1 REDUCING COMPILING ERRORS

The emission estimates in the agricultural sector depend on a set of calculations, one for
each sub-source, which use several data matrices and many parameters described in the
methodological overview, etc. The calculations are programmed in the SAS system in
order to achieve consistent estimates for the whole time series. Hence, when applicable,
the same matrices or factors needed are used for more than one sub-source. Double-
checking inputs and crosschecking between years have been used for eliminating errors.

The basic steps for preparing the inventory and doing the calculations, along with the
SAS program, are stated in a working document.

6.5.2 Verification

6.5.2.1 NUTRIENT BALANCES IN SWEDEN
Regional nitrogen and phosphorus balances for Swedish agriculture have been calculated,
according to the soil surface method,'’® since the late 1990s. Table 6.22 shows nitrogen

added and nitrogen removed for the whole of Sweden as estimated for 2001""".

Table 6.22 Nitrogen added and removed for the whole of Sweden as estimated for 2001.

Input and output of nitrogen in arable land by source in 2001, tonnes

Nitrogen added: 330 310 Nitrogen removed: 229 780
Sources: Sources:

Chemical fertiliser 175 060 Yield 224 440
Stable manure (*) 69 220 Harvested plant residues 5 340
Grazing manure 24 860

Sewage sludge 1760 Surplus: 100 530
Seed 4700

Biological fixation (**) 28 440 Leaching 62 650
Deposition 26 270

(*) After losses of ammonia from ventilation, storage and application on the fields and from grazing peri-
ods. (**) From N-fixing crops, including clover in lay

1;3 Statistics Sweden, 2003c.
Statistics Sweden, 2003c.
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The difference between “nitrogen-added” and “nitrogen-removed” results in a surplus
containing ammonia losses from the fields, leaching, denitrification and the build-up of
nutrients in the soil. The leaching is derived from the SOIL-SOILN model'™.

6.5.2.2 SOLD FERTILISERS VS. USED FERTILISERS

Two related parameters are the amount of nitrogen in sold fertiliser, estimated by the
sales statistics, and the nitrogen in used fertilisers, estimated from interviews with farm-
ers. Sales statistics are collected annually by the Swedish board of agriculture and Statis-
tics Sweden'’®. Data has been collected in the same way from the larger producers and
retailers since the early 1960s. Statistics on the use of fertiliser and manure have been
collected biannually since the end of the 1980s'”®. The estimated nitrogen content in sold
products has, until 1997, been about 15% higher than the nitrogen in the estimated used
products. In 2005, this difference was only 3 %'"".

The two estimates should be about the same, at least in the long run. The difference
may be due to storage and/or the fact that estimation methods are affected by different
error types. The sales statistics also contain quantities sold for use outside the agricultural
sector and are therefore expected to result in a higher figure.

The user statistics provide valuable information about the use of fertilisers in different
crops and regions, but the sales statistics are considered to give a more accurate estimate
of total use. Therefore, the latter have been used in the GHG inventory. Another advan-
tage of the sales statistics is that they are updated annually.

6.6 Recalculation

CH, emission factors for beef cows and reindeer were revised due to recommendations
from the ERT during the in-country visit of the Swedish 2006 submission. The previous
national emission factor for beef cows, 98 kg CHy/head and year, was revised to 78 kg
CHy/head and year, based on a new national study'’®. For reindeer, the previous CH,
emission factor (7.7 kg CHy/head and year) was based on information from the Finnish
GHG inventory'®. Finland has now updated the factor to 19.9 kg CHu/head and year and
Sweden was recommended to follow suit.

6.7 Coming improvements

No specific improvements are planned.

Hg Statistics Sweden, Ml 30-series.
Bertilsson, 2007

180 Statistics Finland, 2007
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/ Land Use, Land-Use Change and
Forestry (CRF sector 5)

In the NIR that was sent to the secretariat in April 2008 an error has been detected in the
calculations of the living biomass pool. Therefore, to limit problems in comparisons of
time series, as well as comparisons of the parties’ emissions from the LULUCF-sector,
Sweden has updated the NIR as well as the CRF-tables for the GHG-inventory of submis-
sion 2008 based on recalculated data. Since all carbon pool and land use category esti-
mates are connected through the land use data base also changes in the other carbon pools
have been revised. Comments on comparisons between submissions in the main text are
based on the NIR 2007 and the recacluated NIR 2008.

The estimates of changes in the living biomass pool were incorrect in submission
2008 years 1990-2006 due to an error in a reporting generator. Before passing the report-
ing generator, estimates of stocks were validated by corresponding estimates by the
Swedish National Forest Inventory without traces of errors. Final estimates showed a
logical trend and of the level of the trend, but with a high yearly variation (revised sub-
mission 2008, Figure 7.1). However, after submission, an error was found and corrected.
This error will not influence future estimates, and estimates of the change in the living
biomass pool have been re-calculated for the whole period (1990-2006). The error has
been formally reported to the UNFCCC in a promemoria, May 22, 2008.

Annual change in living biomass [M ton CO,]
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—a— Old submission 2008 —¢— Recalculated Submission 2008
Figure 7.1. Due to an error, the estimates of change in living biomass of the original (old) submission

2008 show high yearly variation, while the re-calculated figures of submission 2008 show a smooth trend
(minus = removal).
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7.1 Overview

The Swedish UNFCCC-reporting of the LULUCEF-sector is adapted to the CRF-tables'®’
using the IPCC-reporting instructions'®2. All carbon pools reported in this year’s CRF
tables are recalculated from the base year (1990) and reports data by year up to 2006. A
statistically-representative, systematic grid of permanent monitoring plots provides unbi-
ased estimates of the areas of all land-use categories and it is possible to trace, in a con-
sistent manner, both gross and net land-use transfers from the base year onward. Data
from these plots are also the major source of information used to quantify changes in the
various carbon pools. The stock change method is used for the most important pools:
living biomass, dead organic matter and soil organic carbon, and the measurements are
based on repeated measurements on permanent sample plots. Emissions and removals
resulting from land-use management are considered. Non-CQO, emissions such as nitrous
oxide (N,O) and methane (CH,) are also completely reported.

Compared to previous submission:

e The living biomass of individual trees (stem diameter at breast height >100 mm) is
now matched to land use on sub-plot level from the base year and onwards.

e The reporting of living biomass and land use 1990-2003 is now based on about
30000 instead of about 18000 sample plots. Years 2004, 2005 and 2006 are based on
about 24000, 18000 and 12000 sample plots, respectively.

e The changes in the pools of soil organic carbon and dead organic matter are now
based on repeated measurements inventoried 1993, 1994, 1995 and re-inventoried
2003, 2004 and 2005, respectively. Changes in the soil organic carbon pool on
drained organic forest soils are from now on based on the area of drained organic
forest and national emission factors.

e The underlying data for reporting emissions from controlled burning is now
more accurate.

e When extracting peat, emissions from mineralization are now reported.

e New data from 2003 on distribution of different crop types on Croplands on or-
ganic soils have been used for the subsidence rates calculations from 2003 and
onwards resulting in a 30% lower estimation of the CO, emission for these
soils.

The reporting system is still being developed and coming improvements and their prob-
able consequences for future reporting are discussed. The most important improvements
for future reporting are: i) Gradually more sample units, up to 30 000, in recalculations
will reduce the errors of the estimates. ii) Re-inventories of permanent sample plots will
gradually improve the accuracy of the dead organic matter and soil organic carbon pools,
and these data will be better matched to sub-plot level. iii) The reporting will be adapted
to the Kyoto-requirements.

o5 Decision 13/CP.9, Annex |
Intergovernmental Panel on Climate Change, 2003
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7.2 Result

The whole land and fresh-water area is monitored and the land-use categories Forest land,
Cropland, Grassland and Settlements are assumed managed. A limited area of Wetlands,
used for peat extraction, is also assumed managed. Compared to submission 2007, i) land
use classes are now more stable during the period 1990-2003, ii) fewer land use conver-
sions occur, and iii) large areas in 1990 have been re-classified mainly from Wetlands to
Forest land. These changes are explained by 1) the land use matrix is now based on about
24000 instead of about 6000 sample plots, ii) incorrect land use conversions from incon-
sistent judgments have been removed, and iii) large areas, have been re-classified accord-
ing to the FAO definition. For the UNFCCC reporting, still Forest land is the most impor-
tant land-use category. The gross and net conversions indicate that conversions from
Forest land to Settlements are frequent.

Table 7.1 Land Use Categories 1990, 2003 and gross and net land use transfers 1990-2003
(based on about 30000 permane%gample plots inventoried 1983-2007). The carbon stock of
Forest land in the mountain area™ ~ (915 000 ha) is not monitored in the field and changes in the
carbon pools for this area are not reported.

“From” “To”  Year 2003
Area [1000 ha] Year Forest Crop- Grass- Wet- Settle- Other
1990 Land Land Land land Ments Land
Forest land 28194 27977 3 19 23 146 26
Cropland 3085 65 2928 30 3 59
Grassland 500 35 35 412 3 1
Wetlands 7215 50 0 3 7067 9 87
Settlements 1717 59 13 6 4 1623 12
Other land 4410 25 0 1 31 2 4350
Sum after transfers 28212 2979 471 7131 1850 4477

Most of the carbon stock originates from Forest land. The largest carbon stocks are found
in the living biomass and soil organic carbon pools. Also the largest annual change in
stock is found on Forest land and the largest stock change is the change in the living bio-
mass pool. Compared to submission 2007 for the living biomass pool, the removal of year
2005 has changed (Table 7.2). Former figures of year 2005 were based on data interpo-
lated 1996/2000-2005 (approximately 6000 sample plots) and are now based on these
data complemented by another, approximately 12000 sample plots, interpolated between
1997/2001-2006 and 1998/2002-2007, respectively. The re-calculated data are more up-
to-date with a lower sampling error. Due to a large storm in January 2005, most probably
the living biomass pool was a source in 2005. However, due to the methodology used
such a net emission occurring a single year is leveled out.

The soil organic carbon pool is a source, mainly because of the emissions from
drained Histosols (organic soil), both on Cropland and on Forest land. An area of about
4.5 M ha of the Forest land was considered as Histosols and close to 20 % (ca 1 Mha) of
the Histosols can be assumed disturbed by drainage. The Cropland area on Histosols is
estimated to ¢. 250 kha and all of that area is drained. Emissions of CO,, N,O and CH,

183 | sfgren, 1998
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from sources other than living biomass, dead organic matter and soil organic carbon are
relatively small (Table 7.14).

Table 7.2 Carbon stock changes expressed as CO,. Comparing reported figures of submission
2007 with new and re-calculated figures of submission 2008 (minus = removal)

CO; [Tgeyr']

Year submission 2007 submission 2008

Year 2005 Year 2005 Year 2006
Living biomass -16 -30 -28
Dead organic matter -6.2 -4.9 -3.2
Soil organic carbon 18 5.4 5.4
Total reported -4.3 -29.4 -25.9

7.3 Source category description
7.3.1 Land Use Categories, CRF 5A, 5B, 5C, 5D, 5E and 5F

7.3.1.1 DEFINITION OF LAND USE CATEGORIES

Sweden has defined Forest land according to the Global Forest Resources Assessment
(FRA) 2005'®*. Forest land is land with a tree crown cover (or equivalent stocking level)
of more than 10 percent, with a minimum area of 0.50 hectare and the trees should be
able to reach a minimum height of 5 m at maturity in situ. However, there are two small
discrepancies between the FRA 2005 definition and the definition implemented in the
Swedish inventory. In the Swedish inventory permanent forest roads (width>5m) are not
considered Forest land and no minimum width to constitute Forest land is considered
(Observe that the strict terms of 11/CP.7 does neither mention the minimum width nor the
forest roads, FCCC/CP/2001/13/Add.1, p 58). All Forest land is considered managed, i.e.
even protection of forests in reserves is considered as management. Cropland is defined
as regularly tilled agricultural land and all Cropland is assumed managed. Grassland is
defined as agricultural land that is not regularly tilled and all Grassland is assumed man-
aged. Generally, Wetlands is assumed unmanaged and is defined as mires and areas satu-
rated by fresh water. A Wetland area of about 10 000 ha is used for peat extraction and
assumed managed. Settlements are defined as infrastructure components such as roads
and railways, power lines within forests, municipality areas, gardens and gravel pits. All
Settlements are assumed managed. Other land is defined as impediments (waste land) and
most of the mountain area in northwest Sweden and all Other land is assumed unman-
aged. Land-use categories are monitored by the Swedish National Forest Inventory (NFI
'8%) 'Management status of the reported land-use categories are summarised in Table 7.3.
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185 Food and Agriculture Organization of the United Nations, 2004

Ranneby et al., 1987
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Table 7.3 Management status of different land-use categories. An area could only be classified
as belonging to one land-use category and the predominant land-use decides to which category.

Land Use Category Abbreviation  Management status

Forest land F Managed

Cropland C Managed

Grassland G Managed

Wetlands w Unmanaged or Managed (small area)
Settlements S Managed

Other land O Unmanaged

7.3.1.2 THE CONNECTION BETWEEN NATIONAL AND REPORTED LAND USE
CATEGORIES
The reported land use categories are based on 17 original national land use categories
monitored by the Swedish National Inventory of Forests (RIS). For example in year 2000
the area of Forest land was estimated to 27 414 000 ha. Using national land use catego-
ries, this refers to 22 749 000 ha Productive Forest land (national category 01), 1 678 000
ha Mire (04), 520 000 ha Rock Surface (05), 268 000 ha Sub alpine Coniferous Wood-
land (06), 376 000 ha High Mountain (07), 1 615 000 ha Protected Area, Nature Reserve
(11) and 208 000 ha to other categories (Table 7.4). Whatever national land use category
registered, observe that if the international land use category (FRA 2005) is registered as
Forest land then the area is reported as Forest land.
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Table 7.4 National Land Use Categories, their connection to the UNFCCC/KP Land Use Catego-
ries and their potential importance for carbon reporting. A=all land FAO Forest land, B=large
areas FAO Forest land

National Land Use Cate- o = Additional Explanation
gory o &
= > o «©
c JdpO O
S =88 Z
d ¥k & &
X 852 o
Q2 ®y = 8
O¢c cw g ~
ot 00 g —
LS 2E 5 ©
Zc &.9 o
5¢ ombE <

Productive Forest land F 1047 22749  Land which hosts a potential yield of stem-wood

(01) exceeding one cubic metre per hectare and
year (A).

Grazing Land (02) G 5,7 494 Not regularly cultivated.

Arable Land (03) C 1,5 3052 Regularly cultivated

Mire (04) w 35,6 4588 Land which hosts a potential yield of stem-wood
lower than one cubic metre per hectare and
year (B).

Rock Surface (05) o 16,4 896 Rocky or stony areas. (B)

Sub alpine Coniferous F 8,2 307 Land-zone usually located between (01) and

Woodland (06) (07). (A)

High Mountain (07) (0] Low 3010 Usually unstocked or sparsely stocked. (B)

Climatic Impediment (08) (0] 0,7 48 Usually located in flat terrain in northern Swe-
den. (B)

Road and Railroad (09) S 0,5 445 For permanent use. Not only roadway and rail
but also other connected areas as embank-
ments and ditches.

Power line Within Forest S 0,2 145 Minimum width 5 m, otherwise Productive For-

(10) estland (01)

Protected Area, Nature (F) Medium 3967 This land use category was left out 2003 and is

Reserve (11) thereafter included in the remaining land use
categories.

Military Impediment (12) S Low 69 Could not be inventoried for security or safety
reasons.

Urban Land (13) S Low 1185 Settlements of many different kinds.

Other land (14) S 21 115 Different kinds of land that is not covered by

Other land use categories. Examples: gravel
pits, halting places and slalom slopes

Water (not sea) (15) w 0 4009 Lakes, rivers, creeks, canals, pounds etc. Mini-
mum width of 2 m.

Total 1118 45080

7.3.1.3 CONSISTENCY IN REPORTING LAND USE CATEGORIES

From a carbon-reporting point of view, the NFI has monitored land-use categories in a
quite consistent way since 1983. Based on permanent sample plots, it is possible to trace
both gross and net land-use transfers from 1983 onward. On Forest land, it is also possi-
ble to decide former land-use (Cropland or Grassland) before the base year (1990). All
land areas are inventoried in the field except high mountains, military impediments and
urban land (section 7.3.1.2). These latter land-use categories are only inventoried for area
by remote sensing. It is assumed that their relative importance for the Swedish carbon
budget is negligible.
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A few inconsistencies in assessing land-use categories over time have been identified and
corrected. Before year 2003, protected areas (“Protected Area, Nature Reserve”; section
7.3.1.2) constituted a national land-use category that was not regularly field inventoried.
From 2003 onwards this land is included in other land-use categories. Starting in 1990 the
changes in carbon pools in former “protected areas” is assumed to be zero and from 2003
potential changes will be reported based on field inventory data. The FRA 2005 definition
of Forest land was introduced in the field inventory in 1998 and therefore, before that
year, land-use categories have to be re-determined. A few inconsistencies in assessing
land-use categories over time have been identified and corrected. How former protected
areas are handled, the re-determination of land-use categories and the methodology for
correcting inconsistencies in assessing land-use categories over time are described in
more detail in the methodology section.

7.3.2 Carbon Pools, CRF 5A, 5B, 5C, 5D, 5E and 5F

7.3.2.1 LIVING BIOMASS

The reported carbon refers to the biomass of all living trees with a height of at least 1.3
m. Thus, small trees, shrubs and other vegetation, such as herbs are not included in the
figures. The biomass of trees with a stem diameter of >100 mm measured 1.3 m above
the ground is individually monitored and trees 0-99 mm as a group. It is possible to match
the biomass to land use of each tree with a stem diameter >100 mm (down to sub-plot
level), and from the current reporting year to trace data back to the base year. The bio-
mass of living trees is interpolated on plot, sub plot and if necessary on tree level between
consecutive inventories. Both aboveground and belowground biomasses are reported.
Aboveground biomass is defined as living biomass above stump height (1% of tree
height). Marklund’s'®® single tree allometric regression functions are applied to data from
the NFI for predicting the biomass of the tree fractions needles (not leaves), branches and
stem including bark for Scots pine (Pinus sylvestris), Norway spruce (Picea abies) and
birch (Betula pendula and Betula pubescens). These species constitute about 92 % of the
standing volume'®”. Broad-leaved species constitute most of the remaining 8 % and func-
tions based on birch are applied to all broad-leaved species. Belowground biomass is
defined as living biomass below stump height (1% of tree height) down to a root diameter
of 2 mm (Fine roots, <2 mm, are operationally defined as belonging to the dead organic
matter pool or in the soil organic carbon pool.). Single tree allometric regression func-
tions by Petersson and St&hl'®® are used to estimate the belowground biomass (same trees
and species as for above-ground biomass). The living biomass is reported for all field
inventoried land-use categories. The reported figures are estimated consistently, by the
same monitoring design using the same functions, from the base year onward.

186 \tarklund, 1987 and 1988

12; Swedish University of Agricultural Sciences, 2004
Petersson and Stahl, 2006
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7.3.2.2 DEAD ORGANIC MATTER

Dead organic matter includes the carbon pools dead wood and litter. Dead wood is de-
fined as fallen dead wood or snags. Dead wood should have a minimum “stem diameter”
of 100 mm and a length of at least 1.3 m. Litter includes all non-living biomass not classi-
fied as dead wood, lying dead, in various states of decomposition above the mineral or
organic soil. This includes the litter, fumic, and humic layers. Live fine roots (<2 mm) if
found in the O horizon, are included in litter since they cannot be distinguished separately
during sampling. The volume of aboveground dead wood per decay class has been inven-
toried annually by the NFI since 1995 covering the whole area of Sweden and this year’s
reporting is based on up to approximately 24000 sample plots inventoried in 1995/1999,
1996/2000, 1997/2001 and 1998/2002 and re-inventoried in 2004, 2005, 2006 and 2007,
respectively. Sandstrém et al.'®® developed constants for converting estimates of the vol-
ume of dead wood per decay classes to biomass for the species Scots pine, Norway
spruce and birch. The dead wood is reported for all relevant field inventoried land-use
categories. Coarse litter is defined as dead organic material with a “stem diameter” be-
tween 10-100 mm and originating from dead trees. Coarse litter is calculated as 15 % of
the aboveground dead wood. This figure is assumed but might be modelled in future
reporting. Fine litter, defined as the annual litter fall, is calculated on basis of empirical
functions'®, "', Fine litter from the previous season or earlier is regarded as part of the O
horizon and sampled. This year’s reporting of the litter pool is based on measurements
between 1993 and 2005. All data from 1990 and onwards are recalculated. The litter car-
bon pool (except dead wood; see above) for re-inventoried plots have been interpolated
and the interpolated values are used in the change estimates for the years between inven-
tories. The change in carbon pools on plots only inventoried once is assumed to be 0. The
fraction of re-inventoried plots will increase for every reporting year and we will present
an estimate of change for the whole commitment period based on only reinventoried
plots. Values reported for 1990-1992 and 2006 are extrapolated based on the trend in
stock change between 1993 and 2005, since no field measurements are available for those
years. Below-ground dead wood originating from stump and root systems of dead trees
are not reported this year (section 7.7.1).

7.3.2.3 SOIL ORGANIC CARBON

Data for soil organic carbon includes all carbon in the mineral soil below the litter, fumic
and humic layers and all organic carbon in soils is classified as Histosols'%%. The carbon
pool considered is soil organic carbon down to a depth of 0.5 m measured from top of the
mineral soil or, alternatively, measured from the soil surface when the soil is classified as
a Histosol. For the land-use categories Forest land and Grassland the calculation of
changes in mineral soils is primarily based on soil sampling combined with pedotransfer
functions and for histosols on emission factors. This year’s reporting of the soil carbon
pool is based on measurements between 1993 and 2005. All data from 1990 and onwards
are recalculated. The soil carbon pool for re-inventoried plots has been interpolated and

189 Sandstrém et al., 2007

12(1) Berg et al., 1999a
192 Berg et al., 1999b
Food and Agriculture Organization of the United Nations, 1994.
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the values of annual changes are used in the change estimates for the years between in-
ventories. The change in carbon pools on plots only inventoried once is assumed to be 0.
The fraction of re-inventoried plots will increase for every reporting year and we will
present an estimate of change for the whole commitment period based on only reinvento-
ried plots. Values reported for 1990-1992 and 2006 are extrapolated based on the trend
between 1993 and 2005, since no field measurements are available for those years. For
the land-use category Cropland the changes in the soil organic carbon pool in the mineral
soils are estimated using the ICBM model'®. The data on changes in agricultural organic
soils are based on estimated mean annual subsidence rates based on crop. New data on
distribution of different crop types on these soils from 2003 have been used for the subsi-
dence rates calculations from 2003 and onwards.

7.3.3 Emissions of N,O, CO, and CH,4, CRF 5(1), 5(11), 5(111), 5(1V) and 5(V)

7.3.3.1 DIRECT N,O EMISSIONS FROM N FERTILIZATION, CRF 5(I)

Middle aged or older forest stands on mineral soils are sometimes fertilized to increase
the forest production. In 1990, the fertilized forest area was estimated to 69 200 ha'®*,
Since then, the annual fertilised area has decreased to about 20 000 ha in 1997-2004. In
2006, this area had increased to about 33 000 ha. The underlying data (areas) are based on
an annual questionnaire sent to approximately 150 large-scale forest companies and con-
stitute Official Statistics of Sweden collected by the Swedish Forest Agency. Large-scale
forestry, defined as forest companies with more than 10 employees or owners of more
than 5000 ha Forest land, contributes with 98.5 % of fertilizer related emissions of N,O.
Consequently, small-scale forestry is assumed to contribute with approximately 1.5 % of
the emissions. To estimate the total annual emission, area figures are multiplied with
normal spread amount of fertilizer per hectare. The normal spread amount per hectare is
obtained from companies that are doing the fertilization in practice (there are only a few
companies in this business).

7.3.3.2 N,O EMISSIONS FROM DRAINAGE OF SOILS, CRF 5(II)

According to UNFCCC (decision 13/CP.9), reporting emissions of nitrous oxide from
drainage (N,O-direct Nyygingge) is optional. One reason for that is the limited understanding
of the processes controlling the emissions. No N,O emissions from drainage of soils will
be reported this year but some preliminary studies indicate that reliable methods may be
available in a few years.

7.3.3.3  N,O EMISSIONS FROM DISTURBANCE ASSOCIATED WITH LAND-USE
CONVERSION TO CROPLAND, CRF 5(III)

Due to more intensive soil management on Cropland, the transfer of other land-use to

Cropland is usually associated with a temporary increase in the mineralization of organic

matter. Part of the released N may be converted to N,O through denitrification. Land

converted to Cropland is reported as belonging to the conversion class for twenty years (if

193

194 Andrén & Katterer, 2001

National Board of Forestry, 2004
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no secondary conversion occurs). An area of about 1000-5000 ha is annually reported in
the class land converted from Forest land to Cropland and about 15000-65000 ha as land
converted from Grassland to Cropland. The area of other land-use conversions to Crop-
land is negligible.

7.3.3.4 CARBON FROM AGRICULTURAL LIME APPLICATION, CRF 5(1V)
Lime is used for soil improvement in both agriculture and horticulture to mitigate acidifi-
cation that is caused by the export of biomass, acidifying fertilisers and acid rain. The
reported figures are based on quantities sold for agricultural and horticultural purposes
plus lime from sugar mills and steel production. The quantities are separated into dolo-
mite (CaMg(COs),) and limestone (CaCO;), where dolomite and Mg-lime are reported as
dolomite and all other categories are reported as limestone. All categories are supposed to
contain 100% dolomite/limestone except residual lime from sugar production which is
assumed to contain 65% limestone due to a water content of approximately 35%. The
accuracy of estimates of the sold quantities is assumed to be high and constitutes Official
Statistics of Sweden'®®. Separate default IPCC emission factors are used for limestone
and dolomite, respectively.

7.3.3.5 N0, CH4s AND CO, FROM BIOMASS BURNING, CRF 5(V)

Terrestrial fires are very limited in Sweden. Wildfires have been monitored by the Swed-
ish Rescue Services Agency since 1996'% and the area of wildfires has varied from 400
to 6400 hasyr”. Controlled burning after clear-cutting to improve regeneration of trees is
monitored by a full record from 1990 and onwards (Swedish Forest Agency). Controlled
burning for nature conservation is monitored from 2006. In 2006, an area of approxi-
mately 2700 ha was burned after clear cutting and 1400 ha was burned for nature conser-
vation. The trend is that controlled burning is increasing. The Swedish Rescue Services
Agency reports the annual area of wildfires for three different land categories: “Forest”,
“Sparsely covered by trees” and “No tree cover”. The definition of “Forest” almost corre-
spond to the national definition of forest (section 7.3.1.2), “Sparsely covered by trees” are
areas sparsely covered by trees such as mires, forest in the mountain area and parks. “No
tree cover” is land with no trees such as agricultural land, open areas but also some mires.
The assumed former stock on burned areas is based on above-ground figures of living and
dead biomass inventoried by the NFI by matching national definitions to the definition by
the Swedish Rescue Services Agency. The area of wildfires is probably slightly underes-
timated since the reported figures only include actual turnouts by the fire brigade. The
areas of controlled burning for nature conservation are subjectively judged 1990-2006
(after consultation with the Swedish Forest Agency). The accuracy of the burned amount
of carbon per land category is probably low. This is due to a lack of knowledge about the
burned stock in typically burned forests.

122 Statistics Sweden, 2004
Swedish Rescue Services Agency, 2004
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7.4 Methodological issues
7.4.1 CRF-tables 5A, 5B, 5C, 5D, 5E and 5F

7.4.1.1 BASE METHODOLOGY

Sweden reports CRF-tables 5A-5F according to IPCCs stock change method. Since the
estimates are based on representative allometric single tree regression functions or on
direct measurements, a low risk of bias is assumed. The stock change method is com-
bined with a sample-based inventory design and it’s possible to estimate errors of the
estimates. Fortunately, the Swedish National Inventory of Forests (RIS'®’) has monitored
the most relevant carbon pools before the base year (1990) and onward. Another advan-
tage is that this has been undertaken by using permanent sample plots, with access to all
land, and thus it is possible to monitor both gross and net land-use conversions for the six
land-use categories in a consistent and transparent manner.

Year X-1 Year X
Stock Stock

Figure 7.2 For year X, the net emissions/removals are reported as the difference in stock between year X
and X-1 (The stock change method)

7.4.1.2 THE LULUCF-REPORTING DATABASE

The reporting database is based on permanent sample plots inventoried by RIS. Thus all
land and fresh-water areas are monitored. Around 40000 permanent sample plots were
laid out during the period 1983-1987 and these have been re-inventoried at intervals of
around 5-10 years. The land-use of each plot (or sub-plot for plots divided in two or more
land use classes) is described from the year of the first inventory and every year thereaf-
ter. This is also valid for the carbon pools aboveground biomass, belowground biomass,
dead wood, litter and soil organic carbon. The land-use of years between inventories has
been interpolated. Before 2006 there were no information of when a land use transfer
occurred between two consecutive inventories, so before that year a land use conversion
is assumed to occur at a random year between inventories. From 2006 the year of land use
conversions is judged in field (The re-inventory cycle is five years from 2003). Biomass
pools for years between inventories are interpolated by linear interpolation. Some sample
plots have not been re-inventoried due to economic reasons. Plots without a full record

197 Swedish University of Agricultural Sciences, 2005
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have been removed from the reporting database and therefore the original number of
sample plots has been reduced by ca 25 % to about 30 000.

Each single sample plot has been inventoried in one of ten inventory intervals (Table
7.5). Approximately the same number of sample plots has been inventoried each year.
The FRA 2005 forest definition was introduced in 1998'% and to obtain a full record of
correct land-use categories to that year, all sample plots have to be re-inventoried at least
once after 1998. This was the case in year 2007 and thus all figures for all plots are final
for the reporting years 1990-2003. The current year (2006 submission 2008), the report-
ing is based on data first inventoried 1983-1987 with the most recent re-inventory 2003-
2007 (Type 1-10 in Table 7.5, about 100% of all sample plots). When all plots of a spe-
cific year have been re-inventoried at least once after the specific year of reporting the
figures will be re-calculated based on all sample plots. Theoretically, both the current and
the re-calculated reporting will be unbiased. However, the accuracy will be better in the
latter case.

Table 7.5 A single sample plot (or tract) will be inventoried in one of ten inventory intervals. Blue
background refers to measurements and no colour refers to interpolated data.

1 2 3 4 5 6 7 8 9 10

1983 1983 - -
1984 1984 1984 1984 - - - - - -

1985 1985 1985 1985 1985 1985 - - - -

1986 1986 1986 1986 1986 1986 1986 1986 - -

1987 1987 1987 1987 1987 1987 1987 1987 1987 1987
1988 1988 1988 1988 1988 1988 1988 1988 1988 1988
1989 1989 1989 1989 1989 1989 1989 1989 1989 1989
1990 1990 1990 1990 1990 1990 1990 1990 1990 1990
1991 1991 1991 1991 1991 1991 1991 1991 1991 1991
1992 1992 1992 1992 1992 1992 1992 1992 1992 1992
1993 1993 1993 1993 1993 1993 1993 1993 1993 1993
1994 1994 1994 1994 1994 1994 1994 1994 1994 1994
1995 1995 1995 1995 1995 1995 1995 1995 1995 1995
1996 1996 1996 1996 1996 1996 1996 1996 1996 1996
1997 1997 1997 1997 1997 1997 1997 1997 1997 1997
1998 1998 1998 1998 1998 1998 1998 1998 1998 1998
1999 1999 1999 1999 1999 1999 1999 1999 1999 1999
2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
2001 2001 2001 2001 2001 2001 2001 2001 2001 2001
2002 2002 2002 2002 2002 2002 2002 2002 2002 2002
2003 2003 2003 2003 2003 2003 2003 2003 2003 2003
2004 2004 2004 2004 2004 2004 2004 2004 2004 2004
2005 2005 2005 2005 2005 2005 2005 2005 2005 2005
2006 2006 2006 2006 2006 2006 2006 2006 2006 2006
2007 2007 2007 2007 2007 2007 2007 2007 2007 2007
2008 2008 2008 2008 2008 2008 2008 2008 2008 2008
2009 2009 2009 2009 2009 2009 2009 2009 2009 2009
2010 2010 2010 2010 2010 2010 2010 2010 2010 2010
2011 2011 2011 2011 2011 2011 2011 2011 2011 2011
2012 2012 2012 2012 2012 2012 2012 2012 2012 2012
2013 2013 2013 2013 2013 2013 2013 2013 2013 2013
2014 2014 2014 2014 2014 2014 2014 2014 2014 2014

198 Food and Agriculture Organization of the United Nations, 2004
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7.4.1.3 THE SWEDISH NATIONAL INVENTORY OF FORESTS

The Swedish National Inventory of Forests (RIS™®) consists of the Swedish National
Forest Inventory (NF 1200) and The Swedish Forest Soil Inventory (MI?"). The NFI and
the MI are integrated in the same sample design, using the same sample plots but with a
lower sampling intensity for the soil inventory. The reported data of living biomass and
dead wood are based on the NFI and the litter and soil organic carbon on the MI. Gener-
ally processes in the soil are much slower than in the living biomass and that is why NFI
plots (from now on) are re-inventoried every fifth year and MI plots every tenth year.
Moreover, top soil cores are only taken from about every second sample plot and lower
soil horizons are only sampled on every fourth sample plot.

The NFI is an annual, systematic, cluster-sample inventory of Sweden's forests. Each
year around a thousand survey sample clusters are inventoried in the field. One third of
the clusters are temporary and two thirds are permanent. Only permanent sample plots are
used for UNFCCC/KP future reporting. The clusters are distributed throughout the coun-
try in a pattern that is denser in the southern part of Sweden than in the north. The clusters
(tracts) are square-shaped with sample plots along each side. There are between four and
eight sample plots in each cluster, depending on geographical region. Each year, about
6000 permanent survey sample plots are inventoried in the field. On each circular sample
plot, with a radius usually of 10 or 20 m, information is collected about the trees, the
stand and the site. The focus of the NFI is on monitoring forests for timber production
and environmental protection.

The MI uses the 10-m radius sampling plot. On that plot, MI records general site vari-
ables, makes a soil and humus type description, samples litter and soil and makes a vege-
tation inventory of the bottom and field layer. Depending on the humus type classification
the O, H and A horizon are sampled using an augur. The mineral soil is sampled in differ-
ent layers according to the distance from the soil surface and to some extent depending on
the soil type. From 2003 and onwards the soil sampling has been harmonized with an
ongoing European inventory, i.e. Biosoil and soil samples are taken at fixed depths
throughout the profile.

7.4.1.4 SAMPLE BASED ESTIMATIONS

The sample frame consists of a map covering the whole land and fresh water area of
Sweden. A sea archipelago zone where islands covered by vegetation might occur is also
included in the frame (but no sea area is reported). The frame is divided into about 30
strata and a specific number of sample units are sampled per stratum. Each cluster (tract)
of sample plots is assumed to be the sample unit. The inventoried area of tract number j
will represent a large area in the estimations of area weight and the sum of all represented
areas will be equal to the total county area (4;).

Areaweight; =
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Swedish University of Agricultural Sciences, 2005
Ranneby et al., 1987
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where Area weight; = the area that tract j within county 7 will represent, n,= number of
sampled tracts within county i, and a; = the inventoried area of tract j within county i. In a
consistent manner the Area weight; will be the same for each year from 1990 onward.
Whole plots or plot parts may change land use category by time but the total tract area
will always represent the same area. At the county level, the reported value (e.g. the A-
carbon for land use category Forest land remaining Forest land) will be estimated by a

ratio estimator2?,

S,

RS

1

>

where Y; = the ratio estimated value, 4; = the measured area (of year 1984 by the na-
tional land survey; Lantméteriet®*®). X = the estimated value of the variable of interest
according to Horvitz-Thompson and A4; = the estimated area according to Horvitz-
Thompson. Index i refers to county.

The two values estimated by the Horvitz-Thompson estimator are calculated similarly,
e.g. as:

n;
X, = Areaweight, Z X
Jj=1

where x;; = is the inventoried value of tract j (within county 7).

Finally the reported value on national level, Y, is estimated as:

<6

]
—_

Y =

where N = the total number of counties in Sweden.

Sweden will only report “human induced” carbon changes, where “human induced” has
the interpretation of “managed”, i.e. the biomass stock change on unmanaged land are set
to zero. However, the “actual” stock on unmanaged land is considered when calculating
stock changes after conversions between unmanaged and managed land and vice versa.
All areas, managed or unmanaged, are reported.

7.4.2 Methodology, CRF-tables 5A, 5B, 5C, 5D, 5E and 5F

7.42.1 LAND USE TRANSFERS

Land-use transfers are assumed to occur at a random year between two consecutive in-
ventories but from 2006 the year of conversion is judged in field. Every land-use transfer
is monitored for 20 years until the new land-use category is reported as remaining in the
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203 Thompson, 1992

Lantmateriet, http://www.lantmateriet.se/
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specific category. If a second land-use category transfer occurs within the 20 years, the
counting starts all over again and the second transfer is monitored for 20 years until this
new land-use category is reported as remaining in the specific category. It is also possible
to trace back some land-use transfers up to 20 years before 1983 and consequently it also
possible to decide how many years a sample plot has belonged to a certain land-use cate-
gory and what land-use category it was converted from.

Protected areas were not regularly field inventoried until year 2003 when the variable
“Protective Area, Nature Reserve” was left out and the protected land areas were included
in other land-use categories. Therefore since 1990, formerly protected areas have ob-
tained the same land-use category/biomass pools as estimated in 2003 or after.

As mentioned, the FRA 2005 definition of Forest land was introduced in 1998. There-
fore, for the period 1990-1997, land-use categories have to be re-determined. If the land-
use category for a sample plot was registered as Forest land at the first inventory after
1997 and the national (sector 7.3.1.2) land-use category had been the same at all invento-
ries to that date, then the plot is assumed to have always belonged to the land-use cate-
gory Forest land. If the land-use category was registered as Forest land at the first inven-
tory after 1997 and the national (sector 7.3.1.2) land-use category had changed after the
base year, the old land-use categories are assumed to remain until the year of conversion.
If at consecutive inventories after that, the land-use category belonged to the same land-
use category, the plot is assumed to belong to the category Forest land all years after the
year of conversion.

Two types of inconsistently classified land-use transfers have been identified and cor-
rected: 1) inconsistency over time in applying land-use category definitions, and ii) incon-
sistency in delineating borders between plots divided into more than one land-use cate-
gory. An example of type (i) is when at different inventories, the land-use category of a
sample plot has been classified first as Forest land, then as Wetlands and then once again
as Forest land without traces of human activities. After the correction the land-use cate-
gory is assumed to be Forest land on all three occasions. Another type (i) example is
when a recreation forest close to a city has been converted from Settlements (section
7.3.1.2, national land-use category 13, “Urban land”) to Forest land and the new land-use
category consists of old trees. This has been corrected so the land-use is assumed as For-
est land on both occasions. An example of type (ii) is when, for divided plots representing
more than one land-use category, at the re-inventory the delineation has been changed not
due to actual changes but due to personal judgments. These land-use changes should not
lead to ARD and have been corrected by keeping the newer delineation, usually if the
assumed incorrect new delineation deviate approximately less than 0.75 m* from the old
delineation. If the affected area is larger, the new delineation is assumed to be correct.
Rules for automatic and manual corrections of inconsistencies and the actual corrections
are saved and could be verified on request.
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7.4.2.2 LIVING BIOMASS

A national methodology (Tier 3) is used. The aboveground biomass per fractions is esti-
mated by applying Marklund’s?® biomass functions to calliper and sample trees of the
NFI?*® (permanent sample plots). Calliper trees (Table 7.6) are trees only measured for
stem diameter and species and sample trees are trees measured also for age, height and
crown height. The below-ground biomass is estimated by Peterssons and Stahl’s?*® bio-
mass functions applied to the same trees. The conversion factor 0.49 is used to convert
biomass to carbon®”’. Estimates are based on repeated measurements and the stock
change of for example year 2000 is calculated as the difference in stock of years 2000-
1999.

Marklund’s single tree allometric regression functions were developed for predicting
biomass of the tree fractions needles (not leaves), branches, bark and stem for Scots pine
(Pinus sylvestris), Norway spruce (Picea abies) and birch (Betula pendula and Betula
pubescens). The total fresh weight of each tree (in total, about 1300 trees) and the fresh
weight of samples from different fractions were measured in the field. The dry weight of
each sample, defined as the constant weight at 105° Celsius, was measured at the labora-
tory. The calculations of dry weight per fraction were based on these measurements. The
trees were selected from 123 stands from different parts of Sweden, covering a wide vari-
ety of stand and site conditions.

Petersson and Stahl developed allometric single tree below ground biomass functions
for Scots pine, Norway spruce and birch in Sweden. The idea was to calibrate an existing
comprehensive data set of about 600 trees inventoried by Marklund, that only covered the
stump and coarse roots, by a new data set that covered roots down to 2 mm diameter. The
new data set consisted of about 80 trees acquired using the same design as Marklund, but
complemented by a detailed inventory of the fine root fractions remaining in the ground.
The old data set was calibrated before the two data sets were merged. The merged data set
was used for deriving the functions.

204 \rarklund, 1987 and 1988
Ranneby et al., 1987

Petersson and Stahl, 2006
National Board of Forestry, 2000
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Table 7.6 The simplest biomass functions applied to trees only measured for stem diameter at
breast height (1.3 m) and species. TVSTEM=dry weight, stem including bark [kg], TVLGREN=dry
weight, branches and needles (not leaves) [kg], TVBARR=dry weight, needles (not leaves) [kg],
TVROTSTU=dry weight, stump and roots down to 2 mm [0.1 kg], D=stem diameter at breast
height (1.3 m) [cm] and dbh=stem diameter at breast height (1.3 m) [mm]

Biomass function Unit Reference

Scots pine (Pinus sylvestris)

TVSTEM=exp(11.3264*D/(D+13.)-2.338) kg] Marklund, T-1
TVLGREN=exp(9.1015*D/(D+10.)-2.8604) kgl Marklund, T-13
TVBARR=exp(7.7681*D/(D+7.)-3.7983) kgl Marklund, T-17
TVROTSTU=exp(3.44275+((dbh/(dbh+113))*11.06537)+((0.35449**2)/2.))/100. [0.1kg]  Petersson & Stahl

Norway spruce (Picea abies)

TVSTEM=exp(11.3341*D/(D+14.)-2.0571) kgl Marklund, G-1
TVLGREN=exp(8.5242*D/(D+13.)-1.2804) kgl Marklund, G-11
TVBARR=exp(7.8171*D/(D+12.)-1.9602) kgl Marklund, G-15
TVROTSTU=exp(4.58761+((dbh/(dbh+138))* 10.44035)+((0.32308**2)/2.))/100. [0.1kg]  Petersson & Stahl

Birch (Betula pendula and B. pubescens)

TVSTAM=exp(11.0735*D/(D+8.)-3.0932) kgl Marklund, B-1
TVLGREN=exp(10.2806*D/(D+10.)-3.3633) kgl Marklund, B-11
TVROTSTU=exp(6.17080+((dbh/(dbh+225))* 10.01111)+((0.36266*2)/2.))/100. [0.1kg]  Petersson & Stahl

7.4.2.3 DEAD ORGANIC MATTER

The dead organic matter pool includes different sub-pools that are estimated in somewhat
different ways. A national methodology (Tier 3) is used. The reported stock change is the
annual average change in the trend in carbon stock between 1993 and 2004 except for the
dead wood and coarse litter. The amount of carbon in dead wood is assessed by first
measuring the volume of dead wood and then converting to carbon by multiplying by
constants. Different constants are used per decay class and species?®®. The inventory of
dead wood began in 1995 (for northern Sweden, 1994) and this year’s reporting is based
on up to approximately 18000 sample plots inventoried in 1995/1999, 1996/2000 and
1997/2001 and re-inventoried in 2004, 2005 and 2006, respectively. For all inventory
occasions, the reported figures are estimated by the same monitoring design using the
same conversion factors, and data for years between inventories are interpolated. The
reported figures between 1990 and 1997 are based on the trend between 1995/1999 and
2004 (approximately 6000 sample plots), and the figures of 1998 are based on the trends
1995/1999-2004 and 1996/2000-2005 (12000 plots). The figures of year 1999 are based
on the trends 1995/1999-2004, 1996/2000-2005 and 1997/2001-2006 (approximately
18000 plots). The reported figures between 2000 and 2004 are based on all the four trends

208 Sandstrém et al., 2007
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(about 24000 plots) and the figures of 2005 are based on the trends 1996/2000-2005,
1997/2001-2006 and 1998/2002-2007 (about 18000 plots). The figures of 2006 are based
on the trend 1997/2001-2006 and 1998/2002-2007 (about 12000 plots).Due to an ambi-
tion to increase the amount of dead wood, the amount of carbon for this pool probably
increased in the early 1990s.

Sandstrom et al. developed conversion factors from volume per decay class to bio-
mass for the species Norway spruce, Scots pine and birch in Sweden. About 2500 discs
were collected from logs in managed forests located on 290 NFI?* sample plots and in 11
strips located in preserved forests. Thus the data represented different site-, stand-, spe-
cies- and dead wood properties in Sweden. Per species and decay class, the volume per
sample was measured. The dry weight of each sample, defined as the constant weight at
85°C, was measured at the laboratory. The carbon content?'® per dry weight biomass for
Norway spruce and Scots pine was estimated to 50.0 and 51.2 % respectively, based on a
sub-sample. The conversion factors decreased significantly by decay class and the aver-
age dry densities were 0.226, 0.239 and 0.275 [gecm™], for Norway spruce, Scots pine
and birch, respectively. Belowground dead wood originating from stump and root sys-
tems of dead trees is not reported this year.

The carbon in the litter pool is estimated based on three different sources (i) coarse
litter (ii) annual litter fall and (iii) litter <2 mm. Coarse litter is defined as dead organic
material with a “stem diameter” between 10-100 mm and originating from dead trees.
Coarse litter is not inventoried but calculated as 15 % of the aboveground dead wood.
This figure, 15 %, is assumed. Litter fall for conifer species is calculated using empirical
functions and litter fall for deciduous species by biomass functions for leaf biomass. This
fraction of litter is regarded as an annual pool. What is remaining in this pool after one
year will be included in the O horizon. The fine litter (< 2 mm) is the pool that is esti-
mated by sampling the O or H horizon sample which is taken on an area basis, weighed
and analysed for carbon content. Thereafter the carbon amount per area unit is calculated.
Equations for all the sub-pools in the litter are given in Table 7.7
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Table 7.7 Functions used to estimate the litter part of the dead organic matter pool. The follow-
ing abbreviations are used; CL=coarse litter, DW=dead wood, AL=Annual litterfall, NS=Norway
Spruce, PS=Scots pine, D=decidous, Lat=Latitude, BA=basal area, Age=tree age, ND=number of
decidous stems ha™®, ABHD=average diameter at breast height (1.3 m), C=carbon, Cconc=Carbon
concentration in %, SDW=sample dry weight in Mg, SA=sampled area in ha, TL=total litter)

Coarse litter Unit
CL=0.15-DW [kg *ha-1]
CCL=0.5-CL/1000 [Mgeha-1]
Annual litterfall (AL)

ALNS=16509-245.8+Lat+5.22-BANS kg *ha-1"""
ALPS=6906-102.3+Lat+46.4*BAPS-4.5°Age [kg *ha-1]2"2
ALD= ND+0.00371+ABDH "% [kg *ha-1]*"3
CAL=0.5+ (ALNS+ALPS+ALD)/1000 [Mgeha-1]
Fine litter<2 mm

CFL=SDW?-+Cconc*0.01/SA [Mgeha-1]
Total litter carbon

CTL=CCL+CAL+CFL [Mgeha-1]

7.42.4 SOIL ORGANIC CARBON

The soil organic carbon pool is estimated using different approaches depending on the
land use. For Forest land and Grassland mineral soils estimates are based on repeated soil
sampling in combination with pedotransfer functions. For organic forest and grassland
soils the changes are based on emission factors and area estimates of different sub-
categories. For Cropland the ICBM model?' is used to calculate changes in the soil or-
ganic carbon stock on mineral soils and an estimation of the subsidence to calculate the
change on organic soils.

7.4.2.4.1 Forest land and Grassland

The estimates of soil organic carbon changes in mineral soils are based on repeated
measurements on the NFI plots of several variables. The basic function used to determine
the amount of carbon in a soil layer is based on the amount of carbon in a certain soil
layer and the fraction of fine earth. The amount of fine earth is dependent on the bulk
density and amount of gravel, stones and boulders in the soilThe basic function used to
determine the amount of carbon in a soil layer is:

SOCi=Ci » Wfei,

where SOC; is the amount of carbon found in soil layer i [Mgeha] and C; is the carbon
concentration [%] in the fine earth fraction (<2 mm) and Wfe, is the amount of fine earth
in the soil layer [Mgeha™']. The amount of fine earth is dependent on the bulk density and
amount of gravel, stones and boulders in the soil, hereafter referred to as stoniness. There
are no direct measurements of stoniness in the MI during the period 1993 to 2002, i.e. the
period of data collection used for this year’s reporting. However, measurements of the
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stoniness started in 2003 and will be completed for all plots in 2012 using a modified
Viro method?'. Since data on stoniness is not expected to change, the reported data can
be recalculated for the whole reporting period at the end of the commitment period.

For this reporting period the relationships between stoniness data collected 2003 and
2004 and a measured boulder frequency available for all the plots is used. Separate rela-
tionships were determined for the categories till, poorly sorted waterlaid sediments and
well-sorted waterlaid sediments. It is important to note that any error in the estimate of
stoniness have no influence on direction of change in carbon pool but might affect the
magnitude of the change slightly (Table 7.8).

Table 7.8 Stoniess correction coefficients.

Boulders (number/plot) Parent material class Stoniness (vol-%)
0 Well sorted sediment. 3.64
1-10 Well sorted sediment 4.72
11-50 Well sorted sediment 8.10
51-100 Well sorted sediment ND
>100 Well sorted sediment ND
0 Poorly sorted sediments and glacial till 23.6
1-10 Poorly sorted sediments and glacial till 31.2
11-50 Poorly sorted sediments and glacial till 375
51-100 Poorly sorted sediments and glacial till 46.9
>100 Poorly sorted sediments and glacial till 54.2

Bulk density (BD) is not measured for the mineral soil samples. Bulk density is instead
predicted using a pedotransfer function,

BD=1.5463-¢ "¢ 10.002074D

where C; is the carbon concentration [%] in the fine earth fraction (<2 mm) and AD the
average depth of the soil layer in cm.

After the estimates for stoniness and bulk density have been made the carbon amount
in each sampled soil horizon at each plot is determined. Thereafter the soil carbon in soil
horizons not sampled is determined by interpolation between layers.

The estimates of soil organic carbon changes in drained organic forest soils are calcu-
lated as the difference between annual below ground litter input and the heterotrophic
respiration. Annual litter production is derived from the National Forest Inventory and the
emission factors for drained and undisturbed organic forest soils are based on studies
from Sweden and Finland.

The annual below ground litter input was estimated using annual above ground litter
production from the NFI and the assumption that the fraction of below ground litter pro-
duction is equal to the above ground litter production. The proportion of decomposed
carbon assumed to correspond to the input to the soil organic carbon pool was set to 20%
of the annual litter production.

215 Viro, 1952.
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The emission factors for heterotrophic respiration derived from the calculations made by
von Arnold et .al. (2005)*'®was used to calculate the emissions from drained organic
forest soils. The emission factors were 3.0 t CO,-C ha™ year™ (range 2.49-3.51) for well
drained soils and 1.9 t CO,-C ha™ year™ (range 1.45-2.35) for poorly drained soils. Undis-
turbed organic soils was assumed to be in balance and accordingly no emissions or re-
movals was estimated on these soils.. The total area of organic soils and the sub-area of
drained soils was estimated from the NFI-database. Of the drained soils, the well-drained
soil part was estimated to 91%.

7.4.2.4.2  Cropland on mineral soils

The carbon changes in the mineral soil are calculated based on data from eight agricul-
tural production regions using the model ICBMregion. The ICBM model is described in
Andrén & Kitterer?'’. The calculations are based on daily weather data, annual crop har-
vest statistics and the use of manure in each region and the results from a nationwide

survey of agricultural soils including data on carbon content and texture®'.

7.4.2.4.3  Cropland on organic soils

The emission factor for cropland on organic soils has been estimated using data from
eight Swedish sites where the mean annual subsidence rates for peat soils cultivated with
different crops have been studied?'. First, the mean annual carbon loss per cm soil subsi-
dence, hereafter referred to as the carbon loss factor (CLF), was calculated;

CLF=C, -BD-C,

where C. is the carbon oxidation rate given as a fraction of total subsidence rate in cm yr’
' BD is the bulk density in g cm™, C. the carbon concentration in % of the soil material.
Carbon oxidation has been calculated to make up 30 — 40 % of the total subsidence and a
fixed value of 35 % has been used. Assuming a bulk density of 0.2 g cm™ and a carbon
concentration of the oxidized soil layer of 45 % the CLF was estimated to 3.15 Mg C ha™
em™.

Total carbon emissions from organic soils in Sweden were estimated using the for-

mula:
CO, — C emmission= ZSR -area, - CLF

where areai and SRi denotes the area and the subsidence rate of crop type i. The back-
ground data for subsidence rates are for pasture 0.5 cm yr™', for lay 1.0 cm yr™', for cereals
1.5 cm yr™' and for row crops 2.5 cm yr''. The relative area proportion of the different
crop types are 38, 36, 24 and 1.4 %, respectively, and the total area of organic soils under
agricultural production is 249 800 ha?®’. The area of organic soils and the proportion of

213 von Arnold et. al. 2005
218 Andrén & Katterer, 2001.
Eriksson 1997,1999

23 Berglund, 1989
Berglund and Berglund, 2005
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different crop types was changed in this submission (from reporting year 2003) due to the
study referred to above but there is no additional information on when or how fast the
land-use actually changed.

7.4.2.4.4 CO, emission from mineralization when extracting peat

A limited area of Wetlands (10000 ha) used for peat extraction is considered managed
and reported under Wetlands remaining Wetlands and soil organic carbon. The reported
CO, emissions refer to mineralization when extracting peat for fuel and agricultural pur-
poses. The emitted CO,

[M toneyr'] is calculated as:

CO,=P*EF

where P=production area [ha] and EF=emission factor [M tonsha™'yr]. The production
area is the area suitable for peat extraction and this area is part of the concession area for
peat extraction. Peat extraction is only ongoing on part of the production area. The peat
extraction is usually proceeding many years on the same production area until this area is
closed down and restored. Former managed peat land is usually restored by saturation by
water or by conversion to Forest land. The water saturation will probably stop most car-
bon mineralization and Wetlands converted to Forest land is reported under Wetlands
converted to Forest. Production areas are obtained from Svenska Torvproducentférenin-
gen221. The emission factor (6 [ton CO,*ha*yr']) is based on studies made by Kasimir-
Klemedtsson et al.??? and by Sundh et al.*®, (Table 7.9).
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Table 7.9 The production area and emission associated with mineralization when extracting peat
on Wetlands. An emission factor of 6 [ton COzsha syr™] have been used.

Production area Emission, CO,
Year 1
[ha] [M ton=yr]
1990 6600 0.040
1991 6100 0.037
1992 6600 0.040
1993 6400 0.038
1994 7000 0.042
1995 7700 0.046
1996 6800 0.041
1997 8100 0.049
1998 6700 0.040
1999 9700 0.058
2000 10400 0.062
2001 10500 0.063
2002 10200 0.061
2003 9400 0.056
2004 8000 0.048
2005 10300 0.062
2006 6200 0.037

7.4.3 Methodology, CRF 5(1), 5(1I), 5(11), 5(IV) and 5(V)

7.4.3.1 DIRECT N,O EMISSIONS FROM N FERTILIZATION, CRF 5(I)
Methodology level Tier 1 is used and the reported figures refer to N>Oivect fersitizer (0f N).
All fertilization is assumed to occur on Forest land remaining Forest land. In year 1990
nitrate of lime (Ca(NOs),) was the dominant fertilizer but thereafter the fertilizer have
been based on 50 % NOs-N and 50 % NH4-N. The reported annual N>Oyirect feriitizer [GEYT
" is calculated as:

NZOdirect_fértilizer:Fsynt.EF.44/28

where F,,~ is the amount of synthetic fertilizer nitrogen applied [Ggeyr'] and EF is the
emission factor for N,O emissions from N-inputs (IPCC-default emission factor of 1.25
%224). F1s adjusted for volatilisation by a fixed loss rate of 10 %. Finally, N,O-N is
converted by multiplying N by 44/28 (Table 7.10).

224 Intergovernmental Panel on Climate Change, 2003
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Table 7.10 The annual amount of synthetic fertilizer sold for application in forestry and the an-
nual direct N,O emission from nitrogen fertilization

Synthetic fertilizer, N Emission, N,O
[Ggeyr] [Ggeyr]
Year Large scale forestry Small scale Total Total
forestry
1990 10.418 0.061 10.48 0.185
1991  6.043 0.061 6.10 0.108
1992  4.232 0.061 4.29 0.076
1993 3.748 0.061 3.81 0.067
1994  3.293 0.061 3.35 0.059
1995 3.824 0.061 3.88 0.069
1996 3.457 0.061 3.52 0.062
1997 2.710 0.061 2.77 0.049
1998 2.747 0.061 2.81 0.050
1999  3.601 0.061 3.66 0.065
2000 3.536 0.061 3.60 0.064
2001  2.983 0.061 3.04 0.054
2002 2.039 0.061 2.10 0.037
2003 2.430 0.061 2.49 0.044
2004 3.055 0.061 3.12 0.055
2005 4.563 0.061 4.62 0.082
2006  4.903 0.061 4.96 0.088

7.4.3.2 N,O EMISSIONS FROM DRAINAGE OF SOILS, CRF 5(1I)
Not reported (optional).

7.43.3 N,O EMISSIONS FROM DISTURBANCE ASSOCIATED WITH LAND-USE
CONVERSION TO CROPLAND, CRF 5(1I1I)

A Tier 1 methodology is used. The reported annual N,O emission from disturbance asso-

ciated with land use conversion to Cropland (N0, [Gg-yr'l]) is calculated as:

N,0,,,=AC,, -~————— EF-44/28

conv min C
ratio

where ACi,= is the annual emission of carbon due to soil mineralization (IPCC225),
C:N.i0= the average ratio between carbon and nitrogen in the soil (a constant of 15;
IPCC), EF= the emitted proportion N,O from N (a constant of 1.25 %; I[PCC) and 44/28
is used to convert N to N,O. 2.5 % of the carbon is assumed to be mineralised. The
amount of carbon is calculated as the area converted times a constant of 120 ton C per ha.
Summary results are found in Table 7.11.

225 Intergovernmental Panel on Climate Change, 2003
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Table 7.11 Annual N,O emission from disturbance associated with land use conversion to Crop-
land (Conversions from Settlements should not be reported and the emission factors used in
calculation might be incorrect for this type of conversion).

NO emission associated with conversion to Cropland [Ggeyr ]

Year Forest land Grassland

1990 0.006 0.064
1991 0.006 0.082
1992 0.006 0.086
1993 0.006 0.106
1994 0.006 0.118
1995 0.007 0.129
1996 0.007 0.138
1997 0.007 0.151
1998 0.010 0.151
1999 0.010 0.150
2000 0.015 0.158
2001 0.015 0.171
2002 0.011 0.187
2003 0.012 0.203
2004 0.015 0.222
2005 0.014 0.234
2006 0.018 0.258

7.43.4 CARBON FROM AGRICULTURAL LIME APPLICATION, CRF 5(1V)
Methodology level Tier 1-2 is used for reporting carbon emissions from liming. The re-
porting is based on consumption studies®”® and all liming is assumed to occur on Crop-
land remaining Cropland. The reported annual carbon emission from agricultural lime
application (Cjime; [Ggeyr]) is calculated as:

Clime:Mlimestone'EFlimestone+Mdolomite'EFdolomite

where Mj;e.s.one—annual amount of sold calcic limestone [Gg-yr'l], M jp1omire=annual amount
of sold calcic dolomite [Ggeyr], EF imesione=emission factor for limestone=0.120, and

EF 4o1omie=cmission factor for dolomite=0.122. Carbon (C) is converted to carbon dioxide
(CO,) by the conversion factor 44/12 (Table 7.12).

226 Statistics Sweden, 2004
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Table 7.12 Annual CO; equivalents from emission of lime products.

Annual CO, emissions from liming [Gg-yr™]
Dolomite products  Limestone products

Year Dolomite Mg- Lime- Find- Lime for Lime from Lime from Other Total
lime stone ground gardens steel- sugar lime-
raw production  production  Products
lime

1990 25 32 35 12 21 14 30 1 170
1991 17 28 31 14 17 5 21 0 134
1992 11 20 21 16 14 5 22 0 109
1993 12 22 30 16 14 4 32 0 130
1994 13 26 39 27 11 4 36 0 156
1995 12 25 48 31 12 4 35 0 169
1996 17 37 54 35 10 4 35 0 193
1997 15 37 52 23 9 6 32 0 174
1998 14 21 27 21 9 2 36 0 131
1999 17 34 30 28 6 7 35 0 156
2000 17 28 30 36 7 5 34 0 156
2001 10 29 25 32 6 3 31 0 137
2002 17 20 30 23 4 5 29 2 131
2003 18 27 20 19 3 4 29 7 128
2004 16 27 18 15 3 4 28 12 122
2005 15 26 16 10 3 4 26 17 117
2006 8 19 10 8 3 3 24 16 91

7.4.3.5 EMISSIONS FROM BIOMASS BURNING, CRF 5(V)

Tier 1 and IPCC default emission factors are used. All land categories are monitored but
the reported emission is assumed to occur only on Forest land remaining Forest land and
on Grassland remaining Grassland. Based on the above ground standing stock of living
and dead biomass®?’ and by assuming that 25 % of the biomass is burned, the amount of
carbon burned is assumed to be 5.78, 1.02 and 0.72 C [Mgeha™'] for the categories “For-
est”, “Sparsely covered by trees” and “No tree cover”, respectively. The biomass of dead
wood constitute about 0.3-0.6 % of this biomass. When controlled burning is performed
for regeneration or nature conservation purposes, respectively, 1.15 and 5.78 C [Mgeha™]
are assumed to be released. The annual emission of carbon dioxide (CO,-burning [Ggeyr
') due to burning of wildfires or controlled burning is calculated as:

CO:-purning=A*B*44/12
where A=the annual burned area [ha*yr'], B=amount of carbon burned [Ggeha™'].

The annual emission of nitrous dioxide (N:Opuming [Gg-yr"l]) due to burning of wildfires
or controlled burning is calculated as:

N>Obyrning=A+B+0.010.007+44/28

221 Ranneby et al., 1987
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The annual emission of methane (CH4-pyrming [Gg-yr'l]) due to burning of wildfires or
controlled burning is calculated as:

CH 4-purning=A*B+0.012+16/12

Emissions are presented in Table 7.13.

Table 7.13 Annual emission from biomass burning.

Fire category [hasyr"] Annual emission
Wildfire Controlled burning CO, N2O CHg4
Year  Forest Sparsely No tree Regene-  Bio- [Ggeyr"l  [Ggeyr'l  [Ggeyr']
covered cover ration diversity
by trees

1990 567 647 924 459 0 19 0.00056 0.082
1991 567 647 924 155 0 18 0.00053 0.076
1992 567 647 924 201 0 18 0.00053 0.077
1993 567 647 924 334 0 18 0.00055 0.080
1994 567 647 924 152 0 18 0.00053 0.076
1995 567 647 924 177 0 18 0.00053 0.077
1996 567 647 924 455 0 19 0.00056 0.082
1997 3810 1092 1484 1720 0 96 0.00288 0.419
1998 74 123 216 570 0 5 0.00015 0.022
1999 792 282 227 2293 200 32 0.00097 0.141
2000 783 323 430 1138 400 32 0.00096 0.140
2001 411 277 542 2144 600 33 0.00099 0.143
2002 874 403 1322 3002 800 53 0.00159 0.232
2003 1321 1016 1663 2073 1000 66 0.00198 0.288
2004 896 550 437 2694 1200 59 0.00177 0.257
2005 665 474 423 1888 1400 54 0.00163 0.238
2006 4206 495 480 2693 1410 133 0.00400 0.582

7.5 Uncertainties and time series consistency

7.5.1 Uncertainties

7.5.1.1 BACKGROUND

Inventory agencies may apply national methods for estimating the overall uncertainty and
since the Swedish reporting system mainly is based on sampling a national method is
chosen. Uncertainties from reported estimates arise from random and systematic errors.
Random errors dominate for the living biomass, dead organic matter and soil organic
pools and systematic errors for other pools. For estimated annual emissions and removals,
a summary of uncertainties is found in Table 7.14. The random errors could be estimated
by statistical theory but systematic errors are often hard to quantify. Generally for Swe-
den, the systematic error induced by activity data is small compared to the error due to
use of incorrect emission factors. Systematic errors could also arise from missing or over-
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lapping pools. Systematic errors are subjectively judged with help from experts and from
default error values according to IPCC?%%,

Table 7.14 Estimated annual net emissions/removals and their corresponding uncertainty
(2erelative “standard error”). For categories Living biomass, Dead organic matter and Soil or-
ganic carbon, standard errors are based on random sampling. For other categories, standard
errors refer to biases that are assumed. Assuming GWP=1 for CO;, 310 for N,O and 21 for CHy,
the uncertainty level for the total net removal is estimated to 32%. Combined uncertainties are
calculated according to IPCC, minus=removal

Emission/Removal 2-Relative Standard

[Ggryr] [%]
Category CO, N2O CH, CO; N2O CHa
Living biomass -28158 - - 22 - -
Dead organic matter -3193 - - 70 - -
Soil organic carbon 5413 - 35 - -
Direct N fertilization, 5 (1) - 0.088 - - 50 -
Drainage of soils, 5 (I1) - NE - - NE -
Conversion Cropland, 5 (ll1) - 0.276 - - 100 -
Agricultural lime application, 5 (IV) 91 - - 50 - -
Biomass burning, 5 (V) 133 0.004 0407 50 75 75
All -25713  0.368 0.407 31 90 75

7.5.1.2 LIVING BIOMASS
Estimates of living biomass are based on regression functions applied to sample trees
from the NFI**’. The estimated accuracy of these estimates depends mainly on the sample
design of the NFI. Results from the control inventory of the NFI indicate that measure-
ment errors, registration errors and errors caused by the instruments (callipers) could be
assumed to be close to zero. The derivation data for the regression functions cover a wide
variety of stand and site conditions and a potential bias induced by wrongly specified
models and an unrepresentative derivation data could probably be ignored. Estimates for
reporting years 1990-2003 are based on approximately 30000 sample plots and with a
corresponding estimated relative standard error of 10%. Estimates for reporting years
2004, 2005 and 2006 are based on approximately 24000, 18000 and 12000 sample plots,
respectively. Consequently, the relative sample error increases from 2003 onwards.. The
re-calculation is motivated by obtaining a smaller sampling error. Still, the expected val-
ues of former and re-calculated estimates are the same.

The reported estimated standard errors of the estimates are calculated by formulas for
a ratio estimator®° (Sector 7.5.1.2.1). The tracts (clusters) are assumed to be sample units
and these units are assumed to be randomly distributed within strata. Small trees, shrubs
and other vegetation, such as herbs, are not included in the figures. It is assumed that the
net change in the stock of this vegetation is small.

228 Intergovernmental Panel on Climate Change, 2003
229
230 Ranneby et al., 1987

Thompson, 1992
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7.5.1.2.1 Calculating uncertainties for a ratio estimator
A ratio estimator is calculated on county level:

FoaXii 2%y g

Ai Z a;
where )A’l = the ratio estimated value for county i (for example the change in biomass
stock), A; = the measured area of county i, X ; = the estimated value of the variable of
interest according to Horvitz-Thompson for county i and A, = the estimated area accord-
ing to Horvitz-Thompson for county i. Y x; is the sum of the variable of interest over
sampling units (tract) j within county i. ) a;; is the total inventoried area over sampling
units (tract) j within county i. The estimated variance on county level is calculated as:

A?
i 2
> nlS

( ) Xy —R;-a;
Z dj;

where n=the number of sampling units (tracts) within county i and S

Vglr();i ) ~

2

< Riay 19 the standard

deviation based on x;-R; a;. Each county constitute a stratum and the estimated variance
over all strata (whole Sweden) is calculated as:

N A N A N
Val’ YSwe = ZVGV Yi
i=l N N
where N=number of strata (counties in Sweden), Var| Y sw. |= the estimated variance for
the reported estimate on national level and the corresponding standard error of this esti-

mate is:
SE =\Var(7,,,)

Finally, the reported Uncertainty is calculated as:

Uncertainty = 2-SE

7.5.1.3 DEAD ORGANIC MATTER

Estimates of dead organic matter are based on sampled data from the litter pool and dead
wood pool from the NFI and the MI. The sample error for the entire dead organic matter
pool is calculated similarly to the living biomass calculation and is given in Table 7.14.
There is probably a small error in the estimates of dead wood due to incorrect measured
volumes and due to errors connected to the conversion from volume to carbon. Coarse
litter is calculated as 15 % of the dead wood. The error of this proportion might be large
since the knowledge of the relation between the amount of dead wood and coarse litter is
poor. Compared to submission 2006 accuracy has improved since the reported figures
now are based on repeated measurements of dead wood (1995 to 2005) and O horizon
samples (1993-1996 to 2003-2005), and because we are now also basing the estimate on
interpolated values for years between inventories. The accuracy will increase in the future
when the estimates will be based on more data from repeated measurements.
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7.5.1.4 SOIL ORGANIC CARBON

The sample error for the soil organic matter pool is calculated similarly to the living bio-
mass calculation and is given in Table 7.14. The problems associated to the estimates of
changes in the soil carbon pool is of the same nature as the ones described for the dead
organic matter pool above, and significant improvements are expected when the propor-
tion of repeated measurements will increase. Another problem associated to our method-
ology is the risk of systematic errors in the sampling and analysis of data. Since there are
rather small changes in large pools even a small systematic error may cause a trend in the
material. From 2003 the sampling methods of soil samples have been changed compared
to earlier inventories in order to avoid subjective judgements in sampling, e.g. regarding
determination of soil horizon boundaries. This might give rise to problems of comparabil-
ity between inventories but should improve the quality of the data by reducing future
risks of systematic errors. Significant efforts are made to check data and to remove possi-
ble sources of error in the field data collection. The uncertainty in activity data (area) for
CO, emission from mineralization when extracting peat is judged to 25% and the uncer-
tainty due to errors in the emission factor chosen is judged to 300%. The high error of the
EF is based on the fact that i) the variation between different emission factors is signifi-
cant®', and ii) the underlying data of the EF does not perfectly match the target popula-

. 232233
tion™ """,

7.5.1.5 OTHER CO, EMISSIONS

The reported CO, emission from agricultural lime application is based on consumption
studies and the design is regarded as a total inventory with no random error. The error due
to activity data is probably small and the reason for this is high quality data on quantities
of limestone and dolomite sold. It is assumed that the error due to the use of incorrect
emission factors used might be quite large. The reported uncertainty is based on a default
error from IPCC?**.

Uncertainties from biomass burning arise from the errors in the estimated area that is
burned and in the emission factors used. The emitted amounts per area unit depend on the
biomass stock before the fire and the proportion of this biomass that actually is burned.
The error of the estimated burned area is probably quite small but the knowledge of emit-
ted amount per area is quite poor. The reported uncertainty is based on a default error
from IPCC. Due to new assumed more correct underlying data of controlled burning, the
error level for biomass burning has been changed from 60 to 50 %.

7.5.1.6 N,O AND CH, EMISSIONS
Generally for all N,O and CH,4 emissions, the error in activity data is small compared to
the error due to incorrect emission factors.

For N,O emissions from N-fertilization, the error due to activity data is judged to 3 %
of the emission (the Swedish Forest Agency) and the default total error to 25%. However,

22; Statistics Sweden, 2002
233 Kasimir-Klemedtsson et al., 2000
Sund et al., 2000

234 Intergovernmental Panel on Climate Change, 2003
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a recommendation is that emission factors chosen should be within the range 0.25 % to
6 % and the interpretation is that a badly chosen emission factor could lead to an error
that is much larger than 25 %. Based on this information a total error of 50 % for N,O
emissions from N-fertilization is suggested.

The accuracy of estimates of N,O emissions from disturbance associated with land-
use conversion to Cropland is assumed lower than for N,O emissions from N-
fertilization. This because, it is assumed that the error of the activity data (AC from min-
eralization) is higher and due to a potential error from an incorrect C:N-ratio chosen. The
uncertainly level is based on this reasoning and on IPCC default values (IPCC).

Due to new assumed more correct underlying data of controlled burning, the uncer-
tainty of N,O and CH, emissions from biomass burning are changed from 100 to 75 %,
following the same reasoning as for CO, emissions from biomass burning, (Managing
uncertainties: A.1.4).

7.5.1.7 COMPLETENESS

It is assumed that all categories have been reported only once. Theoretically Sweden has
the possibility to report the pool of below-ground dead stump systems, but this has not yet
been done (optional). The cuttings have gradually increased since 1990%°; so today this
pool is probably a net sink. Harvested wood products are not reported and factoring out
has not been considered.

7.5.2 Time series consistency and verification

For the living biomass pool, the magnitude of the recalculated data is approximately the
same as for the old data but the trends in data differ a bit. The main discrepancy from
former years’ reporting could probably be explained by that the older data were based on
less sample plots with different inventory cycles. Future reporting will further improve
the data quality by introducing up to 30000 sample plots with an inventory cycle of 5
years.

25 National Board of Forestry, 2004
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Table 7.15 Annual totals and the trend in net removals/emissions of the LULUCF sector, Tables
5A-5F. Data for 2005 (submission 2007) are found inside brackets (minus=removal).

Submission 2008 (Submission 2007)

CO;, [Tgeyr] Living Dead organic Soil organic Total

Year biomass Matter Carbon
1990 -40 (-18) -1.7 (-6.0) 9.6 (20) -32 (-4.0)
1991 -41 (-30) -1.9 (-6.0) 9.4 (19) -34 (-17)
1992 -37 (-22) -2.3 (-6.0) 8.8 (19) -31 (-8.7)
1993 -35 (-28) -2.2(-6.1) 8.3 (19) -29 (-15)
1994 -35 (-41) -1.2(-6.1) 10.4 (19) -25(-28)
1995 -35 (-39) -1.6(-6.4) 10.8 (17) -26 (-29)
1996 -36 (-45) -2.3(-6.3) 8.6 (18) -30 (-33)
1997 -37 (-43) -3.9(-6.4) 6.3 (18) -35 (-32)
1998 -37 (-38) -5.0(-5.9) 5.4 (21) -36 (-23)
1999 -36 (-31) -4.2(-6.1) 5.4 (19) -35(-18)
2000 -36 (-45) -4.3(-6.2) 4.7 (18) -36(-33)
2001 -34 (-41) -4.3(-6.0) 5.8 (20) -32 (-27)
2002 -36 (-41) -4.3(-6.0) 5.2 (20) -35(-27)
2003 -33 (-35) -5.2(-6.2) 4.5 (18) -34(-23)
2004 -33 (-18) -4.7(-6.3) 5.3 (18) -32 (-5.9)
2005 -30 (-16) -4.9(-6.2) 5.4 (18) -29 (-4.3)
2006 -28 -3.2 5.4 -26

7.6 QA/QC

7.6.1 Quality assurance

The quality assurance system of the data collection within RIS used for the UNFCCC and
Kyoto reporting have been described by the Swedish University of Agricultural Sci-
ences?® and detailed description of routines are under development. These routines have
been improved during 2006 and closer cooperation concerning QA/QC will be developed
with the institutes responsible for the reporting of other sectors. SLU also works closely
with the Swedish EPA to enhance the QA/QC. For this submission, quality assurance has
been carried out in an internal review by experts at SLU. A national review has been
carried out by representatives for the Swedish Forest Agency and Swedish Board of Agri-

culture.

236 arltun, E., Stendahl, J., Léfgren, O. 2005.
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7.6.2 Quality control
An internal quality control has been performed following level Tier 1, (Table 5.5.1 in
Good Practice Guidance 2003).

For reported activity data, descriptions of definitions, description of underlying mod-
els, description of sampling design and emission factors used were studied and no errors
were found. This was also valid for descriptions of land areas, eventual transcription
errors and references. Both calculations and units of estimates were cross checked and
seem reasonable. Data from the NFI constitute official statistics of Sweden and were not
checked. All data (and methodologies used) is archived by the SLU.

7.6.3 Recalculations

The living biomass pool, land use areas and areas subject to land use transfers have been
recalculated to improve accuracy and are now based on up to 30000 instead of 18000
sample plots. The pools dead organic carbon and soil carbon have been recalculated for
the whole time series from 1990 to 2006 due to introduction of more reinventoried sam-
ple plots and specifically for Cropland on organic soils, because new data on crop distri-
bution on organic soils from 2003 became available. The reported emission from nitro-
gen fertilization of year 2002, 2004 and 2005 has been recalculated due to more accurate
underlying area-data. As a result from updating all land use areas, every N,O emission
from disturbance associated with land use conversion to Cropland have been recalculated.
Underlying data on wildfires have been corrected for some years. Most emissions from
controlled burning on Forest land have been recalculated due to more accurate data on
burning for nature conservation and for regeneration. For the first time, emissions from
mineralization when extracting peat have been reported.

7.7 Coming improvements

7.7.1 Improvements of estimated pools

Gradually the reporting of the living biomass pool, the dead wood pool, and land use will
be based on up to 30000 sample plots. This will improve the accuracy of the estimated
emissions or removals. The reporting of the soil organic pool will also be based on more
sample plots, but since the re-inventory cycle is longer and since the sample intensity for
soil data is lower than for biomass, the final sample design will be based on less than
30000 sample plots. The coarse litter pool might be monitored with a methodology simi-
lar to the one used for the below-ground dead wood (section 7.7.1). Emissions from the
litter pool is not considered for burnings and the emission factor used for controlled burn-
ing in nature reserves might lead to overestimations of the emissions. The soil carbon
pool for drained organic soils on Forest land is probably a significant source of CO,.
However, the present soil inventory methodology used does not measure this emission
satisfactorily. We are planning to introduce a country specific emission factor to be used
to estimate this source in combination with a better methodology to identify which of the
monitored plots that are actually drained. The reporting of pools will be slightly different
for the Kyoto Protocol by subdividing the pools living biomass, dead organic matter and
soil organic carbon into five sub-pools based on the current methodology. These five
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pools will match differently to land use classes. Sweden has chosen forest management
and since all forest land is assumed to be managed, this is supposed to be the most impor-
tant reporting activity. The reporting of afforestation, reforestation and deforestation is
mandatory and is also assumed important for the Swedish reporting.

7.7.2 Methodology

To increase the accuracy of estimates, all living biomass, dead organic matter and soil
organic carbon will be recalculated when all permanent sample plots have been re-
inventoried after a certain year. The same methodology is used in both cases but the accu-
racy of the latter estimates will be higher.

For reporting under the Kyoto Protocol during the commitment period 2008-2012, it
is permitted to recalculate figures until year 2014, then 100 % of the 30000 plots, 100 %,
80 %, 60 % and 40 % will be used for the reporting of years 2008, 2009, 2010, 2011 and
2012, respectively (Table 7.5 and 7.16). In theory, this will lead to unbiased estimates but
with a gradually lower accuracy of the estimates.

Table 7.16 A single sample plot will be inventoried in one of ten inventory intervals. Blue back-
ground refers to measurements and in 2014 only plots of type 1, 2, 9 and 10 have a full re-
inventoried record 2008-2012. Final re-calculated figures will be based on all sample plots for
years 2008 and 2009, on 80% of the plots 2010, on 60% of the plots 2011 and on 40% of the plots
2012.

1 2 3 4 5 6 7 8 9 10

2008 2008 2008 2008 2008 2008 2008 2008 2008 2008
2009 2009 2009 2009 2009 2009 2009 2009 2009 2009

2010 2010 2010 2010 2010 2010 2010 2010
2011 2011 2011 2011 2011 2011
2012 2012 2012 2012
2013 2013
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8 Waste (CRF sector 6)

8.1 Overview

In this sector, the most important emissions of greenhouse gases are those of CH4 from
solid waste landfills. A minor category is N,O from wastewater handling. Emissions of
CO,, NOyx, SO, and NMVOC are reported from waste incineration. For both CH4 and
N,O, the trend over the last ten years has been a constant reduction of emissions by about
30% (based on CO, equivalents). These trends can be explained by the decreasing quanti-
ties of organic waste landfill interacting with an increasing quantity of recovered CH4 and
a reduction in the quantity of nitrogen discharged from municipal wastewater treatment
plants.

8.2 Source category description
8.2.1 Solid waste disposal on land, CRF 6A

8.2.1.1 WASTE TREATMENT IN SWEDEN

Waste management in Sweden has developed over recent years. Legislation, such as the
implementation of EU directives and national tax policies in the waste management field,
has forced and encouraged investments in new technical solutions and treatment methods.

The most important change is the implementation of section 26 of the Waste Collec-
tion and Disposal Ordinance, concerning combustible waste, and section 27 of the prohi-
bition on separated combustible waste in landfills. These were implemented on January
st 2002. The section of the Ordinance prohibiting the deposition of organic waste as
landfill was implemented on January 1st 2005.

During the 1990s, the amount of deposited waste decreased significantly, due to the
implementation of waste treatment policies. This is especially notable for household
waste, which is the largest contributor of greenhouse gases of all waste categories. Only
5.0% of household waste was deposited in 2006. The remaining part was either recycled
or converted into fuel, and a smaller part was treated biologically.

In 2006 there were about 160 active landfill sites for municipal waste in Sweden. The
number of sites receiving more than 50 tonnes of waste has decreased by about 140 sites
since 1994. The 10 largest sites receive almost 50% of the total amount of waste. In 2006,
landfill gas was extracted at 70 landfills.

Depositing has become an expensive solution for the disposal of waste. Since January
1st 2000, there is taxation on depositing, currently 435 SEK per ton of waste liable to
taxation. This action is presumed to have contributed to reducing the amount of deposited
municipal waste (section 8.2.1.2). The trend is expected to continue in the future because
of actions such as the ongoing comprehensive extension of the treatment capacity of
Swedish incineration plants for household waste (with energy recovery) and the imple-
mentation of the legislation mentioned above.
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8.2.1.1.1 Biogas production and utilization

According to a survey?®’ by the Swedish Energy Agency the production of biogas in
Sweden 2005 was 1 285 GWh (or 92.2 Gg in methane) of which 36% were produced at
landfills. Biogas from landfills is mainly used for heating but also for production of elec-
tricity. None of this gas is used as vehicle fuel because of the difficulties to upgrade the
gas to sufficient quality. Ca 17% of the biogas produced at landfills was flared.

8.2.1.2 EMISSION ESTIMATES

The decrease in deposited waste quantities reduces the potential of methane emissions
from landfills. Figure 8.1 shows the methane emissions calculated by the IPCC default
model and the IPCC First Order Decay (FOD) model respectively.
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Figure 8.1. Emission of methane from Swedish landfills 1990-2006, estimated by the two IPCC method-
ologies, (Gg CHa.)

The two methods are not really comparable. According to the default model, there is a
rapid decrease that immediately follows the decrease in deposited waste. By using this
model, the annual landfill gas potential is calculated, rather than the actual gas emissions.
The FOD model, on the other hand, uses a time factor representing the delay in methane
production, which results in a slower decrease of emitted methane. The estimates of the
FOD model are used in the Swedish National GHG Inventory. In Table 8.1, the estimates
from the FOD model and the deposited amount of municipal solid waste (MSW) are pre-
sented.

=1 Swedish Energy Agency, 2007
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Table 8.1 Methane emission from Swedish landfills according to IPCC Default and FOD methods.
Deposited MSW*, Sludges and Total, 1990-2006

Year Gas emissions Gas emissions Deposited MSW* Deposited sludge  Total deposited

Default method  FOD method in 1000 tonnes ~ from wastewater  waste
Gg CHs Gg CHs handling and pulp  in 1000 tonnes
industry
in 1000 tonnes
1990 185 137 4163 1400 5563
1991 170 139 3899 1262 5161
1992 162 139 3803 1174 4977
1993 151 134 3738 1086 4824
1994 133 129 3687 860 4547
1995 122 128 3480 850 4330
1996 115 127 3265 880 4145
1997 116 126 3228 975 4203
1998 95 124 3168 700 3868
1999 96 119 3233 620 3853
2000 81 115 3133 587 3720
2001 76 113 2974 514 3488
2002 56 105 2665 341 3006
2003 34 99 2465 223 2688
2004 25 98 2267 113 2380
2005 8 92 2009 58 2067
2006 3 88 1905 39 1944

* Includes household and similar waste, park and garden waste, industry- and non-industry specific
waste, construction and demolition waste.

8.2.1.3 WASTE STATISTICS IN SWEDEN

The Swedish EPA made the first national survey in Sweden in 1980, collecting data on
deposited waste (only for household waste and similar). Statistics Sweden collected simi-
lar data in 1985, 1990 and 1994. Since 1994, Avfall Sverige — Swedish Waste Manage-
ment (former RVF) has carried out an annual survey on deposited waste. Thus, household
waste is the best documented waste category, with high quality data available since 1980.
Household waste is also the most important category for methane production in landfills.
Statistics on deposited sludge from households and park and garden waste are available
since 1990. Standard values on fractions of deposited household waste from 1970 and
1975 are also available at Avfall Sverige.

Statistics on biological waste from industry are much scarcer. There is information on
industrial waste from the 1980s but biological fractions were not specified. The official
statistics from 1993 and 1998 on waste from manufacturing do not emphasize generation
and treatment of organic waste. Dedicated studies on quantities and treatment of biologi-
cal waste from industry were carried out in 1993 and 1996 by the Swedish EPA. Accord-
ing to these studies, deposited sludge from the pulp industry has previously been the most
important organic deposited industrial waste category. This waste category is also docu-
mented by surveys, carried out regularly until 2000 by the Swedish EPA. Today the
sludge from the pulp industry is incinerated and composted.
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8.2.1.4 WASTE CATEGORIES

8.2.1.4.1 Household waste, sludge and garden waste

Table 8.2 summarizes the available statistics on household waste, sludge from waste
water treatment and garden waste. Interpolation is used for the intermediate years. Before
1990, park/garden waste and sludge from households are assumed to be directly propor-
tional to the population, with the same proportion as in 1990.

Table 8.2 Deposited household waste, sludge and garden waste (1000 tonnes).

Year Household waste Sludge from waste Garden waste
(and similar) water treatment, wet weight
1980" 1450
19852 1040
1986° 1020
19884 1080 . .
1990° 1400 900 70
1994° 1380 610 80
19957 1200 540 60
1996% 1110 470 70
1997% 1150 455 50
1998° 1020 490 45
1999 9725 490 45
2000"  869.5 345 53
2001 ' 880 330 44
2002 820 215 40
2003™ 575 155 33
2004" 380 102 0*
2005 210 58 0*
2006 226 39 o*

1) Swedish EPA, 1983. 2) Statistics Sweden, 1988; RVF. 3) RVF, 1988. 4) RVF, 1990. 5) Statistics
Sweden, 1992. 6f) RVF, 1996. 7) RVF, 1997. 8h) RVF, 1998. 9) RVF, 1999. 10) RVF, 2000. 11) RVF.
2001. 12) RVF, 2002.13) RVF, 2003. 14) RVF, 2004. 15) RVF, 2005. 16) RVF, 2006, 17) Avfall Sverige,
2007.

* Included in household waste from reference year 2004.

The composition of household waste has been investigated in many studies over the
years. Ohlsson?® presents a historic overview of Swedish investigations, the first of
which was carried out in 1977. The time series indicates a rather constant composition of
components, except the paper content, which declines during the 1990s. The chosen com-
position®® for 1990 and 1995 are presented in Table 8.3. The composition in the years
between the surveys is interpolated. It should be pointed out that this type of analysis
contains an unknown variation, and the source of error may be large. Ohlsson also shows
that different studies may differ greatly in methods and results.

igg Ohlsson, 1998 and REFORSK, 1998
Ohlsson, 1998
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In 2005, another overview of household waste composition was published.?*° Different
fractions of household waste from southern Sweden have been analysed with the same
methodology in 3 different years (1997, 2000 and 2004), see further in Table 8.3

Table 8.3 Content of Swedish household waste, %.

1990 1995 1997 2000 2004
A, Paper and textiles 33 28 23 25 18
B, Garden/park waste, and diapers 14 14 14 11 13
C, Food waste 40 40 41 39 43
D, Wood 1 1 1 1 1

8.2.1.4.2  Industrial waste

As noted above, statistics on deposited industrial waste are not divided into organic waste
categories. Therefore special studies of organic waste are considered to be the most im-
portant information sources of industrial waste categories. In 2004 a study on depositing
of organic waste was carried out on contract for the Swedish EPA.?*' The estimates have
been made with information from many different sources, such as national statistics,
screening inspections of waste content, information on capacity of energy recovery from
waste and extrapolation back in time using the industries part of Gross National Product
(GNP). The study shows that great amounts of paper and wood have been deposited in
construction and demolition waste, as well as in the category of “non specific” industrial
waste.

The first study on “specific” organic industrial waste was published in 1993;%*? the
waste groups found to generate methane in landfills are presented in Table 8.4. The most
important subgroup here is sludge from the pulp industry and the other subgroups are
mainly from the food industry. The deposited gas potentials stated in the report are based
on literature studies and rotting experiments. The gas potentials are used in the methane
calculations for 1990.

zj? RVF, 2005
242 Profu, 2004.
Swedish EPA, 1993
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Table 8.4 Organic industrial waste, early 1990s (Swedish EPA, 1993).

Waste category Produced quan-  Deposited Deposited quan- Gas potential,
tity, fraction, % tity, Mmgs CHa/yr
1000 tonnes/yr 1000 tonnes/yr
Sludge from pulp industry 1000 50 500 31.5
Carcasses 8 35 28 0.63
Waste from slaughterhouses 40 5 2 0.45
Sludge from slaughterhouses 45 8 3.6 0.28
Entrails 30 5 1.5 0.09
Manure from slaughterhouses 10 5 0.5 0.03
Draff 5.5 0.5 0.0275 0.03
Waste from sugar beet industry 100 0.5 0.5 0.02
Waste from potato industry 46 0.5 0.23 0.01
Returned bread 13 3 0.39 0.11
Mycelia waste 2 1 0.02 0.01
Scrows waste 5.5 100 5.5 0.8
Waste from fishing industry 50 0 0.5
Whey 1000 0 0 0
Tinned foods industry 53 50 26.5 1.55
Total:
Sludge from pulp industry 500 31.5
Other 43.6 4.5

Data on deposited sludge from the pulp industry is available from a survey carried out
annually from 1994 up to year 2000 by the Swedish EPA. In 2004, data on deposited
sludge from the pulp industry is taken from the Swedish Forest Industries Federation.
Data for the intermediate years have been interpolated. The reports contain detailed in-
formation on waste and waste treatment for each pulp and paper producer. Intermediate
values (1991-1993) are interpolated (Table 8.5).
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Table 8.5 Values of deposited wastewater sludge from the pulp industry, wet weight.

Year Quantity
1000 tonnes/year

1990 500"
1994 2502
1995 310°
1997 520*
1998 210°
1999 130°
2000 2427
2001 184°
2002 126°
2003 68°
2004 10,5°
2005 0"
2006 0"

1) Swedish EPA, 1993. 2) Swedish EPA, 1995. 3) Swedish EPA, 1996b. 4) Swedish EPA, 1998b. 5)
Swedish EPA, 1999. 6) Swedish EPA, 2000. 7) Swedish EPA, 2001. 8) Value interpolated no similar
survey carried out. 9)-11) Swedish Forest Industries Federation, 2005, 2006 and 2007, respectivley.

A study on organic industry-specific waste was published in 1996?*%, In accordance with
the report, the deposited waste categories are presented in Table 8.6. The gas potentials
were calculated by Sweco Viak.

Table 8.6 Organic Industrial Waste 1996.

Waste category Deposited quantity, Gas potential,
1000 tonnes/yr Mm3 CHa/yr
Waste from slaughterhouses 225 0.88
Waste from potato and vegetable industries 11.5 0.64
Total: 34 1.52

Swedish EPA, 1996

The final gas potential is used as gas potentials in the methane calculations for 1996 and
later. Using the two reports, values are interpolated between 1990 and 1996.

In addition to the gas potentials from these industries, the gas potentials for paper and
cardboard waste from industry, which is not included in the referred reports, have to be
added. Information on these gas potentials is extracted from a survey (Waste from the
manufacturing and minerals extraction industries in 1998) done by the Swedish EPA and
Statistics Sweden.?** In 1998, about 6,000 tonnes of paper and wrapping material were
deposited. This quantity is added each year to the industrial waste already noted.

iﬁ Swedish EPA, 1996
Statistics Sweden, 2000

238



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

8.2.2 Waste water handling, CRF 6B

There are 500 wastewater treatment plants in Sweden dimensioned for treating wastewa-
ter for more than 2,000 people. 95% of the wastewater is treated mechanically, chemi-
cally and bio-logically. In some larger plants, or plants with sensitive recipients, special
nitrogen treatment is performed. In Sweden, there are approximately one million people
not connected to a municipal treatment plant. Those people are instead mainly connected
to smaller plants or have a private plant with varying standards.?*> Considerable quanti-
ties of heat and bio-energy are recovered from sewage and wastewater.?*® The rest of the
methane generated in the wastewater treatment process may be insignificant®*’ because of
flaring, but is reported as NE (not estimated) in the CRF tables. The effects of leakage of
methane and nitrous oxide from the wastewater treatment processes has not been investi-
gated enough to draw any conclusions. Methane generated from landfilling of sludge
from waste water handling is reported as IE (included elsewhere) because it is included in
CRF 6A.

8.2.2.1.1 Biogas production and utilization

According to a survey?*® by the Swedish Energy Agency the production of biogas in
Sweden 2005 was 1 285 GWh (or 92.2 Gg in methane) of which 43% were produced at
wastewater treatment plants. Biogas from wastewater treatment plants is mainly for inter-
nal use but also for production of electricity, heating, vehicle fuel and for local gas distri-
bution networks. Ca 14% of the biogas produced at wastewater treatment plants was
flared.

8.2.3 Waste incineration, CRF 6C

Emissions from incineration of hazardous waste, and in later years also MSW and indus-
trial waste, from one large plant are reported in CRF 6C. Emissions from other MSW
incineration plants combusting waste for energy purposes are included in CRF 1.

8.3 Methodological issues

For the whole waste category, the methodology and time series consistency are in line
with the Good Practice Guidance.

8.3.1 Solid Waste Disposal on Land, CRF 6A

8.3.1.1 MANAGED WASTE DISPOSAL ON LAND, CRF 6A1

The method used for estimating methane emissions from municipal solid waste is the Tier
2 methodology, the IPCC First Order Decay model, with a slightly different time factor
and with some estimates on the national gas potentials. The time factor year i, is calcu-
lated as:

245 wedish EPA & SMED, 2003

;ig Ministry of the Environment, 2001.
Marklund S, Luled kommun, 2006

248 Swedish Energy Agency, 2007
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1—e™*,  i=0

, =

e _ . , where k is the generation rate constant.
et (1-e),i=1,2,.

249 that all waste is deposited on 1 July, which

This model corresponds to the assumption
is approximately equivalent to a uniformly distributed deposition.

Comparisons between the suggested IPCC gas potentials and Swedish estimates show
that the IPCC values tend to be higher, but considering the large methodological uncer-
tainties, which is the same in both cases, the difference should be within a reasonable
interval.

Historical data has been extrapolated five half-life periods back in time, which means
that, for the calculations of 1990, all deposited gas potentials since 1952 are considered.
All available historical information on national deposited quantities is used in the calcula-
tion. The quality of data on household waste is high since 1980, but data on organic in-
dustrial waste is scarce. The consequence is that many assumptions on historical depos-
ited waste quantities have been made, which have greater impact on the calculated emis-

sions in 1990 than in 2006.

8.3.1.1.1 Methane potentials

IPCC values for gas potentials are used for the different fractions of household waste, as
well as garden waste. As noted above, these values are somewhat higher than Swedish
estimates, but lie within a reasonable interval.

The IPCC gives no gas potential for deposited sludge (already treated, for example,
by rotting) from wastewater treatment. The content of Degradable Organic Carbon
(DOC) in sludge from wastewater treatment is approximately 7 percent.”*® The gas poten-
tial of the sludge is reduced by 50 % because it is treated.?®" By using formulas given in
Good Practice Guidance the gas potential can be calculated to 24 kg/tonnes of sludge.

For wastewater sludge from the pulp industry, a national value of 45 kg methane
/tonnes of waste is used.?*? Gas potentials in waste from the food industry are presented
in section 8.2.1.

8.3.1.1.2 Recovered gas

Since gas recovery can be of importance for the final emissions of methane, Good Prac-
tice Guidance recommends formulas that subtracts the recovered gas from the produced
gas. In Sweden the first plant for biogas extraction from landfills was started in 1983. The
business has increased until 2003 when gas was recovered in 72 plants. Since 2004 70 gas
plants has been in operation, but the amount of recovered gas is now constantly decreas-
ing because of the dramatic reduction of landfilling of organic waste. Information on
recovered gas (in energy units) is provided by Avfall Sverige and converted to use quanti-
ties by Statistics Sweden (Table 8.7).

ggg Statistics Sweden, 2005
251 Recounted from RVF, 1996.
Sweco Viak, 2000.

252 Swedish EPA, 1993.
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Table 8.7 Used values on recovered gas, tonnes.

Year Recovered gas
1982 0’

1983 NE ?
1990 12 0003
1991 12210°
1992 14 430°
1993 208004
1994 27500 *
1995 30 000*
1996 30000°
1997 30 000°
1998 30 000°
1999 33000°
2000 34 000°
2001 32400°
2002 35947 °
2003 36 449°
2004 30 135°
2005 29 418°
2006 24 567°

1) No gas recovery. 2) 1st plants started. 3) Swedish EPA/RVF. 4) RVF, 1996¢. 5) RVF, 1997-2006. 6)
Avfall Sverige, 2007

8.3.1.1.3 Other parameters

The Methane Correction Factor for modern Swedish landfills is equal to one unit (Table
8.8). Waste management was centralised during the 1970s. Before 1980, landfills were
smaller and presumably less compact. Information that helps establish the MCF factor
(cover material, mechanical compacting and levelling of waste) is missing. For calcula-
tions before 1980 the IPCC default value 0.6 was used. The IPCC default value 50% is
used for the methane content in landfill gas (F) (Table 8.8). The value of DOCE 0.5 have
been chosen according to IPCC methodology. The oxidation factor is estimated to be
10%, and the half-life of the methanogenesis is 7.5 years.?>

Table 8.8 Other used parameters in the methane emission calculations.

Parameter Value Motivation

MCF -1979 0.6 IPCC Default
MCF 1980 - 1 Well managed(*)
F 50 % IPCC Default
DOCF 0.5 IPCC Default
OX 10 % National(**)

t% 7.5 years National(***)

(*) Swedish EPA, 1999b, (**) Swedish EPA, 1997b, (***) Swedish EPA, 1993b.

253 Biriesson, 2000
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Until about 1975, waste burning at landfills was a common waste treatment method, but it
ceased about five years later. There is no information on the waste fraction that was
burned, except that burning was practiced at 311 of the 847 landfills in 1975.2* An as-
sumption is therefore made that before 1976 37% of all deposited household waste was
burned.

8.3.1.2 UNMANAGED WASTE DISPOSAL SITES, CRF 6A2
There are today no unmanaged landfills for municipal solid waste in use.

8.3.1.2.1 Used statistics on deposited waste
Table 8.9a-b and 8.10 shows the data used in the calculations of methane emissions from
solid waste disposal on land.

Table 8.9a Overview over used statistics on deposited waste and interpolated/extrapolated val-
ues: Solid waste.

Year Standard Fraction Fraction of Deposited Deposited Deposited Deposited  Deposited

value: deposited burned household park and organic industrial construction
Householdhouseholdhousehold waste and garden industrial waste (not  and demoli-
waste/ waste waste on  gimilar, waste, waste(**), industry tion waste,
citizen landfills 1000 ton- 1000 tonnes 1000 ton-  SPecific),  organic
(kg) R - c_)rganic frac- fraction(**),
tion(**), 1000 1000 ton-
tonnes nes
1952 290 76% 37% 992 58 56 207 63
1953 290 76% 37% 998 59 56 211 64
1954 290 76% 37% 1005 59 56 215 66
1955 290 76% 37% 1012 59 56 220 68
1956 290 76% 37% 1018 60 56 226 70
1957 290 76% 37% 1024 60 56 232 71
1958 290 76% 37% 1030 60 56 234 73
1959 290 76% 37% 1035 61 56 239 75
1960 290 76% 37% 1041 61 56 250 77
1961 290 76% 37% 1049 62 56 260 78
1962 290 76% 37% 1056 62 56 272 80
1963 290 76% 37% 1064 62 56 280 82
1964 290 76% 37% 1072 63 56 301 83
1965 290 76% 37% 1079 63 56 316 85
1966 290 76% 37% 1088 64 56 325 87
1967 290 76% 37% 1096 64 56 330 89
1968 290 76% 37% 1105 65 56 345 90

254 Swedish EPA, 1983.
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Table 8.9b Continued overview over used statistics on deposited waste and interpo-
lated/extrapolated values: Solid waste.

Year Standard Fraction Fraction of Deposited Deposited Deposited Deposited Deposited

value: deposited burned household park and organic industrial construction
Householdhouseholdhousehold  waste and garden industrial waste (not  and demoli-
waste/  waste waste on  gjmilar, waste, waste(**), industry tion waste,
citizen landfills 1000 ton- 1000 tonnes 1000 ton-  SPecific).  organic
(kg) - S c_wganic frac- fraction(**),
tion(**), 1000 1000 ton-
tonnes nes

1969 290 76% 37% 1114 65 56 349 92

1970 290 76%(*) 37% 1122 66 56 364 94

1971 290 76% 37% 1126 66 56 369 96

1972 290 76% 37% 1129 66 56 372 97

1973 290 66% 37% 984 66 56 391 99

1974 290 66% 37% 987 67 56 406 101

1975 290 66%(*)  37%(*) 990 67 56 409 103

1976 290 66% 30% 1109 67 56 452 116

1977 290 66% 22% 1229 67 56 483 131

1978 290 58% 15% 1186 67 56 517 145

1979 290 58% 7% 1292 68 56 593 162

1980 0% 1450(*) 68 56 628 177

1981 1400 68 56 632 179

1982 1300 68 56 627 182

1983 1200 68 56 551 158

1984 1100 68 56 579 161

1985 1040(*) 68 56 595 163

1986 1020(*) 68 56 602 165

1987 1050 69 56 615 168

1988 1080(*) 69 56 624 170

1989 1240 70 56 630 172

1990 1400(*) 70(*) 56 622 175

1991 1390 72 57,1 567 137

1992 1390 75 58,2 554 126

1993 1390 77 59,3 558 115

1994 1380(*) 80(*) 60,3 564 82

1995 1200(*) 60(*) 61,4 571 82

1996 1110(*) 70(*) 62,5 536 78

1997 1150(*) 50(*) 62,5 495 85

1998 1020(* 45(%) 62,5 477 73

1999 972.5(*)  45(%) 62,5 580 96

2000 869.5(*)  53(*) 62,5 473 71

2001 880(*) 44(%) 62,5 439 62

2002 820(*) 40(*) 62,5 370 45

2003 575(*) 33(*) 62,5 323 40

2004 380(%) 0(***) 62,5 321 47

2005 210(*) 0(***) 62,5 231 37

2006 226 0(***) 62,5 100 36

) Taken from statistical sources. Other values are interpolated or extrapolated.

**) Estimate.
(***)  Included in household waste from reference year 2004.
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Table 8.10 Overview over used statistics on deposited waste and interpolated/extrapolated val-
ues: Sludge, wet weight.

Year Deposited sludge from waste Deposited sludge from pulp industry,
water treatment, 1000 tonnes
1000 tonnes

1952 748 500
1953 753 500
1954 759 500
1955 764 500
1956 768 500
1957 772 500
1958 777 500
1959 781 500
1960 786 500
1961 791 500
1962 797 500
1963 803 500
1964 809 500
1965 814 500
1966 821 500
1967 827 500
1968 834 500
1969 840 500
1970 847 500
1971 849 500
1972 852 500
1973 855 500
1974 857 500
1975 860 500
1976 862 500
1977 865 500
1978 867 500
1979 869 500
1980 871 500
1981 872 500
1982 873 500
1983 874 500
1984 875 500
1985 876 500
1986 881 500
1987 885 500
1988 890 500
1989 895 500
1990 900(*) 500(*)
1991 800 462
1992 750 424
1993 700 386
1994 610(*) 250(*)
1995 540(*) 310(%)
1996 470(%) 410()
1997 455(%) 520(*)
1998 490(*) 210(*)
1999 490(%) 130(*)
2000 345(*) 242(%)
2001 330(%) 184
2002 215(%) 126.3
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Year Deposited sludge from waste Deposited sludge from pulp industry,
water treatment, 1000 tonnes
1000 tonnes

2003 155(*) 68

2004 102(*) 10.5(*%)

2005 58(*) 0(*)

2006 39(*) 0(*)

) Taken from statistical sources. Other values are interpolated or extrapolated.

8.3.1.2.2 Composition on deposited waste
Table 8.11 illustrates the estimated composition on deposited waste 1990-2005.

Table 8.11 Composition of deposited waste, percent.

Year Paper Food Plastic Glass Textile Napkins Sludge Sludge Wood Other Other
from from inert organic
waste pulp
water  industry

1990 7.1 135 2.1 0.6 0.7 1.3 16.2 9.0 0.3 34.9 14.3

1991 74 14.6 2.2 0.7 0.8 1.5 15.5 9.0 0.3 34.5 13.6

1992 75 15.4 23 0.7 0.8 1.5 15.1 8.5 0.3 34.2 13.7

1993 7.5 16.1 24 0.7 0.8 1.6 14.5 8.0 0.4 341 14.0

1994 7.7 17.2 2.6 0.8 0.9 1.7 13.4 5.5 0.4 35.8 14.2

1995 6.8 15.8 24 0.7 0.8 1.6 12.5 7.2 0.3 36.9 15.1

1996 6.3 15.9 23 0.7 0.8 1.5 11.3 9.9 0.3 36.1 14.8

1997 56 16.0 25 0.7 0.8 1.6 10.8 12.4 0.3 355 13.8

1998 54 15.6 24 0.7 0.8 1.5 12.7 54 0.3 41.0 14.2

1999 5.2 15.0 23 0.7 0.8 1.5 12.7 34 0.3 40.7 17.5

2000 5.4 13.5 25 0.8 0.7 1.2 9.3 6.5 0.2 45.5 14.6

2001 5.8 14.2 27 0.8 0.8 1.2 9.5 5.3 0.2 452 14.4

2002 6.3 15.5 29 0.9 0.9 1.3 7.2 42 0.2 46.9 13.8

2003 5.0 13.0 23 0.7 0.7 1.1 5.8 2.5 0.1 55.4 13.5

2004 2.8 10.4 1.8 0.4 0.4 0.9 4.3 0.4 0.1 63.1 15.5

2005 1.9 7.8 1.2 0.2 0.2 0.6 2.8 0 0.1 72.2 13.0

2006 2.2 8.7 1.3 0.3 0.3 0.6 2.0 0 0.1 77.5 7.0

8.3.2 Waste water handling, CRF 6B

National activity data on nitrogen in discharged wastewater is used, in combination with a
model estimating nitrogen in human sewage from people not connected to municipal
wastewater treatment plants. The formula to calculate the emissions is:

+ Nty + PROTEIN * Nr,, *0.16)* EF * 44/ 28

(N WastewaterTreatmentPlants Industry
where NWastewaterTreatmentPlants and NIndustry are the nitrogen in discharged waste-
water from municipal wastewater treatment plants and other industries respectively,
where the former factor is magnified by 10%, in order to compensate for wastewater from
small treatment plants, not included in the statistics. PROTEIN is the annual per capita
consumption per person/year (National value: 32.85%>°), NrPeople is the number of peo-
ple not connected to municipal wastewater treatment plants, and 0.16 is the fraction of

nitrogen in proteins. The IPCC default emission factor, 1% N,O-N/N, is used.

255 National Food Administration, 2002
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Table 8.12 Discharges of nitrogen from municiz%gl wastewater treatment plants, pulp and paper
industry and some coastal industries, tonnes.

Year  Municipal waste- Pulpand Oils refin- Chemical Ironand Food Engineering
water-treatment paper eries industry steel manufac- industry
plants (*) industry industry  turing

industry

1990 26 200 5500

1992 25310 3630

1994 . 3200 . . . .

1995 25940 3844 80 385 70 0

1997 . 3433 . . . . .

1998 21376 3307 78 423 230 1 0

1999 . 3042 . . . .

2000 18977 3241 38 361 114 109

2001 .. 3014 . . . .

2002 18036 3169 68 268 72 3

2003 .. 3162

2004 17779 3039

2005 .. 3222

2006 .. 3200

(*) From treatment of domestic, commercial and industrial waste water.

According to Swedish environmental protection law, all municipal wastewater treatment
plants designed for more than 2,000 person equivalents, including industry, need to report
their discharges in legal environmental reports delivered to their supervision agency.
Statistics are published every other year by the Swedish EPA.%’ The statistics exclude
municipal wastewater treatment plants designed for fewer than 2,000 person equivalents.
These were surveyed in 1999, and were found to represent about 6 % of the total dis-
charged nitrogen, which is compensated for using a “1.1 factor” in the above formula.
The statistics also exclude almost 1 million people in rural areas, who are not connected
to municipal wastewater treatment. However, the nitrogen from these people is accounted
for in the formula as well, through the model estimate of nitrogen production. The avail-
able activity data on nitrogen in discharged wastewater is presented in Table 8.12. Data
for other years are interpolated/extrapolated.

8.3.3 Waste incineration, CRF 6C

Emissions from incineration of hazardous waste, and in later years also MSW and indus-
trial waste, from one large plant are reported in CRF 6C. Reported emissions are for the
whole time series obtained from the facility’s Environmental report or directly from the
facility on request. CO,, SO, and NOx are measured continuously in the fumes at the
plant. In 2003 capacity was increased substantially at the plant by taking one new incin-
erator into operation. The new incinerator incinerates a mixture of MSW, industrial waste
and hazardous waste. As a consequence of increased capacity, the emissions from 2003
are increased compared to earlier years. Only a minor part (less than 0.5%) of the total

256 MI 22 SM, Swedish EPA and SMED, NV 4657, NV 4434, NV 4657, NV 4924, NV 4987, NV 5114, Swedish
gg{est Industries Federation.
Statistics Sweden, MI 22 SM, Swedish EPA and SMED.
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amount of MSW incinerated for energy purposes in Sweden are incinerated in the facility
included in 6C. All other emissions from incineration of MSW are reported in CRF 1.
Emissions reported are CO,, NOx, SO, and NMVOC. The CO, emission of biogenic
origin of the MSW fraction of the waste, has since 2003 (when the incineration capacity
increased dramatically, in order to treat MSW) been estimated using published informa-
tion?*®
CH, and N,O have been performed. The CH, measurement showed very low or non-
detectable amounts. CHy is therefore reported as NE in the CRF tables. For N,O the occa-
sional measurements showed levels giving emissions in the approximate order of 0.2 Mg

N,O/year. N,O is reported as NE in the CRF-tables.

. According to information from the facility, occasional measurements concerning

8.4 Uncertainties and time series consistency

The uncertainty analysis table (Tier 1) are presented in Annex 2 and a general description
of the uncertainty analysis is presented in section 1.7.

Because of the simplifications in the used top-down model and the difficulties in es-
timating many of the parameters, the estimated emissions in the waste sector are uncer-
tain. The time dependency in methane production makes the model estimate further de-
pendent on assumptions of waste management from earlier years. The uncertainty is
highest in 1990 and then decreases, mainly due to better and more frequent activity data
on household waste during the 1990s.

IPCC Guidelines suggest that the error in estimated methane generation potential may
be about 15% given high quality data and 50% given poor data on methane generation,
per ton of waste. The uncertainty in statistics on deposited waste may be 10%, if the
waste is weighted, or more than 200% if the data quality is poor. The errors in estimated
methane recovery will probably be small, according to the Good Practice Guidance.
Given these standard uncertainty ranges and applying the simple error propagation for-
mula, a total error of estimated methane emissions of about 20% would be achievable, in
the best case, given high quality data. According to Good Practice Guidance there is some
extra uncertainty in the methane generation rate constant [-40%, 300%], and in the oxi-
dation factor, if oxidation is assumed. An assessment of the confidence interval for the
Swedish methane estimate from landfills would be around 50-60% for 2006 Swedish
waste statistics on household waste, in particular, are now of high quality, but the esti-
mates are still dependent on lower quality data and extrapolations from earlier years.
Furthermore, statistics on different waste fractions in household waste, and especially
industrial waste, are still of lower quality. The quality of parameters based on IPCC de-
fault values may also be low, since they rely on older research, and data from Swedish
on-site measurements is not yet extensive enough for verification.

The statistics of discharges from municipal wastewater treatment plants are biased
from sources of inaccuracy such as under coverage, non-response or no observations and
sample errors “within” the treatment plants. No objective methods of calculating accuracy
measures have been developed, but data on nitrogen is considered to have a margin of

258 1116 Swedish Association of Waste Management. RVF rapport 2003:12 (in Swedish). Férbrénning av avfall
Utslapp av vaxthusgaser jamfért med annan avfallsbehandling och annan energiproduktion.
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inaccuracy of well under 10% at national level. The inaccuracy in the emission factor is
estimated to be at least 50%, according to Good Practice Guidance. This results in an
overall inaccuracy exceeding 50% annually, and more for years where activity data have
been extrapolated.

The time series in the waste sector are calculated consistently, and when statistics are
not produced annually, interpolation and extrapolation have been necessary tools for
imputation.

8.5 QA/QC and verification

8.5.1 Quality Assurance and Quality Control

All quality procedures according to the Swedish QA/QC plan (Manual for SMED:s Qual-
ity System in the Air Emission Inventories) have been implemented during the work with
this submission.

8.5.2 Verification of data and reducing compiling errors

Statistics Sweden and the IVL has on behalf of the Swedish EPA scrutinized the activity

data (quantities of deposited; household waste, park and garden waste, sludge from waste
water treatment) used for calculations. The accuracy in these activity data is judged to be
good.

8.6 Recalculations

In submission 2008 the following recalculations were performed:

8.6.1 CRFG6B
o Discharges of nitrogen from pulp and paper industry was revised for the year
2005 resulting in 0,7% higher emissions of N,O for CRF 6 Waste (or 5,6%
higher emissions of N,O for CRF 6B1 Industrial wastewater).

8.6.2 CRF6C
e The CO, emissions were separately reported respecting the origin of the
incinerated waste.
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8.7 Coming improvements

No improvements are planned in this sector for submission 2009.

249



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

9 Other sectors

Not applicable in Sweden.
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10 Recalculations and improvements

This chapter corresponds to changes compared to the NIR 2007. An additional section
(10.3) describes the changes made to update the LULUCF-sector according to the error
detected for the Living biomass pool.

The explanations and justifications for recalculations included in this submission and
performed since the submission April 15, 2007 are given in the sector chapters together
with descriptions on the implications for the emission levels, refer to:

Energy Section 3.6
Industrial processes,

Mineral Production, Section 4.2.3
Chemical industry Section 4.3.3
Metal Production Section 4.4.3
Other Production Section 4.5.3
Solvents and other products use Section 5.1.5
Agriculture Section 6.6
LULUCF Section 7.6.3
Waste Section 8.6

Since the last submission, recalculations of GHG emissions for several years have been
carried out throughout the inventory (Table 10.1). The recalculations are due to com-
ments in the ongoing progress to make the inventory be fully in line with the IPCC Good
Practice Guidance and implement recommendations from the review teams. The recalcu-
lations include new methods, emission factors, thermal values and activity data. Some
recalculations are due to discovered errors in earlier inventories during the work with the
present inventory.

Table 10.1 Recalculations of GHG emissions between submission 2008 and submission 2007 by
CRF sector.

Year Recalculations (Gg CO; eq.)

CRF 1 CRF 2 CRF 3 CRF 4 CRF 5 CRF 6
1990 -122.06 -63.29 - 37.93 -28514,29 -
1991 - -52.42 0.03 28.27 -17019,00 -
1992 - -83.61 -0.05 12.31 -22290,24 -
1993 - -59.80 -0.05 7.06 -13738,06 -
1994 - -37.06 -0.01 3.46 2636,68 -
1995 - -45.88 -0.07 -1.12 2709,42 -
1996 - -40.94 -0.05 -7.14 3087,65 -
1997 - -36.82 -0.03 -9.75 -3040,38 -
1998 - -32.56 -0.07 -13.24 -13326,04 -
1999 - -27.40 -0.06 -11.14 -17144,63 -
2000 - -17.45 -0.05 -13.52 -2872,79 -
2001 - -15.64 -0.03 -13.10 -5421,25 -
2002 -0.14 -15.68 -0.21 -14.62 -7658,59 -
2003 -0.15 -10.73 5.08 -10.63 -11287,70 -
2004 7.33 -9.56 0.90 -11.01 -26592,28 -
2005 -3.71 -34.80 -7.36 -10.03 -25226,62 0.95
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10.1 Implications on emission trends

The total emissions of GHG have changed in all years due to recalculations in the inven-
tory. Below a more specific description of implications for each GHG due to recalcula-
tions will be discussed.

10.1.1 CO,
Emissions of CO, are recalculated for all years either in the Energy or the Industrial proc-
esses sector. The largest annual implication occurs in 1990 and is due to a correction of a
double counting of emissions in CRF 1A2a Iron and Steel. In 2005 emissions of CO, are
reduced mainly due to updated emission data provided by one company in CRF 2C Metal
Production.

Several other minor recalculations of CO, are included in the inventory 1990-2005.

10.1.2 CH,4

Emissions of CHy are recalculated all years 1990-2005. The largest implications on emis-
sion levels stem from the revised CH4 emission factors for beef cows and reindeer in the
Agriculture sector, CRF 4A Enteric Fermentation. The revisions result in increased emis-
sions in 1990 and reduced emissions in 2005 due to the shift in annual composition of the
underlying activity data in the sector.

10.1.3 N,O

There is a slight reduction of N,O emissions in 1990 due to a correction of a double
counting of emissions in CRF 1A2a Iron and Steel. In 2005 emissions of N,O are reduced
mainly due to updated data on use of N,O in CRF 3D4 Other Use of N,O.

10.2 Recalculations and other changes made in
response to the review process

During 2007, Sweden was visited by an expert review team and several comments and
recommendations from the team lead to revisions of the inventory data. In the following
sections the recalculations and other changes in data and in the NIR made in response to
the review process are described briefly.

10.2.1 General
No general improvements made based on recommendations from the ERT.

10.2.2 Energy
e Double counting of emissions in CRF 1A2a Iron and Steel is deleted.
e Transformation losses are reallocated from CRF 1A2a to CRF 1A5a to en-
able better comparison of IEF for solid fuels with other countries.
e Reference approach has been overhauled and where needed activity data
are updated. Explanations to the remaining differences between reference
and sectoral approach are identified and described in the NIR.
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e More information on the model for estimating domestic and international
LTO/Cruise emissions 1990-1994 is provided in the NIR.

10.2.3 Industrial processes
e The whole time series for CF, and C,Fs from primary aluminium produc-
tion has been recalculated to achieve complete agreement with the Tier 2
calculation method described in IPCC Good Practice Guidance.
e Information on CaO content in clinker in CRF 2A1 is provided in the NIR
to be in line with the IPCC Good Practice Guidance.

10.2.4 Solvents and other products use
No improvements made based on recommendations from the ERT.

10.2.5 Agriculture

Emission factors for CH, for beef cows and reindeer are revised for the whole time
series 1990-2005 to be more in line with the IPCC default values and the best cur-
rent knowledge on regional circumstances.

10.2.6 LULUCF
e Emissions from mineralization in connection to peat extraction are now
reported.

10.2.7 Waste

e More information on the utilization of gas recovery has been provided for
solid waste disposal on land (CRF 6A) as well as for waste water handling
(CRF 6B) in NIR.

e The notation key “IE” (included elsewhere) has been changed to “NE”
(not estimated) for CH4 emissions from wastewater treatment. The nota-
tion key for sludge from domestic and industrial organic wastewater
treatment plants is continued to be reported as “IE” (included elsewhere),
since the sludge is landfilled and therefore included under SWDS (CRF
6A).

10.3 Recalculation of the LULUCF-sector

An error was detected in the data for the LULUCF-sector. Therefore this updated report
has been compiled. Recalculations have mainly been made for the living biomass pool
but since the carbon pools and the land-use categories are connected through the land-
data base also changes have been made in other carbon pools.
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Annex 1
Methodology for analysis of Key
Categories

The complete analysis of Sweden’s key categories excluding LULUCEF is presented in
Appendix 19B together with key categories including LULUCF. The resulting key cate-
gories are summarized in Appendix 19A and their results are discussed in section 1.5.

The analysis has been made for all years using the tier 1 level and trend assessment
according to the IPCC Good Practice Guidance for the LULUCF sector section 5.4 and
IPCC Good Practice Guidance section 7.2. The tier 1 method assesses the impacts of
various source/sink categories on the level and the trend of the national emission inven-
tory. The aggregation level of sources without the LULUCEF sector is in line with the
aggregation found in reported CRF-tables (CRF 1, 2, 3, 4 and 6). This enables us to dis-
tinguish between, for example, stationary combustion in different sectors, which is impor-
tant for the national analysis of greenhouse gas emissions. The aggregation level of
sinks/sources for the LULUCEF sector is made per land use category and reported green-
house gas.

The identification is done in two steps, where key categories are first identified ex-
cluding LULUCEF. Key categories are aggregated sources that together contribute with
either 95% of the level or 95% of the overall trend of all greenhouse gas emissions in
Sweden. Thereafter, still with the 95% thresholds, the same procedures are performed but
including the LULUCEF sector. Any new key category identified from the LULUCEF sector
will be added as key category to the original key source categories.

The analysis is performed for all direct greenhouse gases, i.e. CO,, CH4, N,O, HFCs,
PFCs and SF,, with all emissions converted to CO, equivalents. This is done by multiply-
ing emissions for each greenhouse gas with the corresponding GWP-value (GWP-values
are presented in Appendix 17).

Level assessment

For each source/sink and each GHG each year, the estimates of emissions/removals (E) in
the national inventory in CO, equivalents are listed. At the bottom of the table the total of
absolute values of all emissions/removals of GHG are summed (T). An absolute value is
indicated by a star (*).

For each source/sink and each GHG, the level assessment (LA) is calculated as:

The table is then sorted according to level assessments for all sources/sinks so that the
source/sink per GHG with the biggest contribution (level assessment) will end up at the
top of the table and the source/sink per GHG with the smallest contribution (level as-
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sessment) will end up at the bottom of the table. Finally the cumulative total of the level
assessment is calculated.

Key categories are those that, when summed together in descending order of magnitude,
add up to over 95% of the total emission estimates in the inventory for each year.

Trend assessment

For each year (year t), source and GHG, the source/sink category trend is calculated as:

E —FE
Trendsaurce/sin k = : 220
Et
The total trend is calculated as:
T-T
Trend,,, = —">
T,

Then the source/sink category trend assessment (TA) for each source/sink per GHG is
calculated as:

TA" = LA™ *|Trend —Trend

source/sink total

At the end of the table, the sum of trend assessments (3> TA ) for all sources/sinks per
GHGs is computed.

Then the percentage contribution to the overall trend (C%) is calculated for each
source/sink per GHG as

%

TA

> 14

The table is sorted according to percentage contribution so that the source/sink per GHG
with the biggest contribution to the overall trend will be in the top of the table and the
source/sink per GHG with the smallest contribution to the overall trend will be at the
bottom of the table.

Finally the cumulative total of percentage contribution is calculated in the same way

C% =

as for the level assessment. Key source categories are those that, when summed together
in descending order of magnitude, add up to more than 95% of the contribution to trend.
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Annex 2
Methodology for Uncertainty analysis

Design of the 2005 study for improved structures
for uncertainty analysis

During 2005, a SMED study was carried out, aiming at improving the transparency and
quality in the uncertainty estimates in the Swedish National Greenhouse Gas Inventory by
making the underlying documentation and structures for uncertainty estimates more con-
sistent and traceable®. That facilitated easier replication and updating of results as well
as enabling internal and external reviews of assigned uncertainties. The study did not
include improvement of single uncertainties, for instance by contacting external experts
for better information on uncertainties on different sources. LULUCF was not included in
the study.

Uncertainty estimates are performed for the base year 1990 and 2006 for direct
greenhouse gases, e¢.g. CO,, CHy, N,O and F-gases. To simplify the methodology, there
have not been any adjustments for correlation between gases, even though many of them
have the same activity data and therefore are correlated.

Data in the inventory has been divided into seven sectors according to how the inven-
tory work is organized (stationary combustion, mobile combustion, CO, from industrial
processes, emissions of F-gases, other emissions from industrial processes and solvent
and other products use, agriculture and, finally, waste). Work with uncertainty estimates
is performed in one Excel file with one spreadsheet for each seven sectors. Every sector
has, by those in the inventory staff with the most expertise on each sector, been divided
into sources, according to where independencies between sources were assumed to exist.
Each source was evaluated regarding un-certainties (%) on activity data (AD), emission
factors (EF) or direct emissions (EM).

Expert protocols

All assigned uncertainties (%) have been documented in Swedish in Expert Protocols as
given in figure Al.

259 Gustafsson, 2005
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Reference number: 1 External review by: NN, 200x-xx-xx
Date: 2005-04-28 Result of external review: approved/not approved
Expert: NN (references to other material if necessary)
Kvalifications: eg working several years with this sector of the GHG inventory Approved by SEPA: NN, 200x-xx-xx
Documented by: NN (expert or other person) Responsible authority according to Name of authority

National system:
Estimated uncertainties:

Activity Emission probability Foot-

Year CRF Activity data factor Emissions  most likely value  minimum® maximum?® distribution® note
2004 1A1a domestic heating oil m3 according to indata -2% 2% normal 1
2004 1A1a domestic heating oil CO2 73,5 70 76 triangular 2
2004 1 Petroleum coke tonne X

" limits for 95% konfidence interval, that is 2,5% risk that the true value is below minimum and 2,5% risk that the true value is above maximum.
2 probability distribution is unknown the following applies:
if only minimum and maximum is given, assume a uniform distribution. If also a most likely value is given, assume a triangular distribution.

Basis for expert judgement including logic and scientifical reasons and references to other relevant material:

1)
2)

X)

Figure A1. Design of Expert protocols
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In the protocols, specially designed to be in compliance with the recommendations in the
IPCC Good Practice Guidance chapter 6.2.5 (IPCC 2000), information is provided on
what uncertainties are estimated (what CRF codes concerned, what years, what type of
AD, EF or EM etc), the value or range of the estimated uncertainty, explanations on the
reasons behind the given values, name and qualification of the expert etc. All expert pro-
tocols are given a reference number and gathered in one Excel file. All in all, there are
about thirty expert protocols documenting uncertainties in the Swedish GHG Inventory of
submission 2007. This transparent documentation will enable replicating of results and
facilitate updating of uncertainties when something in the inventory changes in the future.

Estimating uncertainties for each source

When estimating uncertainties for each source, a wide range of information has been
used. IPCC recommendations have been studies as well as fluctuations in time series,
comparison with other sources, studies of statistical differences and studies of reports that
are the basis for instance many emission factors. Below some comments are given on
how the work was conducted for each sector.

CRF 1. Stationary combustion

Activity data on fuel consumption has been assumed to be uncorrelated between CRF
sectors. Uncertainties for activity data are estimated for each year, fuel type and CRF
sector. Uncertainties for emission factors are estimated for each greenhouse gas, year,
fuel type and CRF sector.

Several expert elicitations have been performed, with SMED reports and information
from the IPCC as the main basis for the expert judgements. In some cases no referenced
information was available, and in those cases very rough expert judgements had to be
made.

CRF 1. Mobile combustion

Activity data on fuel consumption are based on national statistics on fuel deliveries. Cor-
relation therefore exists between the different CRF sectors when the fuel is allocated.
Uncertainties for activity data are estimated on an aggregated level for each year and fuel
type.

Uncertainties for emission factors of CO, are estimated by fuel type, whereas uncer-
tainties for emission factors for CH, and N,O are estimated by fuel type and CRF sector,
e.g. CH,4 for gasoline in CRF 1A3e 1990.

Uncertainties on actual emissions have been estimated for emissions of CH, and N,O
from road traffic, CRF 1A3b.

Uncertainty estimates are mostly based on SMED reports and expert judgement, but
in a few cases IPCC and CORINAIR default recommendations have been applied. Uncer-
tainty estimates for activity data, emission factors and actual emissions for mobile com-
bustion sources are set to be the same 1990 as 2005.
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CRF 2. Industrial processes, CO;

EF are based on IPCC defaults and EF and/or information on emissions direct from the
companies. Generally 5 % have been assigned when no other indications or relevant in-
formation effecting the uncertainty have been available.

CRF 2. Industrial processes, F-gases

Activity data for most sources in 2F1, refrigeration and air conditioning equipment, is
based on national statistics. Uncertainty was assigned in cooperation with the Swedish
Chemicals Inspectorate. Other activity data is obtained directly from producers or con-
sumers, and uncertainty was discussed with relevant persons, if possible. Emission factors
are [PCC default, country specific, obtained from producers/consumers or in discussion
with national experts. Uncertainty estimates are to a large extent based on expert judge-
ment.

CRF 2. Industrial processes, CH; and N,O

For nitric acid production, uncertainty estimates was obtained from producers. For other
sources, expert judgement or suggested uncertainties from IPCC Guidelines and Good
Practice Guidance were used, if available. In estimating uncertainties by expert judge-
ment for some sources, Environmental reports from comparable facilities were used as a
basis for estimating reasonable uncertainty levels.

CRF 3. Solvent use

Activity data are obtained from national statistics at the Swedish Chemicals Inspectorate.
Un-certainty estimates were discussed and assigned in cooperation with experts at the
Products register at the Swedish Chemicals Inspectorate. Uncertainty estimates for the
country specific emission factors used were estimated by expert judgement.

CRF 4. Agriculture

Uncertainty estimates are generally collected from the same source as emission estimates,
for instance IPCC or nationally referenced data. When no uncertainty estimates were
available, estimates from similar statistics were used instead. When neither uncertainty
estimates nor any similar statistics were available, very rough expert judgements had to
be made. Uncertainty estimates are assigned on an aggregated level very similar to the
one presented in the NIR.

CRF 6. Waste

Uncertainty estimates are collected from I[PCC (for emission factors) and IPCC combined
with expert judgment (for activity data). Uncertainty estimates are assigned on the same
aggregated level as presented in the NIR, which is per CRF sector (e.g. 6A Solid waste).

Updating uncertainties for each sector

Figure A2 gives an example on how input data is given for estimating uncertainties for a
single sector.
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Figure A2. Example of design of sectoral uncertainty estimates; CRF 2. Industrial Processes — CO..

Emission Emission
Emission Emission | Activity data factor data Expert
IPCC Activity Emissions of| Activity data factor data uncertainty | uncertainty | uncertainty | judgement | Footnote
source Activity data Emissions CO2, uncertainty | uncertainty | uncertainty quality quality quality reference | reference

Year | category Source Emission Activity data data unit| value | of CO2, Gg | Gg CO2 eq % % indicator indicator indicator number number
1990|2A1 Cement production CO2 Clinker prod. kton 2348| 1271,95] 1271,95 5 11
1990|2A2 Lime production CO2 Lime prod. kton 923 497 96 497 96 5 11 5

Limestone- and Limestone- and
1990|2A3 dolomite use CO2 dolomite use kton 234 109,43 109,43 11
1990|2A4 Soda Ash use CO2 |Soda Ash use kton 95 39,56 39,56 11

Leca production, (use

1990|2A7 Other mineral use CO2 |of slagg) kton 58 3,36 11
1990|2B4 Carbide production (Ca) |CO2  [Carbide production (Ca)|kton 55 68,80 11

Iron and steel
1990/2C11 production CO2 |Steel production kton 1819 129,23 11

Iron and steel
1990|2C12 production Cc0O2 Iron production kton 2845 1666,91 1666,91 11
1990]|2C2 Ferroalloys production [CO2 Reducing agents kton 77 243,00 11
1990]2C3 Aluminium production |CO2 Al. Production kton 93 133,12 11
1990]|2C5 Other metal production |CO2 Pb and Zn production |kton 70 203,84 11
2004]2A1 Cement production CO2 Clinker prod. kton 2386] 1284,43| 1284,43 11
2004]2A2 Lime production CO2 Lime prod. kton 1039 537,25 11 5

Limestone- and Limestone- and
2004|2A3 dolomite use CO2 dolomite use kton 307 141,46 11
2004|2A4 Soda Ash use CO2 Soda Ash use kton 72,96 30,30 11

Leca production, (use

2004|2A7 Other mineral use CO2 |of slagg) kton 140 7,65 11
2004]2B4 Carbide production (Ca) |CO2 Carbide production (Ca)|kton 43 53,38 11

Iron and steel
2004]2C11 production CO2 |Steel production kton 1872 143,77 11

Iron and steel
2004)2C12 production CO2 Iron production kton 3992| 1654,46] 1654,46 11
2004]|2C2 Ferroalloys production [CO2 Reducing agents kton 99,50 256,40 11
2004]2C3 Aluminium production |CO2 Al. Production kton 101 145,29 11
2004|2C5 Other metal production |CO2 Pb and Zn production |kton 62 166,05 11
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In the sectoral spreadsheets, there is one row for each source, responding to where inde-
pendency between sources is assumed to exist. For each source, emissions may be de-
rived either from activity data and emission factors or information on actual emission data
from companies or models.

The first section (green colour) includes information on reference year, IPCC source
category, GHG, description of activity data (if relevant), quantified activity data and
emissions. The “green” data should be updated each submission.

The second section (yellow colour) includes information on uncertainty estimates for
activity data and emission factors, and emission data in those cases only estimated emis-
sions are available. As required by the IPCC Good Practice Guidance, quality indicators
are given for activity data and each GHG Emission factor (D - IPCC default, M - Meas-
urement based, R - National referenced data). The expert judgement reference number(s)
refer to what expert protocol(s) are used for this source. The footnote reference number(s)
refer to additional information in a footnote spreadsheet, for instance if a choice has been
made between two different expert protocols concerning the same source and the ration-
ale behind the choice. The “yellow” data should be overhauled each submission, to make
sure that they are correctly linked to the corresponding “green” data. “Yellow” data are
updated when better information is available, for instance if new studies on emission
factors have been conducted and thus it has been possible to fill in better expert protocols.

Combining and aggregating uncertainties for all
sectors

The uncertainty analysis is then performed according the IPCC Guidelines Tier 1 method
as described in Good Practice Guidance section 6.3.2, see especially table 6.1. Emissions
in CO,-equivalents (E) from all sources and all greenhouse gases are summarized into
total national emissions (T).

For each source, the uncertainty for activity data (Uap) and emission factors (Ugg) is
estimated and given in percents. The combined uncertainty (CU) for activity data and
emission factors — the uncertainty for the reported emissions from each source — is calcu-
lated as:

2 2

CU=4\U,, +Ug.

In some cases, uncertainties for direct emissions (Ugy) are used instead of uncertainties
for activity data and emission factors. In those cases the combined uncertainty is equal to
the uncertainty for the direct emissions:

CU=U,,

Uncertainties are as far as possible presented on the same aggregation level as the Key
Source analysis. The purpose is to facilitate combined use of the two analyses, since both
aim at showing what parts of the inventory are especially important and/or weak. This is
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very important information when planning future inventories and, above all, using and
evaluating the inventory results.

In order to estimate the uncertainty for the emissions of aggregated sources, the un-
certainty contribution®® for activity data (AU p), emission factors (AUgr) and direct
emissions (AUgy) respectively is calculated, using the following formulas:

v AXEn U] V2 (Ee * U )

AU .. =
ZEAD o ZEEF

VS By * Uy )
ZEEM

Where E in this case represents the emission value of the aggregated source. Since each
aggregated source is composed of several single sources, for some aggregated sources,
estimates will be derived from both AD*EF and EM respectively. In these cases, values
for Uap, Ugr and Ugy; will be shown in the resulting table. The combined uncertainty for
aggregated sources is calculated as

AUEM =

CU AD EF — \/AU AD2 + AUEF2

cU _ \/(CUAD,EF * EAD,EF )2 + (A U g * Epy )2
AD EF [EM z (EAD,EF YE,, )

Combined uncertainty as % of total national emissions for all gases (CU%) is calculated
for each source as:

cu=CUE

260 An uncertainty contribution in e.g. activity data should be interpreted as the percentage error in the emis-

sion, given that no errors exist in the emission factors. Note that the sum of the percentage uncertainty in activ-
ity data and emission factors will be higher than the uncertainty in emissions of the aggregated sources.
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Finally, the percentage uncertainty contribution in the total national emissions (U%) for
each greenhouse gas and the percentage uncertainty for all greenhouse gases together are
calculated as:

U%eys = | D CU%’

U% o, = Z:CU%2 CH4
Cco2
U% = CYJ(%)2 U%ngaxes = Z CU%2
N20 1;7 F—gases

Uy = [, CU%’

CH4

Please note that with this method, the percentage uncertainty in total national emissions
will be lower than the sum of the percentage uncertainty contribution in total national
emissions for each greenhouse gas.

The equations AU4p, AUgr and AUgy can be used for estimating the uncertainty con-
tributions for AD, EF, and EM respectively on the uncertainty of total national emissions
for all gases. Results show that in 2006 EF has the largest contribution of uncertainty,
+5.7% , whereas AD and EM account for smaller contributions, £1.9 % and £0.1 %,
respectively. In 1990, the contribution of uncertainties were as follows: EF: +5.8 %,
AD: £2.8% and EM: £0.1%.
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Results

Table Al. Tier 1 uncertainty assessment for national total emissions of CO; equivalents in 2006
without ad-justment for correlation between gases.

CRF IPCC category GHGEmissionsActivity ~ Emission Emission Combined Combined
2006 data factor data uncertaintyuncer-
uncertaintyuncertaintyuncertainty tainty as
% of total
national
emissions
in 2006
GgCO; % % % % %
eq
1A1aPublic electricity and Heat CO; 8125 1 7 8 0.92
production
1A1bPetroleum Refining CO; 2373 8 4 9 0.32
1A1cManufacture of Solid Fuels CO» 368 4 14 15 0.08
and Other Energy Industries
1A2alron and Steel CO; 1218 3 4 5 0.09
1A2bNon-Ferrous Metals CO; 92 2 2 3 0.00
1A2cChemicals CO, 1628 6 55 56 1.36
1A2dPulp, Paper and Print CO; 2 069 2 1 2 0.06
1A2eFood Processing, Beverages CO, 638 3 2 3 0.03
and Tobacco
1A2f Other Manufacturing Indus- CO, 3342 7 4 8 0.39
tries and Construction, sta-
tionary
1A Mobile combustion CO, 24007 3 2 4 1.32
1A4aCommercial/lnstitutional CO, 473 16 1 15 0.1
1A4bResidential, Stationary CO; 1339 18 1 18 0.37
1A4cAgriculture/Forestry/Fisheries,CO, 446 16 1 16 0.11
Stationary
1B1 Solid fuels CO, 579 36 14 38 0.33
1B2 Oil and Natural Gas CO, 166 15 33 37 0.09
2A  Mineral Products CO; 2275 1 4 7 4 0.13
2B Chemical Industry CO; 48 5 5 7 0.01
2C Metal Production CO; 2088 5 5 3 5 0.15
3  Solvent and other product CO, 167 15 20 25 0.06
use
6C Waste Incineration CO; 71 5 5 0.01
Total CO, 51515 2.27
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Table Al cont. Tier 1 uncertainty assessment for national total emissions of CO; equivalents in
2006 without adjustment for correlation between gases.

CRF IPCC category

GHGEmissionsActivity

2006 data

Emission Emission Combined Combined
data uncertaintyuncer-

factor

uncertaintyuncertaintyuncertainty tainty as
% of total
national
emissions
in 2006
GgCO2 % % % % %
€q
1A1aPublic electricity and Heat CH4 73 2 32 33 0.04
production
1A1bPetroleum Refining CH,4 1 8 75 76 0.00
1A1cManufacture of Solid Fuels CH,4 0 4 16 17 0.00
and Other Energy Industries
1A2alron and Steel CH4 1 3 18 18 0.00
1A2bNon-Ferrous Metals CH4 0 2 13 14 0.00
1A2cChemicals CH,4 1 5 50 50 0.00
1A2dPulp, Paper and Print CHg4 28 2 38 38 0.02
1A2eFood Processing, Beverages CH4 1 3 33 33 0.00
and Tobacco
1A2f Other Manufacturing Indus- CH,4 17 9 90 90 0.02
tries and Construction, sta-
tionary
1A Mobile combustion CH4 49 3 105 39 45 0.03
1A4aCommercial/lnstitutional CH4 6 10 95 97 0.01
1A4bResidential, Stationary CH,4 210 10 100 100 0.32
1A4cAgriculture/Forestry/Fisheries,CH,4 1 9 78 78 0.00
Stationary
1B1 Solid fuels CH,4 0 31 13 34 0.00
1B2 QOil and Natural Gas CH, 5 15 73 400 396 0.03
2B Chemical Industry CH4 1 100 100 0.00
2C Metal Production CH4 0 5 20 21 0.00
2D Other, pulp and paper pro- CH4 7 5 20 21 0.00
duction
4A  Enteric Fermentation CH4 2793 5 25 25 1.07
4B Manure Management CH4 470 20 50 54 0.38
6A Solid Waste Disposal on LandCH4 1845 30 50 58 1.61
Total CH4 5509 2.03
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Table Al. cont. Tier 1 uncertainty assessment for national total emissions of CO; equivalents in
2006 without adjustment for correlation between gases.

CRF IPCC category

GHGEmissionsActivity
2006 data

Emission Emission Combined Combined
uncertaintyuncer-

factor

data

uncertaintyuncertaintyuncertainty tainty as
% of total
national
emissions
in 2006
GgCOz; % % % % %
€q
1A1aPublic electricity and Heat  N,O 393 1 21 21 0.12
production
1A1bPetroleum Refining N20 37 5 55 55 0.03
1A1cManufacture of Solid Fuels N,O 3 4 18 18 0.00
and Other Energy Industries
1A2alron and Steel N.O 16 3 20 20 0.00
1A2bNon-Ferrous Metals N2O 2 3 22 22 0.00
1A2cChemicals N20 18 5 53 53 0.01
1A2dPulp, Paper and Print N2O 118 1 26 26 0.05
1A2eFood Processing, Beverages N,O 11 2 17 17 0.00
and Tobacco
1A2f Other Manufacturing Indus- N,O 151 6 31 31 0.07
tries and Construction, sta-
tionary
1A Mobile combustion N2O 642 5 109 47 88 0.85
1A4aCommercial/lnstitutional N.O 6 11 34 37 0.00
1A4bResidential, Stationary N2O 73 9 80 85 0.09
1A4cAgricultu- N.O 5 13 27 30 0.00
re/Forestry/Fisheries, Statio-
nary
1B1 Solid fuels N,O 2 31 13 34 0.00
1B2 Oil and Natural Gas N.O 2 15 73 75 0.00
2B Chemical Industry N.O 466 2 5 125 6 0.04
2D Other, pulp and paper pro- N2O 86 5 20 0 21 0.03
duction
3 Solvent and other product  N,O 136 10 10 0 14 0.03
use
4B Manure Management N2O 511 20 50 0 54 0.41
4D Agricultural Soils N.O 4729 16 69 0 70 5.00
6B Wastewater Handling N2O 138 10 50 0 51 0.1
Total N20O 7 546 5.16
2C Metal Production PFC 244 2 30 30 0.11
2C Metal Production SF6 77 40 40 0.05
2F Consumption of Halocarbons HFC 823 10 25 27 0.34
and SF6
2F Consumption of Halocarbons PFC 2 25 50 56 0.00
and SF6
2F Consumption of Halocarbons SF6 34 12 18 22 0.01
and SF6
Total F-gases 1179 0.36
Total Sweden (CO-- 65 749 6.00

eqvivalents)
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Table A2. Tier 1 uncertainty assessment for national total emissions of CO, equivalents in 1990

without ad-justment for correlation between gases.

CRF IPCC category

GHGEmissionsActivity
1990 data

Emission Emission Combined Combined

factor data

uncertaintyuncertainty

uncertaintyuncertaintyuncertainty as % of
total na-
tional
emissions
in 1990
GgCO2 % % % % %
eq
Public electricity and Heat 7 691 1 5 5 0.55
1A1aproduction CO,
1A1bPetroleum Refining CO; 1997 8 4 9 0.24
Manufacture of Solid Fuels 361 4 14 15 0.07
1A1cand Other Energy Industries CO,
1A2alron and Steel CO, 1057 3 4 5 0.07
1A2bNon-Ferrous Metals CO; 142 2 5 5 0.01
1A2cChemicals CO, 1183 6 54 55 0.90
1A2dPulp, Paper and Print CO, 2 186 1 3 3 0.1
Food Processing, Bever- 949 3 2 3 0.04
1A2eages and Tobacco CO;
Other Manufacturing Indus- 4 095 8 1 8 0.47
tries and Construction,
1A2f stationary CO,
1A Mobile combustion CO, 21993 2 3 4 1.08
1A4aCommercial/lnstitutional CO, 2 541 14 1 14 0.51
1A4bResidential, Stationary CO, 6 056 18 1 18 1.55
Agricul- 481 9 1 9 0.06
ture/Forestry/Fisheries,
1A4cStationary CO,
1B1 Solid fuels CO, 789 49 15 51 0.56
1B2 Oil and Natural Gas CO, 93 14 11 18 0.02
2A  Mineral Products CO, 1919 2 4 7 4 0.1
2B Chemical Industry CO, 69 5 7 9 0.01
2C Metal Production CO, 2413 4 4 3 5 0.17
Solvent and other product 242 15 20 25 0.08
3 use CO;
6C Waste Incineration CO; 44 5 5 0.00
Total CO, 56 301 2.37
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Table A2 cont. Tier 1 uncertainty assessment for national total emissions of CO; equivalents in
1990 without adjustment for correlation between gases.

CRF IPCC category

GHGEmissionsActivity
1990 data

Emission Emission Combined Combined
uncertaintyuncertainty

factor

data

uncertaintyuncertaintyuncertainty as % of
total na-
tional
emissions
in 1990
GgCO2 % % % % %
eq
Public electricity and Heat 21 2 21 0 21 0.01
1A1aproduction CHg4
1A1bPetroleum Refining CH4 1 7 71 0 71 0.00
Manufacture of Solid Fuels 0 4 17 0 18 0.00
1A1cand Other Energy Industries CH4
1A2alron and Steel CH4 0 3 20 0 20 0.00
1A2bNon-Ferrous Metals CH4 0 3 18 0 18 0.00
1A2cChemicals CH,4 1 4 33 0 34 0.00
1A2dPulp, Paper and Print CHg4 25 2 38 0 38 0.01
Food Processing, Bever- 1 3 20 0 20 0.00
1A2eages and Tobacco CH,
Other Manufacturing Indus- 17 9 89 0 90 0.02
tries and Construction,
1A2f stationary CHg4
1A Mobile combustion CH4 117 2 96 39 36 0.06
1A4aCommercial/lnstitutional CH4 5 8 71 0 71 0.01
1A4bResidential, Stationary CH,4 232 10 99 0 99 0.32
Agricul- 1 8 76 0 76 0.00
ture/Forestry/Fisheries,
1A4cStationary CHg4
1B1 Solid fuels CH4 0 40 13 0 42 0.00
1B2 Oil and Natural Gas CH4 5 15 70 400 397 0.03
2B Chemical Industry CH, 1 0 0 100 100 0.00
2C Metal Production CHg4 0 5 20 0 21 0.00
2D Other, pulp and paper pro- 5 5 20 0 21 0.00
duction CH,
4A  Enteric Fermentation CHg4 3058 5 25 0 25 1.08
4B Manure Management CHg4 354 20 50 0 54 0.26
6A Solid Waste Disposal on 2874 40 50 0 64 2.55
Land CHg4
Total CHy4 6719 2.81
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Table A2. cont. Tier 1 uncertainty assessment for national total emissions of CO; equivalents in
1990 without adjustment for correlation between gases.

CRF IPCC category

GHGEmissionsActivity
1990 data

Emission Emission Combined Combined
uncertaintyuncertainty

factor

data

uncertaintyuncertaintyuncertainty as % of
total na-
tional
emissions
in 1990
GgCO2 % % % % %
eq
Public electricity and Heat 305 2 26 27 0.1
1A1aproduction N2O
1A1bPetroleum Refining N2O 34 5 49 49 0.02
Manufacture of Solid Fuels N,O 3 4 17 18 0.00
1A1cand Other Energy Industries
1A2alron and Steel N2O 15 3 21 21 0.00
1A2bNon-Ferrous Metals N2O 3 3 19 20 0.00
1A2cChemicals N2O 19 4 37 38 0.01
1A2dPulp, Paper and Print N2O 118 1 24 24 0.04
Food Processing, Bever-  N,O 19 3 20 20 0.01
1A2eages and Tobacco
Other Manufacturing Indus- N.O 156 6 30 31 0.07
tries and Construction,
1A2f stationary
1A Mobile combustion N2O 521 4 100 50 82 0.59
1A4aCommercial/lnstitutional N2O 31 13 26 29 0.01
1A4bResidential, Stationary N2O 115 10 55 56 0.09
Agricul- N.O 15 8 28 29 0.01
ture/Forestry/Fisheries,
1A4cStationary
1B1 Solid fuels N,O 2 40 13 42 0.00
1B2 Oil and Natural Gas N2O 1 15 70 72 0.00
2B Chemical Industry N2O 832 2 5 125 6 0.07
2D Other, pulp and paper pro- N;O 66 5 20 21 0.02
duction
3  Solvent and other product N,O 90 10 10 14 0.02
use
4B Manure Management N2O 743 20 50 54 0.56
4D Agricultural Soils N2O 5251 16 70 72 5.25
6B Wastewater Handling N2O 195 10 50 51 0.14
Total N,O 8 535 5.31
2C Metal Production PFC 377 2 30 30 0.16
2C Metal Production SFe 24 40 40 0.01
2F Consumption of Halo- HFC 4 22 29 37 0.00
carbons and SFg
2F Consumption of Halo- SFe 84 3 9 10 0.01
carbons and SFg
Total F-gases 488 0.16
Total Sweden (CO,- 72 043 6.46

eqvivalents)
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Table A3. Energy consumption (TJ) for stationary combustion 2006 by CRF code and fuel type.
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Fuel group | Fuel type 1A1a |1A1b [1A1c [1A2a [1A2b|1A2c |1A2d |1A2e |1A2f |1Ada |1Ad4b |1A4c |1A5a |1B1c |[1B2a|1B2c
Liquid Gasl/diesel oil (domestic heating oil) |3 240 |39 43 573 |136 |690 285 1655|7787 [4726(16 131(4 727
Residual fuel oil 13773 * 4871|214 |898 22 360|2 493|110 343 |79 63 653
LPG 569 507 * 8530|498 |[1865 |2372 (908 |4415 * 112 4
Gas works gas 171 95 5 0 100 |888 40
Kerosene * * " * * * * *
Gas/diesel oil (diesel) 92 6 2 * 19 23 25 625
Petroleum coke 2 063 * 1937
Refinery oil 2 364
Other oil 345 14 786 * 153 924
Refinery gases 31 860 692 1814
Carbide furnace gas 81
Solid Coke oven gas 893 4552|4175 229
Blast furnace gas 7 891 516 1125
Steel converter gas 1474 1239
Coal 13 095 * * * 990 23 10 644 |* *
Coke * 153 * 213 (1321 |* *
Peat 10 785 * * 160
Other solid fuels * * * * * 2170
Transformation losses of eneray 34 185
Gaseous | Natural gas 10 435|1 086 973 |310 |5107 |1705 (4242|2989 [1918|1193 [676 |*
Biomass |Wood, wood waste 91 520 30 * * 42 347|317 (23 874(1170({39736|167
Tall oil 2736 150 5498 *
Landfill gas 2870 23 * 305 |*
Other biomass 8 983 * 99 463 309 (299
Other MSW 35105 * * * * *
Other not specified fuels 3974 |* * 2498 10

* No consumption in 2006 but in earlier years
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Annex 4
The ARTEMIS road model

The ARTEMIS (Assessment and Reliability of Transport Emission Models and Inventory
Systems) road model provides emission factors and emissions for segments and sub-
segments of six main vehicle categories - passenger cars (PC), light commercial vehicles
(LCV), heavy commercial vehicles (HCV), urban busses, coaches, and motorcycles including
mopeds (MC) - for a large number of traffic situations, as well as for average speeds (Keller
et al., 2005). Segments are defined as groups of vehicles of similar size (e.g. passenger cars
with swept engine volume between 1.4 and 2 litres, rigid trucks with weight between 14 and
20 tonnes) and similar technology (e.g. petrol engines, diesel engines, biofuel, CNG/petrol
engines), whereas sub-segments are defined as groups of vehicles of similar size, technology
and emission concept (e.g. pre-Euro, Euro 1, 2, 3, etc.) The emission factors are based on
emission measurements according to different sets of real-world driving cycles, representa-
tive for typical European driving conditions (André, 2004). The model calculates emissions
separated into hot emissions, cold start emissions and evaporative emissions. An overview of
the model structure with input and output parameters is given by Figure 1.

GUI: FLEET MODEL EMISSION FACTORS
[Spedialities
Fuel quality
Efficiency development
ration
E-Factors Non-requlated
FLEET MODEL Calculations |
1. Fleet tumover, 2.Traffic activity, 3.Emission concept intro. Old/new concepts
Definitions of Reduction factors
Traffic Situations
Output: Fleet/TrActivity Comp. (abs and rel)
Def of Amb.Cond. /Driv.behav.
(temp., trip length, park time)
[TDS: TRAFFIC DATA SET
\Vehkm (+ distr by TrafficSit, av)
[Starts (+ Start pattern)
[Veh (+Evap pattern)
[Stops (+Evap pattern)
GUI: EMISSION MODEL GUI: EMISSION FACTORS
Emission Results Emission Factors

Figure 1: ARTEMIS model structure.

National fleet data

The Swedish road vehicle fleet for each year is described by means of the number of vehicles
on category level, along with segment/sub-segment and age distributions, derived from the
Swedish national vehicle register. This register is updated with new registrations and
scrapped vehicles on a daily basis. Specific information on swept engine volume for passen-
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ger cars is not available from the national vehicle register. Instead, an independent fuel con-
sumption dataset obtained from the Swedish Consumer Agency including swept engine vol-
umes for a large number of car models available on the Swedish market, was used. This data-
set has been matched with the national vehicle register, resulting in functions of swept en-
gines volumes versus year of registration, engine power, and vehicle weight, for gasoline and
diesel passenger cars separately.

The ARTEMIS model distinguishes between two types of busses: urban busses, mainly
used for urban driving, and coaches, mainly used for rural and motorway driving. Due to lack
of specific information in the national vehicle register, the distinction between urban busses
and coaches had to be based on the ratio p/w, where p is equal to the maximum allowed
number of passengers, and w is equal to the gross vehicle weight, both available from the
national vehicle register. Busses with a p/w-value above 3.7 were classified as urban busses,
whereas busses with a p/w-value below 3.75 were classified as coaches.

In the ARTEMIS model, trucks are split into two main categories: with and without
trailer, respectively. Since there is no information on the use of trailers in the Swedish na-
tional vehicle register, trucks with trailers are described by means of vehicle transformation
patterns in the ARTEMIS model. A transformation pattern defines the mileage distributions
for each weight class, with and without trailer, respectively. The truck category "with trailer"
is split further into different sizes of trailers expressed as the total weight (i.e. weight range,
e.g. 20-28 tonnes) of the truck and trailer combination. The transformation patterns for Swe-
den were derived from traffic measurements on Swedish roads.
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Figure 2: Vehicle fleet data by dec 31, numbers, 1990-2006.
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Traffic activity data

Vehicle mileages, loads, trip lengths and fuels

The ARTEMIS model requires yearly mileages per vehicle category. For Sweden these are
calculated by means of a national road mileage model (Edwards et al., 1999). Important in-
puts to this model are the overall mileage on roads, derived from traffic measurements on
Swedish roads, along with the number of vehicles in different categories. The annual mileage
per vehicle category is derived by dividing the total mileage per category with the number of
vehicles per category. By applying the same number of vehicles together with the derived
mileage, the ARTEMIS model will provide the same overall national mileage as the national
road mileage model.

Yearly mileages per vehicle sub-segment level are used to distribute the total mileage on
sub-segments. A method has been developed, which can assign all vehicles in the register an
annual mileage, based on yearly odometer readings within the Swedish inspection & mainte-
nance (I/M) programme (SIKA, 2003). This data is used for deriving mileage both per vehi-
cle sub-segment, and as a function of vehicle age. For heavy commercial vehicles the
ARTEMIS model requires mileage distributions of load factors empty (0% load), half-load
(50% load), and fully loaded (100% load), by vehicle segment and vehicle age. This data is
derived from a major national survey from 1997 on Swedish domestic road goods transport
(Hammarstrom and Yahya, 2000), including detailed information about both truck and trailer
loads.

In order to estimate evaporative and cold start emissions, information on distributions of
trip lengths and parking times, and on the seasonal and diurnal variation of ambient tempera-
ture is needed. Trip lengths and parking times can be derived from surveys, or from data from
instrumented cars. For Sweden an average trip length according to surveys is 12 km, and
according to instrumented cars 7 km (SNRA 1999). Instrumented cars provide the trip length
from engine start to engine stop. Even if instrumented car data just represents a few vehicles
and use in few families, this data set has been considered more representative than the survey
data, since the information requested is the distance travelled from engine start to engine stop
(André et al., 1999). Thus, available instrumented vehicle data was used to estimate trip
lengths and parking times in Sweden.
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Figure 3: Vehicle mileages 1990-2006.

Traffic situations

The ARTEMIS model includes 276 traffic situations, i.e. combinations of 69 road categories
and for each of those four classes of traffic conditions or "levels of service", defining how
disturbed the traffic is relative to undisturbed traffic - 1) Free Flow, 2) Heavy Traffic, 3)
Saturated, and 4) Stop and Go conditions. Furthermore it is possible to add different level of
grade; however this is not done for Sweden.

The national vehicle mileages for year 1990, 1995, 1998, 2000 and 2004 were initially
estimated by means of the national vehicle mileage model (Edwards et al., 1999). Procedures
were established to allocate the total vehicle mileage over 1) urban and rural roads, 2) road
categories, 3) traffic conditions, and to fit the result to the traffic situations in ARTEMIS.
Two national GIS road databases were employed. The first, VDB, contains all state road
links attached with information about: length, road function, speed limit and ADT (average
daily traffic) split on light- and heavy-duty vehicles. The second, NVDB, were used for mu-
nicipal and private road links. NVDB contains information on road classification and road
link length, but lacks information on ADT. Traffic simulations were performed for four re-
gions in Sweden to represent the distribution of vehicle mileage over road categories for
municipal and private roads. To separate between urban and rural road links, a GIS layer with
polygons for built-up areas was utilized. Through this, the study was able to present new
figures on the distribution of the overall vehicle mileage between urban and rural roads in
Sweden: 41% and 59%, respectively (the distribution used earlier was 35% and 65%, respec-
tively). State-owned rural and urban roads together with municipality-owned urban roads
accounted for more than 90% of the overall vehicle mileage in 2004.
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Furthermore, a model for distributing the urban vehicle mileage on cities of different size was
demonstrated. Cities with inhabitant number exceeding 200,000 - only three in Sweden -
accounted for between one fourth to almost one third of the overall vehicle mileage on urban
roads. Available statistics on hourly flow conditions for different road types (Bjorketun et
al., 2005, Jensen, 1997) were employed for describing the yearly variation of ADT (monthly,
weekly, daily and hourly) on the different road types. The hours over the year were divided
into groups based on their share of ADT for different road categories, entitled ranks (catego-
ries for rural roads were: share of ADT >0.12, 0.8-1.2, 0.4-0.8 and <0.04, categories for ur-
ban roads were: share of ADT >0.1, 0.07-0.1, 0.04-0.07 and <0.04). Using the available sta-
tistics, traffic flow and vehicle mileage at different rank-hours were calculated for each link
of the state road network.

Similar calculations were carried out for the municipal and private road links in the four
regions. The results, traffic flow per lane and hour were related to volume-delay functions, cf.
Figure 4, and preliminarily classified into ARTEMIS traffic conditions 1-3. Hypothesis were
formulated concerning the distribution of vehicle mileage for "Stop and Go"-conditions. This
can not be estimated from volume delay functions alone, since it is not possible to decide
whether a flow occurring between free flow (a) and congested (b) in Figure 4 is a case of
demand exceeding capacity (Stop and Go) or if it is a lower flow (Heavy Traffic). To over-
come this, two assumptions were made: Stop and Go would only occur on road links that had
reached their capacity, c; and for these roads it was assumed that Stop and Go constituted a
fixed share of the preliminary estimated vehicle mileage in the traffic condition “Heavy Traf-
fic”.

speed
4 free flow
i ~heawy
T Road Capacity Condition1 | Condition2 | Condition3
speed (cin figure “Free flow™ | “Heavy™ “Congested”
limnit vehlane*h) | (a infigure) | (a-b) (h in figure)
congested a0+ 2000 <1300 1200-1700 =1700
g 70 1550 =a00 A00-1300 1300
50- 1150 =a00 al0-500 =800
» flow
4 0 C
H—F’
stop & go

Figure 4: Traffic flow per lane and hour were related to volume-delay functions

By studying flow over the day for individual congested roads, cf. Figure 5, it could be seen
that a local decrease in flow sometimes occurred within a congested period (i.e. when flow is
near the capacity). This period was assumed to be a “Stop and Go”-period and calculations
were made accordingly. The calculations finally resulted in a distribution of the vehicle mile-
age (light- and heavy-duty vehicles) over road categories and traffic conditions for the Swed-
ish road network for the years 1990, 1995, 1998, 2000 and 2004.
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Swedish road categories were translated to ARTEMIS traffic situations based on the descrip-
tion of road hierarchy, speed limit, function and design. Then it was possible to sum the vehi-
cle mileage in Sweden over the ARTEMIS traffic situations for different years.

100% "congested”

&% "stop & go”

xS R | Y I A —

ET

e

e : :
o1 e 1 18 f

Duration of "stop & go” Periods of
conditions "heavy” traffic

Figure 5: Flow over the day for individual congested roads

85 of the overall 276 ARTEMIS traffic situations were identified in Sweden in 2004, repre-
senting 33 road categories, for which the ARTEMIS traffic conditions "Free Flow" or "Heavy
Traffic" were predominant. In fact, as much as 94% of the overall vehicle mileage driven in
Sweden was characterised by free flow conditions. The ten most abundant ARTEMIS traffic
situations all involved "Free Flow" conditions, and are presented in Table 1. The three most
common road categories "Rural Distributor" (speed limits 90 and 70 km/h, respectively) and
"Rural Motorway" (speed limit 110 km/h) accounted for more than 40% of the national vehi-
cle mileage. Adding also urban road categories "Local Collector" and "Access Residential”
(both with speed limit 50 km/h), and "Distributor" (speed limits 70 and 50 km/h, respec-
tively), and two more rural categories ("Local Collector", 70 km/h, and "Trunk Road", 110
km/h), these ten most abundant road categories at free flow conditions accounted for about
80% of the national vehicle mileage. The share of the ARTEMIS "Stop and Go"-conditions
of the overall mileage was as low 0.05%, and only occurred in the three major cities (having
more than 200,000 inhabitants). Further details concerning the methodology and the results
are reported elsewhere (Larsson and Ericsson, 2006).
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Table 1: The ten most common traffic situations in Sweden in 2004, and their share of the total vehi-
cle mileage.

Description of traffic situation Vehicle mileage
Rural / Distributor-District connection / Speed limit: 90 km/h / Free flow 21.3%
Rural / Distributor-District connection / Speed limit: 70 km/h / Free flow 11.1%
Rural / Motorway / Speed limit: 110 km/h / Free flow 10.7%
Urban / Local collector / Speed limit: 50 km/h  / Free flow 9.7%
Urban / Access-Residential / Speed limit: 50 km/h  / Free flow 6.6%
Urban / Distributor-District connection / Speed limit: 70 km/h  / Free flow 5.9%
Rural / Local collector / Speed limit: 70 km/h  / Free flow 5.7%
Urban / Distributor-District connection / Speed limit: 50 km/h  / Free flow 4.8%
Urban / Access-Residential / Speed limit: 30 km/h  / Free flow 2.2%
Rural / Trunk road / Speed limit: 110 km/h  / Free flow 2.0%
Total 79.9%
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Annex 5
The Swedish National System

Introduction

Under Article 5 of the Kyoto Protocol each party in Annex 1 has to introduce a national sys-
tem for estimating anthropogenic emissions by sources and removals by sinks of all green-
house gases not controlled by the Montreal Protocol by 1 January 2007. The national system
is to be designed in compliance with UNFCCC decision 20/CP.7. Under the terms of Deci-
sion 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 re-
movals of greenhouses gases.

A quality system has been introduced in the framework of the national system to ensure
that the inventory and reporting are systematically planned, prepared and followed up in
accordance with specified quality requirements so that the inventory is continuously devel-
oped and improved. The quality system relates to both the government agencies and the work
of the consultants.

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

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

e assisting Sweden in meeting its commitments under the Kyoto Protocol,

o facilitating the review of submitted information,

e ensuring and improving the quality of the Swedish inventory and

e guaranteeing that submitted data is officially approved.

The national system has to ensure the level of quality in the inventory, i.e. ensure that the
inventory is transparent, consistent, comparable, complete and accurate. These principles
guide the Swedish EPA, other government agencies and consult-ants who assist in the inven-
tory and reporting.
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Legal arrangements of the Swedish national system

Ordinance (2005:626) Concerning Climate Reporting provides the basis for the national sys-
tem and describes the roles and responsibilities of the government agencies in the context of
climate reporting.

There is legislation in Sweden which is not primarily intended to apply to climate report-
ing but indirectly supports the work by providing a basis for the estimation of greenhouse gas
emissions and removals. Under Chapter 26 Section 19 of the Environmental Code
(1998:808), there is an obligation for annual environmental 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 (1992:1668)
Concerning Official Statistics impose an obligation on companies and other organisations to
submit annual figures. The figures then serve as a basis for estimating greenhouse gas emis-
sions and removals in several sectors.

The Swedish EPA engages consultants with expert skills to conduct the inventory and re-
porting 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), Statistics Sweden (SCB), the Swedish University of Ag-
ricultural Sciences (SLU) and the Swedish Environmental Research Institute (IVL). The
contract between the Swedish EPA and SMED runs for nine years.

Institutional arrangements of the Swedish national
system

The illustration below and the associated text describe in broad terms which organisations are
involved in the work of compiling documentation for the yearly inventory report and for
other reporting to the European Commission and the Convention (UNFCCC).

The Swedish Environmental Protection Agency has responsibility on behalf of the Minis-
try of Sustainable Development for drawing up documentation for the required reporting.
This means that the Swedish EPA ensures that the documentation for the yearly inventory
report and other reports is sent to the Ministry of Sustain-able Development. The Swedish
EPA is thus responsible for coordinating the national work for Swedish climate reporting and
maintaining the reporting system required for reporting.
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Institutional arrangements

Authorities
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Swedish National Rail
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Swedish National Maritime
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Swedish National Road
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Swedish International Development
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UNFCCC
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Sections 6-19 of the Ordinance (2005:626) Concerning Climate Reporting describe the tasks of the govern-

ment agencies in the context of the yearly inventory and reporting activity. 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 conduct-

ing a national peer review.
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Energy sector (including transport)

If the Swedish EPA is to be able to calculate emissions from the energy sector (including
transport), there is a need for documentation from the Swedish Energy Agency, the National
Rail Administration, the Swedish Civil Aviation Authority, the National Maritime Admini-
stration, the National Road Administration and the Swedish Armed Forces. The Swedish
Energy Agency is responsible for conducting peer reviews of the energy sector and the Swed-
ish Institute for Transport and Communications Analysis (SIKA) for the transport sector. The
Swedish Energy Agency also assists the Swedish EPA in the work of developing documenta-
tion concerning flexible mechanisms and emissions projections as well as extracts from and
information about changes to the national register.

Industrial processes sector

In order to calculate emissions from the industrial processes sector, the Swedish EPA needs
to receive documentation from the Swedish Chemicals Inspectorate, which presents data
from the product register for certain fluorinated greenhouse gases. The Swedish EPA and the
Swedish Chemicals Inspectorate are responsible for conducting peer reviews in the industrial
processes sector, where the Swedish Chemicals Inspectorate in particular is responsible for a
peer review of fluorinated greenhouse gases being conducted. The Swedish EPA reviews
other areas in the industrial processes sector.

Solvent and other product use sector

For the solvent and other product use sector there is a need for the Swedish EPA to receive
documentation from the Swedish Chemicals Inspectorate, which presents data from the prod-
uct register for the calculation of volatile organic compounds (NMVOC) emissions. The
Swedish Chemicals Inspectorate is also appointed to conduct a peer review in this sector.

Agriculture sector

In order to calculate emissions from the agricultural sector, there is a need for the Swedish
EPA to receive documentation from the Swedish Board of Agriculture and Statistics Sweden.
In this sector, the Swedish Board of Agriculture is responsible for conducting peer reviews.

Land use, land-use change and forestry sector

To enable the Swedish EPA to calculate emissions from the land use, land-use change and
forestry sector (LULUCEF), there is a need for documentation from the Swedish University of
Agricultural Sciences, Statistics Sweden, the National Board of Forestry, the Swedish Mete-
orological and Hydrological Institute (SMHI) and the Swedish Board of Agriculture. The
National Board of Forestry is responsible for conducting a peer review in this sector other
than the parts which relate to agriculture, where the Swedish Board of Agriculture is respon-
sible for a peer review being carried out.

Waste sector

The Swedish EPA is appointed as the sector authority in the waste sector. The Swedish EPA
uses data from sources as Swedish Association of the Waste Management, Statistics Sweden,
the Swedish Forest Industries Federation and the Swedish EPA in the calculation of emis-
sions and conducts peer reviews in this sector.
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Reporting relating to efforts in developing countries

With regard to reporting in relation to efforts which relate to developing countries, the Swed-
ish International Development Cooperation Agency (Sida) is responsible for presenting
documentation to the Swedish EPA.

On behalf of the Swedish EPA, consultants process the documentation received from the
government agencies, as well as support data produced by the Swedish EPA itself, and car-
ries out calculations to estimate Swedish greenhouse gas emissions, as well as compiling the
result in the yearly inventory report. They also assist in certain development projects which
are required for the reporting to meet specified requirements. When consultants calculate
emissions from certain sectors such as industrial processes and solvent and other product use,
in addition to documentation from the government agencies, environmental reports and
documentation are required from other industry organisations and companies.

Procedural arrangements of the Swedish National

The illustration below shows a process description of Swedish inventory and re-porting activ-
ity
SWEDISH ENVIRONMENTAL MINISTRY OF
CONSULTANTS
PROTECTION AGENCY SUSTAINABLE DEVELOPMENT | | UNFCCC SECRETARIAT
May-Aug Aug-Sept Sept-Oct 15 0ct 15 Oct-1 Nov 15 Dec 15/1 EU, 15/4 UNFCCC May- Sept
Data Calculations Preparation Report National Report to Report to EU/UNFCCC International peer review
collection of the reporting o peer Ministry of
Swedish review Sustainable
EPA Development

The Swedish EPA’s consultants gather data and information from various government agen-
cies, organisations and companies over the period from May 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 August and September. Over the period from Septem-
ber to October, the material is put together in a reporting format and data is reviewed by both
the inventory personnel and national peer reviewers.

The Swedish Environmental Protection Agency supplies documentation for Swedish cli-
mate reporting to the Ministry of Sustainable Development 20 working days before the re-
porting date.

The Ministry attends to joint preparation of the reporting documentation. The Ministry of
Sustainable Development reports to the European Commission on 15 January and the secre-
tariat of the Convention on 15 April. Reported data relates to emissions year X-2, in other
words emissions which took place during 2004 are reported in 2006.

The secretariat of the Convention then administers an international peer review of Swed-
ish reporting. The results from this review form part of the planning documentation with a
view to improving the quality of the Swedish inventory.
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Annex 6
The Quality System as part of the
National System

Introduction

In compliance with UNFCCC Decision 20/CP.7 and in accordance with decisions within the
EU, the Swedish EPA and other government agencies and consultants have introduced inter-
nal quality systems to ensure a high level of quality in the annual inventory and reporting.

The responsibilities of the Swedish EPA and the other government agencies for the qual-
ity system are described in Ordinance (2005:626) Concerning Climate Reporting. 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 also 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 coordi-
nated quality system.

The responsibility of the consultants to maintain and develop an internal quality system is
described in the framework contract between the Swedish EPA and the consultants.

To ensure quality, [IPCC Good Practice Guidance is followed. This guidance indicates
what “Good Practice” means by describing different approaches to ensure that the inventory
is accurate in the sense that it is systematic and that the estimates made of emissions are plau-
sible and that uncertainties are reduced as far as practicable.

The structure of the system complies with the PDCA cycle (Plan, Do, Check, Act), which
is an adopted model for how systematic quality and environmental management activity is to
be undertaken according to international standards to ensure that quality is maintained and
developed.

The figure below shows the plan, do, check, act cycle for the inventory.

300



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
Sweden’s National Inventory Report 2008

Procedural Arrangements

Follow up Plan

Quality
principles

Check Do

The Swedish EPA has drawn up a document which describes the coordinated quality system
for climate reporting®®’. This document contains references to normative and descriptive
documents which govern the inventory and reporting. As large parts of the operational inven-
tory work are carried out by government agencies and consultants, there are also references
under each section of the document to the internal quality systems of the government agen-
cies and consultants. One of the purposes of the document is to describe how the coordinated
quality system works as a whole and how its different parts work together.

Inventory planning

Requirements, decisions and guidelines

The Swedish EPA and affected government agencies and consultants annually plan the in-
ventory and reporting on the basis of new international and national require-ments, decisions
and guidelines which exist within the framework of climate re-porting. The Swedish EPA
and other government agencies take part in international negotiations and working groups to
ensure that applicable requirements, decisions and guidelines are interpreted and complied
with.

Quality objectives and activity plans

The Swedish EPA annually draws up quality objectives and activity plans with a view to
steadily developing and improving the inventory and reporting. The activity plans describe
the action to be taken to attain the quality objectives, which is responsible and what resources
have been earmarked for the purpose.

Quality plans

Each government agency which supplies data to the Swedish EPA has an internal quality
system containing a quality plan with references to necessary quality control routines to en-
sure the quality of data and to ensure that the documentation is supplied to the Swedish EPA
at the right time and in the right format. The consult-ants have documents for each sector

21 Manual for Sweden’s national qualitysystem for inventory and reporting in accordance and decisions within the
EU
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describing how calculations of emissions and sink removals are to be done, as well as how
the quality control and quality assurance are carried out to ensure a high level of quality dur-
ing and after performance of the calculations. These documents are regularly updated ahead
of future inventory and reporting.

Key Source analysis

With the assistance of consultants, the Swedish EPA carries out an annual analysis to identify
the emission sources to which priority is to be given under the inventory work, known as Key
Source Categories. The result of the Key Source analysis represents an important basis for
the annual planning of the inventory, and together with other underlying data can provide
guidance on what areas need to be improved and whether any development projects need to
be set up.

Estimations of uncertainty

The Swedish EPA makes an estimate of the uncertainties contained in data and emission
factors in cooperation with government agencies and consultants. The assumptions on which
the estimation of uncertainty is based are documented for each emission source.

Preparation of the inventory

Training, awareness and skills

Training, awareness and skills in climate reporting are essential to maintain the level of qual-
ity 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 special-
ist areas.

Skills on the part of consultants are ensured in accordance with the requirements laid down in
the framework contract between the Swedish EPA and the consult-ants. The skills levels of
consultants are continuously reviewed.

Calculation of emissions and removals of greenhouse gases
In cooperation with affected government agencies and consultants, the Swedish EPA has
identified various types of documents which are normative and descriptive of the inventory
and reporting work. There are documents describing the quality systems of the government
agencies, containing quality plans with references to work documentation which describe
how data is produced and supplied to the Swedish EPA. The consultants have work docu-
mentation which describes how emissions and removals of greenhouse gases are calculated
for each sector. There are also documented routines and checklists for quality control and
quality assurance.

Both the government agencies and the consultants have routines which describe how
these documents are to be identified, kept, updated and archived and how they are to be re-
viewed and approved. The documents serve as important support material so that the work
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can be continuously monitored. The documents are also used in conjunction with quality
audits and peer reviews which are conducted at international and national level.

Inventory checking

Quality control

The Swedish EPA has introduced routines for quality control in cooperation with affected
government agencies and consultants?®?. This 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
quality control (Tier 2) which are applied to certain types of data and/or emission sources.

Quality assurance

Quality assurance®®® comprises national peer reviews which are conducted when the inven-
tory has been carried out. In cooperation with affected government agencies, the Swedish
EPA conducts a peer review of the inventory at national level. The peer review is defined in
the Ordinance (2005:626) Concerning Climate Reporting as a review of calculations, as-
sumptions and results of inventories which are covered by climate reporting, where the re-
view is conducted by a person who has not taken part in the inventory preparation.

The Swedish EPA is responsible for coordinating the annual peer review in consultation
with affected government agencies. This means, among other things, ensuring that the peer
reviewers have received the necessary training.

The peer review is conducted annually when the inventory has been carried out and the
consultants have sent the annual inventory report to the Swedish EPA. The review covers
calculations which have been performed and assumptions on which the estimation of emis-
sions has been based. This entails a review of documents which describe the choice of activ-
ity data, emission factors, completeness of re-porting, consistent time series, routines for
quality control and so on. The aim is to ensure that results, the assumptions which have been
made and the methodologies which have been applied are plausible.

The Swedish EPA conducts quality audits on its own internal work with the assistance of
peer personnel within the Swedish EPA or external quality auditors. The Swedish EPA is
responsible for consultants conducting internal quality audit during the inventory.

International peer review

The Swedish EPA has drawn up routines for handling the independent reviews under the
UNFCCC and Kyoto Protocol. If it emerges in connection with an inter-national independent
review that the government agency’s methods or routines need to be amended, under Section

262 Quality control comprises general methods of checking that the collection of data and the calculations performed
are in agreement with standardised procedures for estimating emissions, calculating uncertainties and archiving and
reporting data. Higher levels of quality control also cover the review of emission sources, selection of methods and
5%\\/3iew of activity data and emission factors.

Quality assurance comprises a system of procedures where independent people (peers) review whether a
desired quality of data has been attained to ensure that the inventory contains the best conceivable estimate of
emissions and sinks on the basis of available scientific and technical data.
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3, second paragraph, of Ordinance (2005: 626) Concerning Climate Reporting the govern-
ment agency has to take the measures required after consultation with the Swedish EPA.

Deviations, corrective and preventive measures

The Swedish EPA has drawn up routines for handling deviations and corrective and preven-
tive measures in cooperation with affected government agencies and consultants. The pur-
pose is to intercept deviations at an early stage and decide on corrective and preventive
measures. These measures may result in new quality targets for the inventory work. Handling
deviations and discovering improvements is important in maintaining and developing the
quality of inventory and reporting work.

Follow-up and continuous improvement of the
inventory

The inventory and reporting are to be steadily developed and improved. This necessitates
following up and evaluating the work when the inventory has been con-ducted. In consulta-
tion with affected government agencies and consultants, the Swedish EPA has devised rou-
tines to continuously follow up the work and after the inventory has been conducted to hold a
debriefing meeting to discuss the past year’s inventory and reporting. There are special rou-
tines in connection with peer reviews and quality audits for how deviations and proposals for
improvements are to be documented and sent to the Swedish EPA.

The result of the follow-up provides the basis for the Swedish EPA’s planning of the next
year’s inventory and reporting. Measures and prioritised and quality tar-gets and activity
plans are drawn up. In this way the systematic approach of the quality system is maintained
and the inventory and reporting are continuously improved.
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Annex 7
Normal-year corrected emissions

11.1.1 Normal-year correction of green-house gas emissions

In the UNFCCC Reporting Guidelines on Annual Inventories, Parties are encouraged to give
information on application of adjustments as it is regarded as important information in rela-
tion to the monitoring of emission and removal trends and the performance of national poli-
cies and measures. Information on fossil CO,-emissions adjusted for climatic conditions in
Sweden was included in the Third National Communication on Climate Change due in No-
vember 2001.

The Swedish climate varies a great deal from year to year. Temperature, solar radiation
and wind influence the amount of energy needed to heat buildings in order to maintain nor-
mal indoor temperatures. Precipitation affects the quantity of water flowing in watercourses
and hence the potential for generating electric energy using hydropower.
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Figure 1. Actual and normal-year corrected fossil COz-emissions for heating of buildings and electricity pro-
duction for the years 1990-2006. For 2006 only preliminary data is available.

Sweden has developed a normal-year correction method for adjusting fossil CO,-emissions
for climatic conditions in Sweden to be able to compare the actual emissions with a climatic
“normal” year. Normal-year correction includes emissions from heating of buildings (but not
cooling) and from electricity generation. The model used to calculate the need, depending of
weather, for heating of buildings is described in more detail in Appendix 3 in Sweden’s Third
National Communication on Climate Change, also in [1] and later further elaborated in de-
tails. The model for normal-year corrections of CO,-emissions from electricity production is
described in [2]. Actual and normal-year corrected fossil CO,-emissions for the heating of
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buildings are shown for the years 1990 to 2006 (only preliminary data for 2006) in Figure 1.
In Table A the normal-year corrections of fossil CO,-emissions (1000 ton CO,/year) in total
and separated for electricity production (including electric heating) and heating of buildings
(except electric heating) are shown. The correction shall be added to the actual emission to
obtain the normal-year emission. Preliminary data given for 2006.

Table A. Calculated normal-year corrections of fossil CO,-emissions (1000 ton CO_/year). Values are
given for the total correction as well as separated for heating of buildings (except electric heating)
and electricity production (including electric heating). The correction shall be added to the actual
emission to obtain the normal-year emission. Preliminary data given for 2006.

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Total normal-year correc-
tion 4755 1673 3303 790 591 1015 -2701 1924 1574 3245

Heating of buildings

(except electric heat) 1928 739 1398 487 460 309 -763 667 390 1137
Electricity production (incl.

electric heat) 2827 933 1905 303 132 706  -1938 1257 1184 2108
(1000 ton CO,/year)

Year
2000 2001 2002 2003 2004 2005 2006

Total normal-year correc-

tion 5127 1814 2308 1448 1843 2835 3061
Heating of buildings

(except electric heat) 1691 548 943 692 672 870 973
Electricity production (incl.

electric heat) 3436 1265 1364 757 1170 1965 2088
(1000 ton COylyear)

REFERENCES
[1] Persson C. Normalarskorrigering av Sveriges utsliapp av fossil CO, fran uppvarmning.
Rapportserie SMED och SMED&SLU, Nr 1. 2004

[2] Holmberg J. & Axelsson J. Kortfattad metodbeskrivning — Normalérskorrigering av el.
SwedPower. 2006
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Annex 8
Description of the national registry

11.2 Description of the national registry

(A) THE NAME AND CONTACT INFORMATION OF THE REGISTRY
ADMINISTRATOR DESIGNATED BY THE PARTY TO MAINTAIN THE
NATIONAL REGISTRY

Name Fredrik Svartengren

Address Box 310

Postcode SE-631 04

City Eskilstuna

Country Sweden

Phone +46 (0)16 544 22 27

Facsimile number +46 (0)16 544 2099

E-mail fredrik.svartengren@energimyndigheten.se

(B) THE NAMES OF THE OTHER PARTIES WITH WHICH THE PARTY
COOPERATES BY MAINTAINING THEIR NATIONAL REGISTRIES IN A
CONSOLIDATED SYSTEM

The Swedish National Registry has been created as a Swedish registry and not as
part of a consolidated transnational registry with other countries. The Swedish
Energy Agency acts as the registry administrator. The registry core software is
acquired from the Department of Environment, Food and Rural Affairs (United
Kingdom) on licence. The Swedish National Registry is linked to the other opera-
tional registries through the European Commissions Community Independent
Transaction Log (CITL).

(C) A DESCRIPTION OF THE DATABASE STRUCTURE AND CAPACITY
OF THE NATIONAL REGISTRY

The registry uses a Microsoft SQL Server relational database management system
with a dedicated model for supporting registry operations. It is run in a virtual
server environment with the ability to dynamically increase the capacity. The abso-
lute maximum size of a SQL Server 2000 database is 1,048,516 Terabytes or 50
Terabytes per single file entry. SQL Server database model is also scalable up to 32
processors with 64 gigabytes of memory. The server capacity is over-dimensioned.
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(D) A DESCRIPTION OF HOW THE NATIONAL REGISTRY CONFORMS TO
THE TECHNICAL STANDARDS FOR DATA EXCHANGE BETWEEN
REGISTRY SYSTEMS FOR THE PURPOSE OF ENSURING THE
ACCURATE, TRANSPARENT AND EFFICIENT EXCHANGE OF DATA
BETWEEN NATIONAL REGISTRIES, THE CLEAN DEVELOPMENT
MECHANISM REGISTRY AND THE TRANSACTION LOG (DECISION
19/CP.7, PARAGRAPH 1)

The registry system has been developed for the EU Emissions Trading Scheme.
This scheme requires its Member States’ registries to be compliant with the United
Nations Data Exchange Standards (UN DES) specified for the Kyoto Protocol. The
registry has developed functionalities for issuance, conversion, external transfer,
(voluntary) cancellation, retirement and reconciliation processes using XML mes-
sages and web services as specified in the UN DES 1.0 document.

The registry development team have been in close contact with the ITL admin-
istrator and development team within the UNFCCC secretariat. Discussions have
been held regarding the potential implementation timescales for the remaining
functions.

The software has passed interoperability tests against both the CITL as well as
the ITL in a test environment. The Swedish national registry has been connected to
the CITL since March 2005.

(E) A DESCRIPTION OF THE PROCEDURES EMPLOYED IN THE
NATIONAL REGISTRY TO MINIMIZE DISCREPANCIES IN THE
ISSUANCE, TRANSFER, ACQUISITION, CANCELLATION AND
RETIREMENT OF ERUS, CERS, TCERS, LCERS, AAUS AND/OR RMUS,
AND REPLACEMENT OF TCERS AND LCERS, AND OF THE STEPS
TAKEN TO TERMINATE TRANSACTIONS WHERE A DISCREPANCY IS
NOTIFIED AND TO CORRECT PROBLEMS IN THE EVENT OF A FAILURE
TO TERMINATE THE TRANSACTIONS

The Swedish National Registry fulfills all required processes to minimise discrep-
ancies in issuance, transfers, cancellation and retirement of ERUs, CERs, AAUs or
RMU . Every transaction is carried out according to the UN DES to minimise the
risk of inconsistent data in the Swedish National Registry and the independent
transaction log (ITL) and EU supplementary transaction log (CITL). The transac-
tion is not finalised until the transaction is registered on both registries servers. The
transaction is cancelled if the ITL or CITL sends an error code. The Registry Ad-
ministrator is to contact the central administrator at the ITL or CITL for instruc-
tions if the registry fails to terminate the transaction. Manual corrections in the
registry can be preformed by the registry administrator commissioned by the cen-
tral administrator.

In order to minimise discrepancies due to operator errors the registry software
performs internal checks on transactions, validates data input and earmarks units
involved in transactions. The registry software has also implemented functionality
in order to roll back transactions which are rejected or cancelled.
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(F) AN OVERVIEW OF SECURITY MEASURES EMPLOYED IN THE
NATIONAL REGISTRY TO PREVENT UNAUTHORIZED MANIPULATIONS
AND TO PREVENT OPERATOR ERROR AND OF HOW THESE MEASURES
ARE KEPT UP TO DATE

To access the Swedish National Registry users must have a valid user account, a
user name and password and a digital certificate. The digital certificate is an elec-
tronic ID which guarantees the identity of the user. The account holder must issue a
letter of attorney to a person before that person can apply for a user account.

The database is protected from unauthorized access by several security layers at
the Swedish Energy Agency. Database manipulations are only carried out by pro-
tected, internal stored procedures which are not accessible directly from the user
interface and can only be invoked by our internal web services.

(G) A LIST OF THE INFORMATION PUBLICLY ACCESSIBLE BY MEANS
OF THE USER INTERFACE TO THE NATIONAL REGISTRY
The user interface of the national registry carries no publicly available information.
Publicly available information is accessible through the website
http://www.utslappshandel,se which is an information portal shared between the
Swedish Energy Agency and the Swedish Environmental Protection Agency.
Publicly accessible information required under 5/CMP.1, 13/CMP.1 and
14/CMP.1 will available publicly through the website.

(H) THE INTERNET ADDRESS OF THE INTERFACE TO ITS NATIONAL
REGISTRY
http://www1.stem.se/etjanster

() A DESCRIPTION OF MEASURES TAKEN TO SAFEGUARD, MAINTAIN
AND RECOVER DATA IN ORDER TO ENSURE THE INTEGRITY OF DATA
STORAGE AND THE RECOVERY OF REGISTRY SERVICES IN THE
EVENT OF A DISASTER

The back-up and production environments are (geographically) separated. In case
of calamities, a backup server should be operational within 24 hours after it is de-
cided to use this server.

The Swedish Energy Agency utilises IBM's Tivoli Storage Manager (TSM) for
backup, restoring and archiving. The TSM server and its tape robots with media are
situated off-site, connected by fibre optics.

TSM uses a backup strategy called \u201cincremental forever\u201d. In this
strategy only the files changed since last backup are copied to the TSM server. The
TSM server keeps track of all files backed up and can combine files in different
ways to make complete or partial restores or point-in-time restores.

Scheduled backups are made every night and utilise special backup agents for
databases to insure on-line backups of the databases. For virtual servers additional
backups (snapshots) of the virtual disks are made weekly to ensure rapid recovery
of servers in the event of an emergency.
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The virtual servers reside in a farm of multiple physical servers. In case of sched-
uled maintenance of the physical hardware, a virtual server can be moved live to
another physical server. It is also possible to balance the utilisation of the physical
server by moving virtual servers around. In case of a physical server failure, the
virtual servers can be restarted on another physical server. In the case of a total
failure (fire etc.), virtual server disc snapshots can be restored to another physical
server and restarted.

(J) THE RESULTS OF ANY TEST PROCEDURES THAT MIGHT BE
AVAILABLE OR DEVELOPED WITH THE AIM OF TESTING THE
PERFORMANCE, PROCEDURES AND SECURITY MEASURES OF THE
NATIONAL REGISTRY UNDERTAKEN PURSUANT TO THE PROVISIONS
OF DECISION 19/CP.7 RELATING TO THE TECHNICAL STANDARDS FOR
DATA EXCHANGE BETWEEN REGISTRY SYSTEMS

Date Test content Involved Registries and Result
ction logs
November 2004 Interoperability CITL, SE registry Passed
EUETS

May 2005 Interoperability CITL, SE, registry Passed
EUETS

July 2007 Connectivity ITL, SE registry Passed

August 2007 Interoperability ITL, SE registry Passed
ITL

September/October  Cycle Testing ITL, CITL, SE registry,

2008 other EUETS registries and

| non- EUETS registries Pending|

The detailed test contents can be provided if needed.
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Annex 9

Description of Sweden’s Emission
Trading Scheme and comparison
to the national inventory system

The EU Emissions Trading Scheme was launched on the 1st of January 2005 and
covers approximately 720 installations in Sweden. Installations include combustion
plants, oil refineries, coke ovens, iron and steel plants and factories making cement,
glass, lime, ceramics, pulp and paper.

The system is divided into different sectors, depending on the main activity at
the installation. An installation is defined as a stationary technical unit where a
listed Main Activity is carried out. All installations have a permit to emit carbon
dioxide. An installation can be all or part of a plant or industry. If several different
operators are situated in one plant, it may be divided into several installations.

THE MAIN ACTIVITIES IN THE EU ETS ARE:

Energy activities
The definition includes combustion installations with a rated thermal input exceed-
ing 20 MW, mineral oil refineries and coke ovens. Sweden has an opt-in of small
combustion installations that includes all combustion installations connected to a
district heating grid with an aggregated installed capacity exceeding 20 MW.
Installations that burn municipal waste and/or hazardous waste are not included
in the scheme. During the first trading period (2005-2007) Sweden has interpreted
this in the following way: If an installation, or a certain boiler in an installation,
mainly incinerate municipal waste or hazardous waste, they are excluded. But from
2008 and onwards (2nd trading period) all installations, or boilers at an installation,
with a permit to the Environmental Code to incinerate municipal waste and/or haz-
ardous waste will be excluded Incineration of other kinds of waste, such as indus-
trial waste, are included in the scheme.

Sweden has used a semi broad definition of combustion installation which
means that installation producing electricity, hot water, hot oil and steam were
included but not kilns and ovens. For the second trading period (2008-2012) Swe-
den has followed the recommendation from the EU Commission to broaden the
definition. From 2008 all combustion installations irrespective of fuel and irrespec-
tive of the purpose of the combustion will be included.
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Production and processing of ferrous metals

The definition includes metal ore roasting or sintering installations, installations for
the production of pig iron or steel (primary or secondary fusion) including continu-
ous casting,.

In the production and processing of ferrous metals, the works are included in
the process until the continuous casting. The rolling mill is not included in the EU
ETS as part of an iron and steel plant, but from 2008 and onwards part of it can be
included as a combustion installation if the requirements for an Energy activity are
met.

Mineral industry

Installations for the production of cement clinker in rotary kilns or lime in rotary
kilns or other furnaces are included. Also included are installations for the manu-
facture of glass including glass fiber and installations for the manufacture of ce-
ramic products by firing.

Other activities
Industrial plants for the production of pulp from timber or other fibrous materials,
or for the production of paper and board.

MONITORING AND REPORTING

The emissions are reported yearly to the competent authority, the Swedish Envi-
ronmental Protection Agency, in March the year following the reporting year. Car-
bon dioxide is the only greenhouse gas included in the scheme in the first trading
period.

In the ETS, a yearly emission report is verified by an independent accredited
verification body. The verifier controls the emissions report, and secures that the
correct tiers, according to the ETS guidelines, are used and that the total emissions
figure is accurate.

Comparisons of data in the GHG inventory and EU ETS in Sweden

Ever since the Swedish national allocation plan was prepared in 2004, Sweden has
performed a number of studies to compare data in the both systems and improve
the greenhouse gas (GHG) inventory.?®* One result of the studies is that for a num-
ber of plants in the Energy and Industrial process sectors, data from the ETS is
used in the GHG inventory since it is convenient and since the quality is considered
higher than in data sources used in earlier submissions.

264 Nystrom, A-K (2007). Study of differences in plant data between the Energy Statistics and the EU
Emission Trading Scheme

Backman, H. and Gustafsson, T. (2006). Verification of activity data within the energy sector for the
reporting to the UNFCCC, EU Monitoring Mechanism, CLRTAP and the EU NEC Directive using data
from the EU Emission Trading Scheme. SMED-report.

Cooper, D. and Nystrém, A-K. (2005). Use of data from the EU emission trading scheme for reporting to
EU Monitoring Mechanism, UNFCCC and CLRTAP. SMED-report.

Gustafsson, T., Lidén, M. and Nystrom, A-K., (2005).

Ivarsson, A-K., Kumlin, A., Lidén, M. and Olsson, B. (2004). Dataunderlag for Sveriges nationella for-
delningsplan | EU:s system for handel med utslappsratter. SMED-report.
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In Sweden, emissions from the systems need to be compared on plant level and not
on a total or sector based level, since the ETS does not cover all plants in the GHG
inventory.

In 2006, a study on plants in the ETS Energy sector was performed based on
data from 2005. The 63 most emitting plants in the ETS in 2005, which accounted
for 75% of the CO2 emissions from all plants within the ETS were included in the
study. Activity data, thermal values and CO2 emission factors from the plants were
compared with the energy statistics and analyzed. The results show that for one
third of the plants, accounting for about 50% of the CO2 emissions of the 63 plants
investigated, no significant difference between the two data sources were identi-
fied. That is, the difference between the energy consumption in the ETS and QS
were lower than the reported uncertainty limits in the GHG inventory.

For about 20 of the remaining plants other explanations could be made that still
made the quarterly fuels statistics appropriate to use, such as that the fossil fuel
activity data in the quarterly fuel statistics was consistent with the time series,
while the data from the ETS showed large discrepancies. For the remaining plants
closer studies were made and for three plants (refineries) ETS data was recom-
mended as data source for the GHG inventory. For the other remaining plants a
number of reasons for the differences were identified, for instance the absence of
waste fuel in ETS data.

In 2007, a new study was performed based on data from 2006. The study fo-
cused on plants with the highest differences in the previous study and where suffi-
cient explanations for the differences was not found . Comparisons were made
between the ETS and the quarterly fuel statistics and showed that energy amounts
and emissions differed between the data sets in several cases. A difference of 17%
between the datasets was found when the fossil energy consumption was compared
for 19 plants included in the study. When waste was excluded the difference was
smaller. In the following text, some main conclusions are summarized, which will
explain differences between the data sets.

General differences
Not all of the plants in the GHG inventory are included in the ETS, due to the defi-
nitions used in ETS. For combustion plants for instance, only installations with a
rated thermal input exceeding a certain limit are included in ETS, but in GHG in-
ventories all plants are included.®

In the GHG inventory emissions are separated in Energy and Industrial process
emissions and into different sub-sectors (CRF codes). In the ETS, there is a similar
system but a number of plants that are reported in specific industrial CRF sectors in
the GHG inventory are included as a combustion installation in the ETS and are
hence included in the Energy sector. That is for instance the case for chemical
producers and pulp and paper producers. Some technical units in food industry and
engineering industry are also included in the ETS as combustion plants in the En-

ergy sector.

265 For further information of the completeness, see each sector chapter in the National Inventory

Report.
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Definitions of Energy and Industrial process emissions

When comparing data with emissions from the use of raw materials, the definitions
and the interpretation of the IPCC Guidelines results in different categorization of
energy and process related emissions in the both systems.

For instance emissions from catalytic cracking in oil refineries are reported as
process related in the ETS, while in the GHG inventory they are reported in the
Energy sector.

Primary iron and steel works calculate and report their emissions according to a
mass balance approach in the ETS, whereas in the GHG inventory emissions are
reported in several different sectors (CRF codes) in line with how the IPCC guide-
lines have been interpreted.

DIFFERENCES IN THE ENERGY SECTOR

Different certainty on plant level data

Data from Statistics Sweden's quarterly fuels statistics is used in the GHG inven-
tory in the Energy sector. Data is reported quarterly from the plants and might have
to be estimated if data is not available. ETS data on the other hand are reported
after the year ends for all sectors and is besides verified by an independent accred-
ited verification body.

Different aggregations of micro data in the Energy sector

The base for the quarterly fuel statistics survey, used for energy production plants
(CRF 1Ala), is not by plant, but by company and municipality. [dentifying energy
consumption and emissions for specific plants in that sector is therefore in some
cases not possible.

Only parts of plant included in the ETS

Combustion of municipal solid waste is not included in the ETS, while it is in the
GHG inventory. For instance, the most emitting plant within the Chemical indus-
tries sector (CRF 1Alc) is only partly included in the ETS in the first trading pe-
riod.

Emission factors and thermal values

In the ETS, the plants in some cases use plant specific emission factors and thermal
values, while in the GHG inventory, thermal values and CO2 emission factors are
in many cases general and yield good estimates on national level. Hence, they are
to some extent not representative on plant level.

Another smaller problem in the GHG inventory is that unconventional fuels are
grouped together into for instance “other non specific fuels” which leads to high
uncertainties on plant level since the emission factors are not specific for a certain
fuel. Besides, some of those unconventional fuels are incorrectly classified. In the
ETS some of these fuels are often partly biogenic and should hence be classified as
"Other biomass" in GHG inventory
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Annex 10
Units and Abbreviations

t

1 (metric) tonne = 1 megagram (Mg) = 10° g

toe tonne oil equivalent 1 toe =41.87 GJ

Mg 1 megagram = 10° g = 1 tonne

Gg 1 gigagram = 10° g = 1 kilotonne (kt)

Tg 1 teragram = 102 g = 1 megatonne (Mt)

TJ 1 terajoule

ARTEMIS Assessment and Reliability of Transport Emission
Models and Inventory Systems

AWMS Animal Waste Management System

C Carbon or Confidential

CH,4 Methane

EMIR Emissions database of the county administrative boards

CFCs Freons

CKD Cement kiln dust

CO Carbon monoxide

CO, Carbon dioxide

COP Conference Of the Parties

CORINAIR EMEP/CORINAIR Emission Inventory Guidebook

CRF Common Reporting Format

EC Environmental Class

EAA European Aluminium Association

EEA European Environment Agency

EF Emission Factors

EU European Union

EMV Emission Model for Road Traffic

ETS European Union Emission Trading Scheme

FAME Fatty Acid Methyl Ester (earlier called RME)

F-gases Fluorinated gases (HFCs, PFCs, SFy)

FMV Swedish Defence Material Administration

FOD model IPCC First Order Decay model

FOI Swedish Defence Research Agency

FORTV Swedish Fortification Department

FRA National Defence Radio Institute

FTP Federal Test Procedure

GHG Greenhouse gases

Good Practice Guidance

IPCC Good Practice Guidance and Uncertainty
Managment in National Greenhouse Gas Inventories
IPCC NGGIP

GWP Global Warming Potential
Halocarbons Organic compunds containing one or more halogens
HFCs Hydrofluorcarbons
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IE

IEF

Industrial statistics
IPCC

IPCC Guidelines

IVL
Jernkontoret
Keml
LPG
LTO
LUCF
LULUCF
MSW
N,O

NAP

NA

NBF

NE

NFI

NIR
NMVOC
NO

NOx
NSFSV
MTC

O;

PFCs
QA/QC
Quarterly statistics
RME
RVF
SCAA
SFs

SGU

SIV

SLU
SMED
SMHI
SNRA
SO,

SPI
Swedish EPA
UNFCCC
VETO
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Included Elsewhere

Implied Emission Factors

Industrial energy statistics
Intergovernmental Panel on Climate Change

Revised 1996 Guidelines for National Greenhouse Gas

Inventories

Swedish Environmental Research Institute AB
Swedish Steel Producers’ Association

The Swedish Chemicals Inspectorate
Liquified Petroleum Gas

Landing and Take-Off

Land-use change and forestry

Land-use, land-use change and forestry
Municipal solid waste

Nitrous oxide

Swedish national allocation plan

Not Applicable

National Board of Forestry

Not Estimated

National Forest Inventory

National Inventory Report

Non methane volatile organic compounds
Not Occuring

Nitrogen oxides

National Survey of Forest Soils and Vegetation
Motor Test Center

Ozone

Perfluorocarbons

Quality assurance and Quality control
Quarterly fuel statistics

Rapeseed Methyl Ester fuel

Swedish Association of Waste Management
Swedish Civil Aviation Authority

Sulphur hexafluoride

Geological Survey of Sweden

Swedish Board of Agriculture

Swedish University of Agricultural Sciences
Swedish Environmental Emissions Data

Swedish Meteorological and Hydrological Institute

Swedish National Road Administration
Sulphur dioxide

Swedish Petroleum Institute

Swedish Environmental Protection Agency
United Nations Convention on Climate Change

Mechanistic model for simulations on road traffic
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VTI Swedish Road- and Transport Research Institute
WBCSD World Business Council for Sustainable Development
WRI World Resource Institute
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Legal entities authorised to participate in CDM

Description of legal entities authorised to participate in mechanisms under Article 12 of the Kyoto Protocol. The list includes approved Swedish

projects until the 28" of October 2007.

Date for LoA Project Title Project Participant Host Emission | Registration
decision Country | reductions | reference
1 2005-05-25 18 MW Biomass Power Project in Swedish Energy Agency India 66 24 Dec 2005
Tamilnadu, India" SICLIP 821/year | Refnr 0111
2 2005-09-20 Moema Bagasse Cogeneration Project Swedish Energy Agency Brazil 13 9 Mar 2006
(MBCP) SICLIP 13%year | Refnr0190
3 2005-09-20 Santa Elisa Bagasse Cogeneration Swedish Energy Agency Brazil 45 20 Feb 2006
Project (SEBCP) SICLIP 801year | Refnr 0178
4 2005-09-20 Wale do Rosario Bagasse Cogeneration Swedish Energy Agency Brazil 25 3 Mar 2006
(VRBC) SICLIP 27 Tlyear | Refnr0199
5 2006-02-06 Gnd con_nected_ bagasse based Carbon Asset Services AB, India 63 6 Mar 2006
cogeneration project of Ugar Sugar Tekniska varken i Linképing 934/year | Refnr0189
Works Limited (USWL)
B 2006-02-25 Electricity Generation at 8§ MW Captive Carbon Asset Services AB India B2 29 Sep 2006
Power Plant Using Enthalpy of Flue 958fvear | Ref nr 0427
Gases from Blast Furnance Operation of
Kalyani Steels Limited in Kamataka state
of India
7 2006-02-28 Sri Balaji 6 MW MNon-conventional Carbon Asset Services AB India 28 21 May 2008
Renewable sources Biomass Power 5900vear | Ref nr 0362
Project
8 2006-02-28 Vajra and Chaskaman Small Hydro Carbon Asset Services AB India 19 15 May 2006
Projects of Vindhyachal Hydro Fower 132/year | Refnr 0273
Ltd., Maharashtra, India
9 2006-08-27 Northwind Wind Bangui Bay The International Bank for Republic 56 9 Sep 2006
Reconstruction and of the 788lyear | Refnr 0453
Development (Trustee of | Philippines
Prototype Carbon Fund)
10 | 2006-06-27 Indocement Alternative Fuels The International Bank for Republic 27 28 Sep 2006
Reconstruction and of 383lyear | Refnr0493
Development (Trustee of Indonesia
Prototype Carbon Fund)
11 | 2006-06-27 Indocement Blended Cement The International Bank for Republic 26 Oct 2006
Reconstruction and of Ref nr 0526
Development (Trustee of Indonesia
Prototype Carbon Fund)
12 | 2006-06-27 Alta Mogiana Bagasse Cogeneration The International Bank for Brazil 12 20 Feb 2006
Reconstruction and 024/year | Refnr 0181
Development (Trustee of
Prototype Carbon Fund)
13 | 2006-06-27 Cote Small-scale Hydropower Plan The International Bank for | Costa Rica | 6 431/year | 3 Mar 2006
Reconstruction and Ref nr 0251
Development (Trustee of
Prototype Carbon Fund)
14 | 2006-06-27 Jepirachi Wind Power The International Bank for | Colombia 18 1 Apr 2006
Reconstruction and 028/vear | Refnr0194
Development (Trustee of
Prototype Carbon Fund)
15 | 2006-05-29 Indur 7.5 MW Mon-Conventicnal Carbon Asset Services AB India 35 10 jun 2006
Renewable Sources Biomass Power 16lyear | Refnr 0391

Project
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16 | 2006-06-29 Perpetual 7.5 MW Non-Conventional Carbon Asset Services AB India 20 16 jun 2006
Renewable Sources Biomass Power 332lyear | Refnr 0390
Project
17 | 2006-07-26 Liacning Kangping 24.63 Wind-farm Carbon Asset Management China 42 Ref 0537
Project AB 328Mear
18 | 2006-07-26 Liaoning Zhangwu 24.63 Wind-farm Carbon Asset Management China 35 Ref 0539
Project AB 119year
19 | 2006-08-22 SIDPL Methane Extraction and Power Carbon Asset Services AB India 31 3 Sep 2006
Generation Project 966/vear | Ref 0498
20 | 2006-08-22 SESL & MW Municipal Solid Waste Carbon Asset Services AB India
based Power Project Vijayawada Andrha
Pradesh
21 | 200e-08-22 Shalivana Non-Conventional Renewable | Carbon Asset Services AB India 20
Sources Biomass Project 852/year
22 | 2006-08-22 SRGEL Meon-Conventional Renewable Carbon Asset Services AB India 20 23 Sep 2006-
Sources Biomass Power Project 806/year | 09-19 Ref nr
0546
23 | 2006-08-24 Process Waste Heat utilization for power Carbon Asset Services India 45 29 May 2006
generation at Phillips Carbon Black Sweden AB T21lyear | Ref nr 0309
Limited, Gujarat
24 | 2006-08-24 Waste heat based 7 MW Captive Power Carbon Asset Services India 17 16 April 2006
Project Godawari Power and |spat Ltd Sweden AB 82%year | Refnr 0264
(GPIL)
25 | 2006-08-24 Project for HFC23 Decomposition at The International Bank for China 10 437 8 Aug 2006
Changshu 3F Zhonghao New Chemical Reconstruction and 249ear | Ref nr 0306
Materials Co. Ltd, Changshu, Jiangsu | Development (Trustee of the
Pravince First Tranche of the
Umbrella Carbon Facility)
26 | 2006-08-24 Moldava Soil Preservation Project The International Bank for Maldava
Reconstruction and
Development (Trustee of
Prototype Carbon Fund)
27 | 2006-09-12 Xiaogushan Hydropower The International Bank for China 312 11 Aug 2006
Reconstruction and 891/year | Refnr 0378
Development (Trustee of
Prototype Carbon Fund)
28 | 2006-09-12 El Canada The International Bank for | Guatemala 11 Ref nr 0606
Reconstruction and 8527/ ear
Development (Trustee of
Prototype Carbon Fund)
29 | 2006-09-12 GHG Emission Reduction by Thermal The International Bank for China 84 11432 | 4 Jun 2006
Oxidation of HFC23 in Jiangsu Meilan Reconstruction and Ref nr 0011
Chemical CO. Ltd.. Jiangsu Province, Development (Trustee of
China Prototype Carbon Fund)
30 | 2006-10-02 Inner Mongolia 100 MW Huitengxile The International Bank for China
Wind Farm Reconstruction and
Development (Trustee of
Prototype Carbon Fund)
31 | 2006-10-09 Nova Ameérica Bagasse Cogeneration Nynas Refining AB Brazil 12 20 Feb 2006
Project (NABCP) 027/year | Refnro173
32 | 2008-10-10 La Esperanza Hydroglectric Project Gateborg Energl AB Guatemala ar 19 Aug 2005
032fyear | Ref nr 0009
33 | 2006-10-10 Santa Rosa Gateborg Energi AB Peru 13 23 Oct 2005
B45lyear | Ref nr 0088
34 | 2008-10-10 Biogas Support Program - Mepal (BSP- Gateborg Energi AB Nepal 46 27 Dec 2005
Nepal) Activity-1 490/year | Refnr0136
35 | 2006-10-10 Biogas Support Program - Mepal (BSP- Gateborg Energi AB Nepal 46 27 Dec 2005
Nepal) Activity-2 893/year | Refnr0139
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36 | 2008-10-10 Olavarria Landfill Gas Recavery Project Gateborg Energl AB Argentina 18 06 Jan 2006
B88/year | Refnr 0140
a7 2006-10-10 Moldova Biomass Heating in Rural Gdteborg Energi AB Maldova 17 20 Jan 2006
Communities 888/year | Refnr0159
38 | 2008-10-10 Moldova Biomass Heating in Rural Géteborg Energi AB Moldova 17 20 Jan 2006
Communities 2 888/year | Refnr 0160
38 | 2006-10-10 KMS Power 6 MW Renawable Sources Carbon Asset Services India 16 4 Jun 2006
Biomass Power Project Sweden AB 266/year | Refnr 0374
40 | 2006-11-28 6.5 MW Waste Heat Recovery Projectin | Carbon Asset Management China 39
Huasheng Tianya Cement Co.Ltd Sweden AB 38T year
41 | 2006-11-28 Guangrun Hydropower Project in Hubei Géteborg Energi China 78
Province 048/year
42 | 2006-12-04 Bundled Wind Power Project in Tamil Carbon Asset Services India
Madu, India, Co-crdinated by Tamil Nadu Sweden AB
Spinning Mills Assaciation (TASMA)
43 | 2007-01-16 Gansu Qilianshan Cement 6000 KW SICLIP China 27
Waste Heat Recovery 158/year
44 | 2007-01-16 Gansu Datang Yumen 49.3 MW Wind SICLIP China 97
Power Project 002fyear
45 | 2007-01-16 Switching of fuel from naphtha to natural | Carbon Asset Services AB India 99 29 Sep 2006
gas in the captive power plant (CPP) at 462fyear | Refnr 0494
Dahej complex of Gujarat Alkalies and
Chemicals Limited
46 | 2007-01-16 Colembo Bagasse Cogeneration Project | ABN AMRO Bank Londen Brazil 28 3 Mar 2008
Branch NV 018/year | Refnr0180
47 | 2007-02-27 26 MW Biomass (Cogeneration) based Carbon Asset Services AB India 40 28 December
Power Generation Project Activity 246/year | 2006
Ref nr 0846
43 | 2007-04-17 Moldava Energy Conservation and Gateborg Energl Maldava 11 8 December
Greenhouse Gases Emissions Reduciton 57B/year | 2005
Project Refnr 0173
45 | 2007-04-25 NSL 27.65 MW Wind Power Project in Carbon Asset Services AB India 57 12 February
Kamnataka, India 248/year | 2007
Ref nr 0958
50 | 2007-06-26 Ningxia Shapotou Hydropower of Yellow | Carbon Asset Management China 45
River Sweden AB 2192fyear
51 2007-06-26 China Guanmenyan Hydropower Carbon Asset Management China 84
Sweden AB 868/year
52 | 2007-05-25 China Chalinhe Hydropower Carbon Asset Management China 233
Sweden AB 000/year
53 | 2007-05-26 China Ganluo Kaijiangiac Hydropower | Carbon Asset Management China 214
Sweden AB 000/year
54 | 2007-09-18 Jiuwxizohe and Sanhskou Small Carbon Asset Management China 50
Hydroglectric Bundle Project Sweden AB 000/year
55 | 2007-05-28 Mingxia Yinyi 49.50 MW Wind Farm Carbon Asset Management China 98
Projectr Sweden AB 282/year
56 | 2007-05-26 Waste Gases utilization for Combined Carbon Asset Management China 665
Cycle Power Plant in Handan Iren and Sweden AB B4 year
Steel Group
57 | 2007-07-09 Power Generation (200MW) by utilizing Carbon Asset Management China 67
Coke Oven Gas of China Coal and Coke Sweden AB 000/year
Jiuxin Limited in Linshi, Shanxi, P.R.
China
58 | 2007-07-09 Maocaoping 8 MW Small Hydropower | Carben Asset Management China 24
Project in Yunnan Provines Sweden AB 196/ year
59 | 2007-07-09 Zhongzhou 16.5 MW Hydropower Project | Carbon Asset Management China 52
Sweden AB 323lyear
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60 | 2007-08-02 China Yuliangwan Small Hydropower Carbon Asset Management China 30
Project Sweden AB 845/year
61 | 2007-08-02 Pihe 9.6MW Small Hydropower Project in | Carbon Asset Management China 32
Yunnan Province Sweden AB 177 lyear
62 | 2007-08-02 Yichang Yihua Waste Heat Recovery Carben Asset Management China 195
and Utilizatien Project Sweden AB 034/year
63 | 2007-08-02 Pushihe Erji 10 MW Small Hydropower | Carbon Asset Management China 31
Project in Yunnan Province Sweden AB 33Blyear
B4 | 2007-08-02 Aluhe 12.6 MW Small Hydropower Carben Asset Management China 36
Project in Yunnan Province Sweden AB 958fyear
65 | 2007-08-02 SRGEL Non-Conventional Energy Svenska Cellulosa AB India 20 23 Sep 2006
Sources Biomass Power Project 806/year | Refnr 0546
66 | 2007-08-02 Grid-connected bagasse based Svenska Cellulosa AB India 63 6 Mar 2006
cageneration of Ugar Sugar works Ltd 934/year | Refnr 0189
67 | 2007-08-02 Shalivahana Non-conventional Svenska Cellulosa AB India 23 Ref nr 0591
Renewable Sources Biomass Power 121/year
Project
68 | 2007-08-06 China Changniping Hydropower Project | Carbon Asset Management China 7
Sweden AB A44)year
69 | 2007-08-06 China Shangbao Small Hydropower Carbon Asset Management China 56
Project Sweden AB 383/year
70 | 2007-08-06 Mujiajia Yuji 18.9MW Hydropower Carbon Asset Management China 56
Sweden AB 3 3lyear
7 2007-08-06 Mujiajia Erji 10MW Small Hydropower Carbon Asset Management China 30
Project in Yunnan Province Sweden AB 356/year
72 | 2007-08-06 Lishiluo Enji 6 AMW Small Hydropower | Carben Asset Management China 17
Project in Yunnan Province Sweden AB 124fyear
73 | 2007-08-06 Chuandongxia Small Hydropower Project | Carbon Asset Management China 20
Sweden AB 530fyear
74 | 2007-08-06 Bapan 12. 7MW Hydropower Project Carben Asset Management China 34
Sweden AB 759 year
75 | 2007-08-06 Hunan Yanling Bundled Hydropower Carben Asset Management China 40
Praject Sweden AB 086/year
76 | 2007-08-13 Hebei Quzhai Cement 9000kW Waste | Carbon Asset Management China 52
Heat Recovery Project Sweden AB B878/year
77 | 2007-09-04 China Xinhuan Xincun Small Hydropower | Carbon Asset Management China 19
Project Sweden AB 519/year
78 | 2007-09-04 China Tongwan Hydropower Project Carben Asset Management China 593
Sweden AB 000fyear
79 | 2007-09-04 Qinghai Jinshaxia TOMW Hydropowsr Carben Asset Management China 208
Praject Sweden AB 345fyear
80 | 2007-09-04 Qinghai Qinggangxia 43.8MW Carben Asset Management China 147
Hydropower Project Sweden AB 982fyear
81 | 2007-09-1 Pingyuan Tongli WHR Project Carben Asset Management China 53
Sweden AB 375lyear
82 | 2007-09-1 Huanghe Tongli WHR Project Carben Asset Management China 53
Sweden AB 375fyearc
83 | 2007-09-11 Yuhe Tongli WHR Project Carben Asset Management China 106
Sweden AB TADlyear
84 | 2007-09-11 Yulong Tongli WHR Project Carben Asset Management China 53
Sweden AB 375/year
85 | 2007-09-18 Wuya River Small-scale Hydropower Carben Asset Management China 34
Plant Project Sweden AB EATyear
86 | 2007-09-18 Suleiba 14.8MW Small Hydropower Carben Asset Management China 48
Project in Guangdong Sweden AB 22year
87 | 2007-10-02 Liuyang Shuangjiangkou, Renzigiac and | Carbon Asset Management China 26
Hedong 6.4MW Bundled Hydropower Sweden AB 183/year
Project
88 | 2007-10-02 Yuexi Dayan Small Hydropower Project | Carbon Asset Management China 49
Sweden AB 113/year
89 | 2007-10-02 China Yanzhou Hydropower Expanded | Carbon Asset Management China 58
Project Sweden AB AT6lyear
90 | 2007-10-02 Jiangsu Huaerrun WHR Project Carbon Asset Management China 31
Sweden AB T15/year
91 2007-10-02 China Tuanjie Small Rundle Hydropower | Carbon Asset Management China 24
Project Sweden AB 004/year
92 | 2007-10-18 China Wuyahe Small Hydropower Carben Asset Management China |34 547/year
Project Sweden AB
93 | 2007-10-18 Suleiba 14.5 MW Small Hydropower in | Carbon Asset Management China |48 221/year
Guangdong Province Sweden AB
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Annex 12

Information from the national registry - according to the EC implementation legislation Decision 280/2004 Art.

Reporting under Article 3{1) h of Decision No

280/2004/EC

There are no provisions in Swedish law on which kyoto unit fypes legal entities are authorised to hold in the Swedish National Registry.

Table 1. Total quantities of Kyoto Protocol units by account type at beginning of reported year

Account type

AAUSs ERUs

RMUs

Unit type

CERs tCERs ICERs

Party helding accounts

Entity holding accounts

Article 3.3/3.4 net source cancellation accounts
Non-compliance cancellation accounts

‘Other cancellation accounts

Retirement account

tCER replacement account for expiry

CER replacement account for expiry

CER replacement account for reversal in storage
CER reglacement account for non-submission of certification report

Total

=] [ e e e R e e e |
(=] [ R e e - e e e |

[me] Limmc s o o e O e o o |
[ e e e e e e R e e e

Tahle 2 (a). Annual internal transactions

Transaction type

Additions
Unit type
AAUs ERUs RMUs CERs tCERs ICERs

Article & issuance and conversion
Party-verified projects
Independently verifed projects

Subtractions
Unit type

AAls ERUs RMUs CERs tCERs ICERs

[=]

Article 3.3 and 3.4 issuance or cancellation
2.2 Afforestation and reforestation

2.2 Deforestation

2.4 Forest management

3.4 Cropland managemsant

3.4 Grazing land management

2.4 Revegetation

[ = R = = =]

== = R = T I
[T s e e Y
L= = R = R = R = I ]

Article 12 afforestation and reforestation
Replacement of expired tCERS
Replacement of expired ICERSs
Replacement for reversal of storage
Replacement for non-submission of
certification report

[=]

(Other cancellation

Sub-total

Retirement

Unit type

Transaction Type

AAUs ERUs RMUs CERs tCERs ICERs

Retirement

0 a a 1]

Table 2 (b). Annual exiernal fransactions

Additions
Unit type
AAlls ERUs RMUs CERs tCERs ICERs

Subtractions
Unit type
AAlls ERUs RMUs CERs tCERs ICERs

Transters and acquisitions

U [1] [8] ] [4] U

[4] 1] [8] ] ] 4]

Sub-total

4 [1] [1] U [4] 4]

[4] U [1] U U 4

Additional information

JIndependantly VETTED ERUS

Table 2 (). Total annual tfransactions

JTotal {Sum of tables 2 (&) and 2 (b))
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Table 2 (k). Annual external transactions

Additions Subtractions
Unit type Unit type
|JAALs ERUs RMUs CERs tCERs ICERsJAAUs ERUs RMUs CERs tCERs ICERs
[Transfers and acquisimons )] [1] [1] [ [4] U] [4] [1] [1] 1] [ [1]
Sub-total [1] [1] [1] 0 [1] [4] [1] [1] [1] [4] 0 [1]

Additional information

| nﬂepenﬂenf M VETTIED LTS

Table 2 (c). Total annual transactions

JTatal (Sum of tables 2 {a) and .2 (b)) | | )] [1] [1] [ [i] ] [4] [i] [1] 1] [ 1] |
Tahle 3. Expiry, cancellation and replacement
Replacement

Expiry, cancellation

and requirement to

replace

Unit type Unit type
Transaction or event type CERs ICERs AAUs ERUs RMUs CERs tCERs ICERS

Temporary CERs (tCERS)
Expired in retirement and replacement accounts
Replacement of expired tCERs

Expired in holding accounts

Cancellation of i1CERs expired in holding accounts
ong-term EHs)

Expired in retirement and replacement accounts

Replacement of expirad ICERs

Expired in holding accounts

(Cancellation of ICERS expired in holding accounts

Subject to replacement for reversal of storage

Replacement for reversal of storage

Subject to replacement for non-submission of certification report

Replacemeant for non-submission of certification report

Total

Tahle 4. Total quantities of Kyoto Protocol units by account type at end of reported year

Account type Alls ERUs

Unit type

RMUs CERs tCERs  ICERs

Party holding accounts

Entity holding accounts

Arficle 3.3/2.4 net source cancellation accounts

Mon-compliance cancellation accounts

(Other cancellation accounts

Refirement account

{CER replacement account for expiry

ICER replacement account for expiry

ICER replacement account for reversal in storage

ICER replacement account for non-submission of cerfification report

U
0

Hooooooooo o

I Total

[ o R e e e e e e e
s, [ R e o e e e e e
[ el e e e s
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Table & {a). Summary information on additions and subtractions

Additions Subtractions
Unit type Unit type
Starting values AAUs ERUs RMUs CERs tCERs ICERsJAAUs ERUs RMUs CERs tCERs ICERs
Issuance pursuant to Article 3.7 and 3.8 [1]
MWon-compliance cancellation 0 D 0 0
(Carry-aver 0 ] 0
sub-total [1] ] 1] U 1] ] 1]
Annual transactions 0 [1] [1] [1] 0 0 0 0 [1] 0 0 0
ear 0 (2007) 0 0 0] 0 0 0 0 0 0 0 0 0
Year 1(2008) 0 0 0 0 0 0l 0 0 0 0 0 0
Year 2 (2009) 0 ] 0 0 0 0l 0 0 0 0 0 0l
Year 2 (2010) 0 0 0 0 0 0 0 0 0 0 0 0l
Year 4 (2011) 0 0 0 0 0 0| 0 0 0 0 0 0l
Year 5(2012) 0 0 0] 0 0 0 0 0 0 0 0 0l
Year 6 (2013) 0 0 0] 0 0 0 0 0 0 0 0 0l
Year 7 (2014) 0 0 0 0 0 0 0 0 0 0 0 0l
ear 3 (2015) 0 0 0 0 0 0 0 0 0 0 0 0
Sub-total [1] i] i] i] ] [8] U ] i] 1] 1] [8]
Total [1] ] 1] 1] 1] [8] U 1] ] 1] 1] 8]
Tahle 5 (b). Summary information on replacement
Requirement for
replacement Replacement
Unit type Unit type
tCERs ICERs AALs ERUs RMUs CERs tCERs ICERs
Previous CP i 1] [4] i 1]
ear 1 (2008) y | 0 i ] T T
‘Year 2 (2009) 0 0 0 0 0 0 0
Year 3 (2010) 0 0 0 0 0 0 0
‘Year 4 (2011) 0 0 0 0 i 0 0
‘Year 5 (2012) 0 0 0 0 0 0 0
‘Year 6 (2013) 0 0 0 0 0 0 0 0
Year 7 (2014) 0 0 0 0 0 0 0 0
‘Year 8 (2015) 0 { 0 0 1] 0 0 0
Total ] i | 3 ] 0 U 1

Table 5 {c). Summary information on retirement

Retirement
Unit type
Year AAls ERUs RMLs CERs tCERs ICERs

[ear 1(2008) 0 0 0 0 0 0
Year 2 (2009) 0 0 i a ) 0
Year 3 (2010) a0 0 0 0 0 0
Year 4 (2011) a0 0 0 0 0 0
Year 5 (2012) 0 0 i a ) 0
Year 6 (2013) ] 0 0 ) ) 0
Year T (2014) a0 0 ] a 0 0
Year 3 (2015) ] ] 1] a 0 ]
 lotal |

Tahble & (a). Memo item: Carreclive fransaclions relaling to additions and subtractions

Additions Subtractions
Unit type Unit type
AAUS ERUs RMUs CERs tCERs ICERs AAUs ERUs RMUs CERs tCERs ICERs
[Transacions 0 1y 0 [\ 1 0 1y 0 [\ 1 0 0
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Tahle & (b). Memo item: Corrective fransactions ralating to replacement

REqUITEMmENt 107

replacement Replacement

Unit type Unit type
tCERs ICERs JAAUs  ERUs RMUs CERs tCERs ICERs
Transactons [i] ] i] [i] [ i
Tahle 6 (c). Memo item: Comective transactions relating to retirement
Retirement
Unit type
AAlls ERUs RMUs CERs tCERs ICERSs
raNsacuons 0 0 1] 0 0
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Legal entities authorised to participate in Joint implementation

Description of legal entities authorised to participate in mechanisms under Article of the Kyoto Protocol. The list includes approved Swedish
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projects until the 28% of October 2007.

Date for LoA Project Title Project Participant Host Country Average Emission
decision Reductions
2005-09-23 Colterm District Heating Swedish Energy Agency | Romania M 6711C02e pa
1 Company’s Joint SICLIP
Implementation Project
2006-02-06 Wira Migula Wind Farm Swedish Energy Agency | Estonia 66 748 tC0O2e pa
2 SICLIP
2007-02-27 Wira Nigula Wind Farm Nordic Environment Estonia 66 748 tC0O2e pa
3 Finance Corporation
2007-02-27 Yanakila Wind Power JI Nordic Environment Estonia 25397 tCOZe pa
4 Project Finance Corporation
2007-05-22 Benaiciai Wind Power Nordic Environment Lithuania 26 172 tC0O2e pa
5 Project Finance Corporation
2007-05-26 Lapes Landfill Gas Utilisation | Nordic Environment Lithuania 334311C02%e pa
6 and Energy Generation Finance Corporation
7 2007-10-23 Waste Coke Oven Gas Nordic Environment Russia 70 8111 tCO2e pa
Utilization at 000 PO Finance Corporation
Khirprom, Kemerovo,
Russia
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