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Pref ace

Accordingto 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 he Montreal Protocol.

The National Inventory Report (NIR) for the yef122 (submission 2024) is prepared in
accordance with the Reporting Guidelines agreed by the UNFCCC on its nineteenth
session of the Conference of the Parties (COP) in Warsaw 2013 and subsequent
decisionslt contains national greenhouse gas inventories for the period 1990 to 2022
and descriptions of methods used to produce the estiri@iesombined effect of

various greenhouse gases has been calculated using global warming potential factors from
the FifthAssessment report of the IPCC (GWP ARB)e methods used to calculate
emissions and removals are in accordance with the IPCC 2006 Guidelines for National
Greenhouse Gas Inventori@919 Refinement to the 2006 IPCC Guidelines for National
Greenhouse Gas Inventoriesid the IPCC supplementary guidelines for WetlaB684 3
Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas Invgntories

This inventory is coordinated by the Swedish Environmental Protection Agency, on

behalf of the Swedishlinistry of Climate and Enterprise

Bjorn Risinger
DirectorGeneral, Swedish Environmental Protection Agency
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Sammanfattning
S 1. Bakgrund

Vaxthusgasehar alltid funnits i atmosfaren, men pa grund av mansklig aktivitet har
koncentrationen av manga av dem okat, vilket intensifierar vaxthuseffé@s.
bildadesFN:sklimatpanel (Intergovernmental Panel on Climate ChangeCC). Tva ar
senare konstaterade panelen att antropogen klimatpaverkaretitglobalt hot och
efterfragade en internationell 6verenskommelse for att hantera problemet. FN:s
generalforsamling inledde forhandlingar om en ramkonvention kring klimatférandringar
(United Nations Framewor&onvention on Climate Chang&NFCCC), vilken tradde i

kraft 1994. Det langsiktiga malet ar att stabilisera halterna av vaxthusgaser i atmosfaren
pa en niva som forhindrar skadliga antropogena kfiiné@ndringar fran att aga rum.

Det viktigaste tillagget till konventionen forhandlades fram i Paris hosten 2015 da
varldens lander enades om ett globalt klimatavtal. Parisavtalets mal ar att halla 6kningen
av den globala medeltemperaturenvill undertva grader och atitrava eftemtt

begréansa temperaturdokningen till 1,5 grader. Inom avtalet har alla lander lagt ett nationellt
faststallt bidrag till att na avtalets mal. Ambitionen i bidragen ska skarpas successivt samt
fornyas eller uppdateras vart femte ar. Sveriges bidrag iftfidusibidrag om att minska
nettoutslappen av vaxthusgaser inom unionen med mifstib2030 jamfort med

1990.En global 6versyn for att folja upp framstegen mot avtalets mal sker vart femte ar,
fran och med 2023. Principer for uppféljning och rapportering av parternas nationellt
faststallda bidrag etablerades i Paris. Bara knappt ett ar efter Paris hade gtlradkiga

parter ratificerat Parisavtalet for att det skulle kunna tréada i kraft. Regelboken for hur
Parisavtalets olika delar ska tillampas ikgileen, inklusive nya riktlinjer for hur bidragen

ska foljas upp och parternas rapportering, beslutades vid COP24 i Katowice samt vid
COP26 i Glasgow. Det innebar att det for forsta gangen finns en gemensam uppsattning
rapporteringsriktlinjer for uppfoljmig och rapportering for alla lander. Forsta

rapporteringen under Parisavtalet sker 2024.

Innan Parisavtalet traddl&raft var Kyotoprotokollet det viktigaste tillagget till

konventionen. Kyotoprotokollet férhandlades fram ar 1997 i Kyoto, Japan och tradde i
kraft 2005. Kyotoprotokollet innebar bindande ataganden, for utvecklade lander (Annex

) forutom USA. Kyotoprotokollehar haft tva atagandeperioden 2008 till 2012 och 2013

till och med 2020. Skillnaden mellan Parisavtalet och Kyotoprotokollet ar att alla parter

till Parisavtalet anger ett nationellt faststéllt bidrag som definierats sanpsjélv och

som ska uppdateras éver tid. Kyotoprotokollets ataganden gallde bara de rikaste landerna
och faststélldes genom férhandlingar.

Kyotoprotokollets ataganden galler minskade utslapp av vaxthusgaser fran Annex |
parterna om minst 5% under ar2008 2012jamfort med basaret 1990. Under forsta
atagandeperioden under Kyotoprotokollet atog sig EU att gemensamt minska utslappen
med 8% i forhallande till 1990 (utom for fluorerade vaxthusgaser dar basaret ar 1995).
2012 beslutade parterna under Kyotoprotokaliaten andra atagandeperiod (2013 till

och med 2020) i enlighet med Dohaandringen av Kyototprotokollet 1/CMP.8. Under
denna atagandeped har EU tillsammans med Island atagit sig att minska
vaxthusgasutslappen till 2020 med 20% i forhallande till basaret 1990. Sveriges atagande
inom EU &r att minska vara nationella utslapp med 17% till 2020 jamfort med 2005 inom



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2024

de sektorer som inte ingar i EU:s system for handel med utslappsratter. 2022 levererade
Annex-1 parter med ett atagande den sista vaxthusgasinventeringen med de siffror som
sedan ligger till grund for bokféring och avraknitinder hosten 2022 skedde den

slutliga granskningen av underlaget. Under 2023 skslitleggafullgérandet och Annex

il parter med ett -t aegendderh aord rrepmparttoer &EtU
medlemslanderna har klarat sitt atagande om att minska utslappen med 20% jamfér med
1990.

Enligt FN:s klimatkonventions fjarde och tolfte artiklar ska Anngaiterna arligen
rapportera sina utslapp fran kallor och upptag i sankor for alla vaxthusgaser som inte
omfattas av Montrealprotokollet. Sveriges nationella inventeringsrapport (National
Inventory Report NIR) for ar 2024 utgor den arliga rapporteringen enligt FN:s
klimatkonvention och Parisavtalet. Rapporten har forberetts utifran de riktlinjer som FN:s
klimatkonvention antog vid dess nittonde konferens (Conference of the Patii@3 D)

i Warszawa 2013 samt foljande beslut under Parisavtalet. Rapporten innehaller den
nationella vaxthusgasinventeringen for perioden 1990 till 2022 samt beskrivningar av
metoderna som anvants for att ta fram statistiken. Metoderna som anvants féljer FN:s
klimatpanels riktlinjer for nationell vaxthusgasinventering fran 2006, IPCC:s
tillaggsriktlinjer for vatmarker samt de uppdaterade 2006 riktlinjerna fran.2019
Vaxthusgasinventeringen ar densamma som rapporteras till EU under
Styrningsfoérordningen (2018/198EG) och som ligger till grund for uppféljning emot
Sveriges atagande under EU:s klimatpaket, Fit for 55.

Rapporten omfattar utslapp till luft av de direkta vaxthusgaserna@d, N.O, HFC,

PFC, Sk och NF; samt de indirekta vaxthusgaserna, NGO, NMVOC och S@

Rapporten innehaller information om Sveriges inventering av vaxthusgaser for alla ar fran
1990 till 2022, inklusive beskrivningar av metoder, datakallor, osékerheter, utférd
kvalitetssakring och kvalitetsstyrning (QA/QC) samt en trendanalys.

Vid en intern dversyn 201@pptacktes att en utbkad sekrekdsssningvar nddvéandig
jamfért med tidigare rapporteringtir att foljaden svenskaftentlighets och
sekretesslageetta har paverkamnderlagsdatavissa undersektorgitl stationar
forbranning CRT 1) ochi industriprocesser och produktanvandni@R{ 2). Dessa har
darforblivit klassificerade med sekretesskod (C). Sveadmtar aktivt foatt forbattra
transparensenrapporteringnoch stravaefter attminimerasekretessklassningen av
informationi inventeringen

Elektroniska utsléppsdata, aktivitetsdata samt emissionsfaktorer bifogas rapporten i det
gemensamma rapporteringsformat@oihmon Reporting TablésCRT), pa FN:s
klimatkonventions begaran.

Den 26 september 2022 upptacktes lackor i Nord Stgastedningarna i Ostersjon.
Gasledningssystemet bestar av tva parallella ledningar som korsar Ostersjon. Utslappen
fran gaslackorna intraffade i internationellt vatten, delvis tackt av Sveriges egklusiv
ekonomiska zon (EEZ), utanfor Sveriges territorialhav. Ingen av ledningarna gar in pa
svenskt nationellt territoriunNaturvardsverket har genomfort en rattslig utredning om
utslappen ska ska inkluderas i Sveriges inventering av vaxthusgassammantning

av den rattsliga utredningéinnsi avsnitt1.1.3

1C
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S 2. Oversikt av utslapps- och upptagstrender per
gas

Detotala utslappen av vaxthusgaser i Sverige var 45,2 miljoner ton koldioxidekvivalenter
ar 2022(exklusive LULUCH (Tabell S.1 och Tabell S.2). Jamfort med 2021 &r det en
minskning med cirka 5%. Utsléappen har minskat med 37% mellan 1990 och 2022. Nedan
beskrivs forst utslappstrender per gas jaAmfort med totalen (exklusive LULUCF) foljt av
korta beskrivningar av trendémom LULUCF.

De totala utslappen av koldioxid (@@2022 var 36,2 miljoner ton vilket motsvarar cirka

80% av de totala utslappen av vaxthusgaser. Energisektorn, inklusive transporter, stod for
83% av de totala koldioxidutslappen och ar darmed den storsta kallan till

koldioxidutslapp i Sverige. Utslappen av koldioxid 2022 var 37% lagre an 1990 och 6%
lagre an 2021.

Utslappen av metan (GHvar 4,5 miljoner ton koldioxidekvivalenter ar 2022 vilket
motsvarar knappt 10% av de totala utsl&ppen av vaxthusgaser. Metanutslapp kommer
framfor allt fran jordbruket, avfallsdeponier och fran forbranning av fossila branslen inom
energisektorn. Sedan 9@ har utslappen av metan minskat med 46%, vilket framst beror
pa minskade utslapp inom avfallssektorn och till viss del pa minskade utslapp fran
jordbrukssektorn. Mellan 2021 och 2022 har metanutslappen minskat med 1,1%.

De totala utslappen av lustgass(N 2022 var 3,7 miljoner ton koldioxidekvivalenter,

vilket motsvarade drygt 8% av de totala utslappen av vaxthusgaser. Utslapp av lustgas
harror huvudsakligen fran jordbrukssektorn (cirka 75% av totala lustgasutslappen). Sedan
1990 har utslappen av lustgaiskat med cirka 24%. Ar 2022 ékade lustgasutslappen

med 1,2% jamfort med 2021.

De totala utslappen av fluorerade vaxthusgaser (PFCs, HFCs garaE6,9miljoner

ton koldioxidekvivalenter ar 2022 vilket motsvarar cirka 2% av de totala utslappen av
vaxthusgaser. Utslappen ar 2022 ar 42% hogre jamfort med 1990. Den hdgre nivan beror
framst pa att ozonforstérande amnen ersatts av vaxthuggises. Utslappen har dock
planat ut sedan 2009 till foljd av inforandet av en nyfBtdrdning 2006, och minskat de
senaste aren. Mellan 2021 och 2022 var minskningen cirka 5%.

Nettoupptaget for sektorn markanvandning, forandrad markanvandning och skogsbruk
(LULUCEF) fortsatte att ligga pa en hog niva 2022 och var drygt 40 miljoner ton
koldioxidekvivalenter. Det innebar att de totala utslappen av vaxthusgaser i Sverige
inklusive LULUCF var omkring 4 miljoner ton koldioxidekvivalenter ar 2022 (Tabell S.1
och Tabell S.2). Storleken i nettoupptaget beror framst pa forhallandet mellan
kolinlagringen i véaxande skog och mark och avgangen (avverkning och naturlig
nedbrytning organiskt matial). Sa lange kolinlagringen (tillvaxten) ar storre an
avgangen erhalls ett nettoupptag. Kolpoolsférandringen pa skogsmark dominerar
resultatet i sektorn. UtGver ett stort nettoupptag av koldioxid sa ingar aven utslapp av
metan och lustgas fran sektoBret totala nettoupptaget har varierat éver tid men ligger
nu ungefar 20% lagre an 1990. &manstor férandring var i samband med stormen
Gudrun 2005.
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Tabell S.1. Utslapp av vaxthusgaser per gas (kt CO2 ekvivalenter).

\L;/-T&%ﬁEZQXSER 1090 2000 2005 2010 2015 2020 2021 2022
CO2 inkl. LULUCF 4 500 -43 1583 5234 -10359 -7894 -6537 -6572
CO2 exkl. LULUCF 57520 54930 53875 53120 43418 36703 38634 36216
CH4 inkl. CH4 fr&n LULUCF 8863 8206 7392 6316 5514 5057 5003 4958
CH4 exkl. CH4 fran LULUCF 8324 7686 6890 5848 5071 4603 4545 4494
N20 inkl. N20 fr&n LULUCF 5889 5430 5080 4963 4698 4809 4733 4761
N20 exkl. N20 fran LULUCF 4797 4311 3973 3890 3706 3709 3611 3655
HFCs 6 725 1045 1064 1058 889 850 812
PFCs 511 338 366 169 32 59 45 34
SF6 105 122 156 65 55 38 40 39
NF3 NO NO NO NO NO NO NO NO
Ospecificerade HFCs and PFCs NO NO NO NO NO NO NO NO
Total (inkl. LULUCF) 19874 14779 15622 7343 998 2957 4132 4032
Total (exkl. LULUCF) 71263 68113 66305 64157 53340 46000 47723 45249
Tabell S.2. Utslapp av vaxthusgaser per sektor (kt CO2 ekvivalenter).

Kéllor till utslapp & sénkor 1990 2000 2005 2010 2015 2020 2021 2022
1. Energy 52272 49362 48066 47342 38068 31978 33239 30868
2. Industial Processes 7438 8118 8571 8162 7227 6377 7034 6924
3. Agriculture 7406 7069 6683 6520 6556 6568 6452 6513
4. LULUCF -51390 -53334 -50683 -56814 -52341 -43043 -43591 -41218
5. Waste 4146 3564 2986 2133 1488 1076 999 944
6. Other NO NO NO NO NO NO NO
Total (inkl. LULUCF) 19874 14779 15622 7343 998 2957 4132 4032
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S 3. Oversikt av utslappstrender per sektor

Utslappen av vaxthusgaser i Sverige per sektor visas i Tabell S.2 ovan. Nedan beskrivs
utslappstrender per sektor och andelen av totalen (exklusive LULUCF). Darefter foljer en
kort beskrivningover vilka kallor som anvands for inventeringen for olika sektorer.

Utslapperfran energisektorndRT 1), inklusive transporter, var cirka 31 miljoner ton
koldioxidekvivalenter 2022, vilket motsvarar 68% av de totala utslappen. Trenden for

perioden 1990 till 2022 visar pa minskade utslapp om 41%. Utslappsminskningen beror
huvudsakligen pa minskad oljeamdting for uppvarmning av bostader och lokaler som

ing-r -$eb¥G@GRTL&4( . Il nemkd¥vndbghar utsl 2ppen mi
81% sedan 1990 till omkring 2miljoner ton koldioxidekvivalenter Z2. Utslappen i

energisektorn var 7% lagre 2022 jantfidred 2021, framst pa gruiad minskade utslapp

fran transportsektorn.

EnergiindustrinsCRT 1A1) totala utslapp va8,7 miljoner ton koldioxidekvivalenter
2022, vilket ar12% lagre med jamfort med 1990. Energiindustrin domineras-ancél
fijarrvarmeproduktionenGRT 1Ala) som stod f66,6 miljoner ton koldioxidekvivalenter
2022, vilket ar28% lagre an 1990. Utslappen fran eth varmeproduktionevarierar
mellan arenframfor alltpa grund av vadrets (temperatur och nederbord) paverkan pa
utslappen. Utslappen fran elch fiarrvarmeproduktionevar 6% lagrear 2022 jamfort
med2021, vilket beroddgpa minskadanvandning av fossila bransléamstpa grund av
varmarevader Utslapp fran forbranning i raffinaderieERT 1A1b) och koksverkGRT
1Alc) var3,1 miljoner ton koldioxidekvivalenter 2@2

Utslapp fran forbranning inom tillverkningsindustrin och byggsektGRT1A2)

minskade med 4% mellan 2021 och 2022. Utslappen har minskat med motsvarande 45%
sedan 1990, men varierar mellan aren med forandrade produktionsvolymer som ar
kopplade till konjunktursvangningar. Utslappsminskningen sedan 1990 beror till storsta
delenpa minskad oljeanvandning, som delvis kan forklaras av en 6vergang till el och
biobrénslen.

Utslappen fran transportsekto@RT 1A3) star for en tredjedel av de nationella
utslappen av vaxthusgaser. Utslappen fran transportsektorB,@anifjoner ton
koldioxidekvivalenter under 2@ varav ungefar 2,6 miljoner ton fran vagtransporter.
Utslappen fran transportsektaminskade med 10%mellan2021 och2022. Ungefar
halften av minskningen beror pa ¢kad inblandning av biobransle till foljd av hojd
reduktionsplikt.Utslappen var @ lagre 202 jamfort med 1990. Utslappsminskningen
over tid i sektorrberor i hog grad pa att andelen biobransle som anvands inom
vagtrafiken har 6kat under perioden, och att fordonen har blivit mer energieffektiva.
Utslappsminskningen har dock samtidigt dampats av att trafikarbetetdtar 6k

Utslappen av vaxthusgaser fran industriprocesser och produktanvar@Ring)

uppgick till 6,9 miljoner ton koldioxidekvivalenter ar 2022, vilket motsvairggt 15%

av Sveriges totala utslapp. Inom sektorn ar koldioxid den dominerande vaxthusgasen,
foljd av fluorerade vaxthusgaser och lustgas. Utslappen harror framfor allt fran
produktion av jarn och stal samt fran mineralindustrin och ar starkt kopplade till
produktionsvolym. Utslappen fran sektorn var cirka 1,5% lagre 2022 jamfort med 2021.
Trendenfor perioden199Q 2022visar pa en stabilisering sedan 2011 med undantag for
2020 dar utslappen minskade till féljd av produktionsstopp, delvis orsakade as.8evid
pandemin. Utslappen hade 2022 minskat med knappt 7% jamfort med utslappen 1990.
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Utslappen fran produktanvéandning var dubbelt sa stora 2022 jamfért med 1990, men
visar pa en minskande trend sedan 2004.

Ar 2022 var véxthusgasutslappen fran jordbruksseK®ORT 3) ca 6,5 miljoner ton
koldioxidekvivalentewilket motsvarar drygt 1% av Sveriges totala utslapfiv dessa

var drygt 55% metan, drygt 42% lustgas oesten koldioxid Utslappen fran
jordbrukssektorn har minskat med knappt 1 miljon ton koldioxidekvivalenter sedan 1990
vilket innebar cirka 12% lagre utslapgdinskningen beror framfor allt pa effektivisering

och reducerad djurhallining (framst av mjolkkor och grisar) och i mindre utstrackning pa
minskad anvandning av mineralgddsel. Utslappen har varit pa en mer stabil niva under
den senaste tioarsperioden. Mellan 2021 och 2022 6kade utslappen fran sektorn med 1%
(motsvarande 0,06 miljonéon koldioxidekvivalenter). Det forklardgimst av olika
temporara orsaker som paverkade utslappen i olika riktSitdgst var andringar i utslapp

av lustgas fran jordbruksmark.

Nettoupptaget fér sektorn markanvandning, forandrad markanvandning och skogsbruk
(LULUCF - CRT4) har under 2Quppskattss till drygt41 miljoner ton
koldioxidekvivalenter. Mellan 20Roch 202 var det totala nettoupptaget i stort sett
detsamma. Stdrre delen av nettoupptaget sker i kolpoolerna levande biomassa och
mineraljord. Den dominerande markkategorin ar skogsmarkletcrdarsom det stora
nettoupptaget av koldioxid sker. Skogsmark utg86@&v Sveriges landareal. Inom

denna marktyp har totala nettoupptaget varierat under hela perioden fran 1990 till och
med 202 och i snitt varit runb0 miljoner tonkoldioxidekvivalenter. Undedensenaste
10-arsperioderhar dock nettoupptaget i levanbiemassa minskat frasmkring 50

miljoner ton koldioxid 2015 till runB9 miljoner ton koldioxid 202. Nettoupptaget i
avverkade traprodukter har under den senastgierioden dkat nagothvar 2022

drygt 8 miljoner ton koldioxid.De stdrsta utslappen inom sektorn kommer fran
organogen mark pd alla markkategorier och22@# detta utslapp drygt 9 miljoner ton
koldioxid. Akermark, Betesmark, Bebyggd mark och Vatmark har alla nettoutslagp 202
Nettoutslappen fran akermark har dock en minskande trend.

Utslappen fran avfallssektor@RT 5) har minskat med c&7% jamfort med 19902022
var de totala utslappen fran avfallssektdrygt 0,9miljoner ton koldioxidekvivalenter,
vilket motsvarar ungefar9a av de totala vaxthusgasutslappen. @21 till 2022
minskade utslappen mé&#o till foljd av fortsatt minskade utslapp fran avfallsdeponier.
Utslappen fran avfallssektorn domineras av metangas fran avfallsdeponier.
Metangasutslapp star f66% av utslappem sektorn Férbud har inforts att deponera
avfall och successivt har man oévergattftéimfor alltférbranning av avfall for
energiatervinning. Utslapp fran forbranning av avfall for produktion av el och varme
allokeras till energisektorn och inte till avfallssektorn.

Kéllorna som anvéands for aktivitetsdata och/eller utslappsdata i inventeringen for olika

sektorer presenteras i Tabell S.3. Utslappsstatistiken ar hamtad direkt fran dessa
datakallor eller beraknade baserat pa aktivitetsdata.
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Tabell S.3. CRT sektorer och datakallor som anvands i inventeringen.

CRT Sektor

Priméar kalla till aktivitetdata/utslédppsdata

1 Energi
-Stationar forbranning
-Transport

2 Industriprocesser och

produktanvéandning

3 Jordbruk

4 Markanvandning, forandrad
markanvandning och skogsbruk

5 Avfall

Statistiska undersdkningar av energiférbrukning
Transportmyndigheter

Miljérapporter

Direktkontakt med foretag

EU:s system for handel med utslappsratter

Nationella data fr&n produktregistret pa
Kemikalieinspektionen och SPIN!-databasen

Nationell statistik, och
Nationella experter

Officiella statistiska rapporter
Organisationer och forskare
Sveriges lantbruksuniversitet
Skogsstyrelsen

Avfall Sverige (fd RVF)
Skogsindustrierna
Statistiska centralbyran

Naturvardsverket
Energimyndigheten/Energigas Sverige

Miljérapporter

1 Substances in Preparations in Nordic Countries
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S 4. Oversikt av utslappstrender for indirekta
vaxthusgaser och SO,

De indirekta vaxthusgaserna NOIMVOCs, CO och S@ingar inte i berakningen av de
totala nationella utslappen av vaxthusgaser men redovisas separat. De visas i tabellen S.4.

Tabell S.4. Utslapp av indirekta vaxthusgaser och SOz (tusentals ton).

Gas Enhet 1990 1995 2000 2005 2010 2015 2020 2021 2022

NOx kt 291 259 224 195 170 148 117 115 112
NMVOC kt 367 278 222 204 177 157 138 134 132
SO; kt 103 71 44 34 28 17 15 16 15
CcoO kt 1096 937 644 494 407 334 287 282 277

Utslappenav kvaveoxiderNOx) var 112 kiloton ar 202ZEnergisektorrstar for 76%av
totalenmedanindustriprocesser och produktanvandningssektorn och jordbrukssektorn
star for knapt 12% varderaNOx-utslapp har minskat med 62% sedan 1990. Mellan
2021 and 2022 minskade utslappen med knappt 3%. Minskniiegenframst pa de
skarpta utslappskraven for bilar inom Hkn 6kade anvandningew fiarrvarmeoch
inforandet av N@-avgiftssystemeitborjanav 1996talethar ocksa bidragit till
minskningen

Utslappen av flyktigarganiska amnen utom metan (NMVOCSs) var 132 kton ar.2022
Industriprocesser och produktanvandningssektorn (framfor allt fran I6sningsmedel och
andra produkter) och energisektorn (framfor allt vagtrafik och smaskalig vedeldning for
uppvarmning av bostader) ar de dominerande kéallorna till utsléappen, och bidrdég¥aed
respektive 33% av Sveriges totala utslapp av NMVOC. Jordbrukssektorn bidrog med ca
22% av utslappen. NMVO@tslapp har minskat kraftigt med 64% sedan 1990. Under
2022 minskade utslappen med 1,p#¥ufort med 2021Denstérsta minskningen av

NMVOCs har skett inom transportsektorn dar utsléappen 2022 &r cirka 92% lagre &n 1990.
Har minskade utslappen med cirka 1% mellan &r 2021 och &asa.
produktanvandningssektorn har NMVatslappen minskat med 42% jamfoért med 1990.
Detta beror pa introduktionen av nya avgasreningskrav for fordon samt minskade utslapp
fran anvandning av lésningsmedel.

Utslappen av kolmonoxid (CO) har minskat med 75% sedan 1990 och utgjorde totalt
cirka 277 kton 2022. Utslappen har minskat med knappt 2% mellan 2021 och 2022.
Néastan 90% av kolmonoxidutslappen kommer fran energisektorn, varav 27% fran
transporter och 55%dn smaskalig uppvarmning av bostader, lokaler och inom
jordbrukssektorn. Resten av utslappen kommer fran produktanvandningssektorn, dar stod
metallindustrin fér 5% och massach pappersindustrin for 6%. Utslappen av CO har
minskat kraftigt genom aren. Ba beror pa att nya bilar ar forsedda med katalysatorer,

som omvandlar CO och kolvate till GOch vattenanga.

Utslappen av svaveldioxid (Svar 15 kton ar 2022 vilket innebar 86% lagre utslapp
jamfort med 1990. Mellan 2021 och 2022 minskade utslappen med cirka 5%. Ar 2022
kom drygt hélften (54%) av utslappen fran industriprocesser och
produktanvandningssektorn, sdsom metallproduktion ochgramassaindustrin. Utslapp
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fran energisektorn, framfor allt fran-elch fiarrvarmeproduktion och

tillverkningsindustrier oclkonstruktionssektornjtgjorde samma ar cirka 46%en

langsiktiga reduktionen av utslappen beror framst pa en 6vergang till branslen med lagre
svavelhalt samt attkatt pa svavélolja och kolinforts 1991

17



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2024

Executi ve Summary

ES 1. Background Information

Greenhousgases have always been present in the atmosphere, babnogntrations of
several of them are rising as a result of human activity, which intensifies the greenhouse
effect. The Intergovernmental Panel on Climate Change (IPCC) was established in 1988
and two years later they concluded that anthropogenic clichatege is a global threat,

which needs to be addressed through an international agreement. The United Nations
started negotiations on a framework convention on climate chamied Nations

Framework Convention on Climate ChanrdéNFCCC), which came intforce in 1994.

The longterm goal of the convention is to stabilize the amount of greenhouse gases in the
atmosphere at a level where harmful anthropogenic climate changes are prevented.

The most important addition to the convention was negotiated in Paris during the fall of
2015 and resulted in the adoption of a global climate agreement. The Paris agreement
aims to hold the increase in the global average temperatweditbelowtwo degrees

over preindustrial levels and tpursue effortgo limit the temperature increase to 1.5
degrees. Within the agreement, all countries have provided nationally determined
contributions (NDCs) to achieving the goal of the agreement and that the arobitien
contribution skall be gradually increased as the contributions are renewed or updated
every five years. Sweden is part of the EU's contribution of reducing greenhouse gas net
emissions within the union kBt leasb5 percent by 2030 compared to 194@lobal

stocktake of the progress towards achieiving the goal of the agreement takes place every
five years, from 2023 and onwards. Principles for monitoring and reporting of the parties'
nationally determined contributions were established in Parigaflater, a sufficient

number of parties had ratified the Paris agreement for its entry into force. The rules for
the application of the different parts of the Paris Agreement, including new guidelines for
tracking progress and reporting by parties, adapted at COP24 in Katowice and

COP26 in Glasgow. This means that for the first time there is a common set of reporting
guidelines for monitoring and reporting for all countriélis NIR is the firstreporting

under the Paris Agreement

Before the Paris agreement the most important addition to the convention was negotiated
in 1997 in Kyoto, Japan and entered into force in 2005. The Kyoto Protocol provides
binding commitments, for developed countries (Annex I) except for the United States.
The Kyoto protocol has had two commitment periods 202812 ans 201B 2020The
difference between the Paris Agreement and the Kyoto Protocol is, therefore, that all
parties to the Paris agreement provides a nationally determined contribution, which has
been defined by the party and that is updated over time. The commitments under the
Kyoto Protocol only applied to the richest countries and were determined via
negotiations.

The first commitment period of the Kyoto Protocol involves binding obligations for the
parties that ratified the protocol (the Annex | parties) to decrease their emissions of
greenhouse gases (GHG) with at le&tduring 20082012 compared to the base year
1990. Under the first commitment period of the Kyoto Protocol the European Union,
together with Iceland, agreed to reduce their emissions by 8 compared to the base year
1990 (for fluorinated greenhouse gaseshihee year is 1995). In 2012 the partiedarn
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the Kyoto Protocol decided on a second commitment period (2013 to 2020) according to
the Doha Amendment to the Kyoto PrototCMP.8 Under thiscommitment period the

EU has, together with Iceland, committed to reduce the emission$bi22020

compared to the emissions of greenhouse gases in 1990. The Swedish commitment within
the EU is to reduce national emissions byeluhtil 2020 compared to 2005 within

sectors that are not part of the EU Emissions Trading Sy2@28.the last greenhouse

gas inventory under the Kyoto protocol was submitted by Amexties and for parties

with a commitment this submission will form the base for the acaoyathd compliance.
During autumn 2022 the final review under the Kyoto protocol fake. In 2023, the

actual fulfillment took place and Annek parties with a commitment have reported a
"True-up period report”. EU and all member states have fulfilled the commitment to
reduce the emissions with 20% compa@il990.

According to Articles 4 and 12 of the United Nations Framework Convention on Climate
Change, parties are required to submit national inventories of anthropogenic emissions by
sources and removals by sinks of all greenhouse gases not controlled by theaMontr

Pr ot ocol an nNatohd Igventoy Repartd MK for the ye2024,

constitutes the annual submission under UNFCCC and the Paris agréEmaeiport is
prepared in accordance with the Reporting Guidelines agreed by the UNFCCC on its
nineteenth session of the Conference of the Parties (COP) in Warsaw 2013 and
subsequent decisions and also under the Paris agredncentains national greenhouse

gas emission inventories for the period 1990 to 2888,descriptions of methods used to
produce the estimates. The methods used to calculate the emissions and removals are in
accordance with the IPCC 2006 Guidelines for National Greenhouse Gas Inveatuties

in some cases the updated 2006 guidelines from 20also the IPCC supplementary
guidelines for Wetlandstlie 2013 Supplement to the 2006 IPCC Guidelines for National
Greenhouse Gas Inventorje$his National Inverntory Report is also reported under EU
legislation (Governance reulation 20178/1999/B6G is the basis for followp against
Sweden's commitment under the EU's climate package, Fit for 55.

This report covers anthropogenic emissions of direct greenhouse gas&H, Ml,0,

HFC, PFC, SE, Nk andindirect greenhouse gases N@O, NMVOC and S@ The

report contains information on Swedendés inven
from 1990 ta2022 including descriptions of methods, data sources, uncertainties, the

quality assurance and quality control (QA/QC) activities carried out as well as a trend

analysis.

An internal review performed during 2016 of the use of confidential data in the inventory
showed that additional data should be considered confidential compared to previous
submissions in order to comply with the Public Access to Information and Secreofy Ac
the Swedish lawThis has affected some sabctors in stationary combustic@RT 1)

and industrial processes and product @&RT 2), which have been classified with the
notation key Classified (C). Swederworking continuously with improving the
transparency of our reporting and strives to minintieeextent of confidentiality in
inventory data.

Electronic data on emissions, activity data and emission factors are provided in the
Common Reporting Tabld€RT) as requested by the UNFCCC together with this report.
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On September 26, 2022, leaks were discovered in the Nord Stream gas pipelines in the

Baltic Sea. The natural gas pipeline system consists of two parallel pipelines that cross

the Baltic Sea. The emissions from the gas leaks occurred in international waters
partially covered by Swedends Exclusive Econo
territorial sea. Neither of the pipelines enter Swedish national territory. The Swedish

Environmental Protection Agency has conducted a legal assessment concerning whether

the emissions should be included in Sweden's greenhouse gas inventory. A summary of

the legal assessment can be found in sedtibi3

ES 2. Summary of national emission and removal
trends per gas

Total greenhouse gas emissions in Sweden excluding LULUCF, expressedin CO
equivalens, were about 42 million tonnes in 2022xcluding LULUCF (Table ES.1 and
Table ES.2). Total emissions 2022 have decreased by about 5% compared to 2021 and
decreased by about 37% compared to 1990. Below, emission trends per gas compared to
the total (excluding LULUCF) are first described, follalMgy brief descriptions of the

trend within LULUCFE

Thetotal emissions of carbon dioxide (G2022 were 36.2 million tonnes of carbon

dioxide equivalents which corresponds to about 80% of the total emissions of greenhouse
gases. The energy sector, including transport, accounted for 83% of the overall carbon
dioxide emissions, which makes it #aegest source of carbon dioxide in Sweden. The
emissions of C@2022 were 33% lower than 1990 and 6% lower than 2021.

Methane(CH,) emissions were 4.5 million tonnes of carbon dioxide equivalents by 2022,
which corresponds to approximately 10% of total greenhouse gas emissiomseMet
emissions are mainly from agriculture, landfills and burning of fossil fuels in the energy
sector. Since 1990, methane emissions have decreased by 46%, mainly due to measures
in the waste sector. The agricultural sector also shows reduced emissionerBzdae

and 2022, the total methane emissions have decreased by 1.1%.

Nitrous oxide emissions @) were 3.7 million tonnes of carbon dioxide equivalents in

2022 and accounted for about 8% of total greenhouse gas emissions. Emissions of nitrous
oxide originate mainly from the agricultural sector (approximately 75%). Since 1990

there has been a decreas®iO emissions with about 24% 2022 the emissions of

N20 increased with 1.2% compared to 2021.

Emissions of fluorinated greenhouse gases (PFCs, HFCs @nde3E0.9 million tonnes
of carbon dioxide equivalents 2022, which accousfor about 2% of total greenhouse
gas emissions. The emissions in 282242% higher compared to 1990. This is mainly
due to the replacement of ozedepleting substances by greenhouse ggte€s.
However, the trend of emissions of HFCs is showing a stabilisation since 2009 and
decrease in the later years. Emissions dropped by 5% between 2021 and 2022.

The net removal within the land use, lamge change and forestry (LULUCF) sector
remained at a relatively high level in 2022 and was a bit more than 40 million tonnes of
carbon dioxide equivalents. This means that the total emissions of greenhouse gases i
Sweden, including LULUCF, were around 4 million tonnes of carbon dioxide equivalents
in 2022 (Table ES.1 and Table ES.2). The size of the net removal depends mainly on the
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ratio between the carbon storage in growing forestaii@nd the lossharvestand

natural decomposition of organic matter). As long as the carbon storage (growth) is
greater than the loss, a net removal is obtained. The carbckchange on forest land

and the living biomass poapminates the result in the sector. In addition to a large net
removal of carbon dioxide, emissions of methane and nitrous oxide from the sector are
also included. The total net removal has varied over time but is now apptek/ 20%
lower than in 1990. A major change was in connection with the storm Gudrun in 2005.

Table ES.1. Greenhouse gas emissions by gas (kt £€3;.).
GREENHOUSE GAS

1990 2000 2005 2010 2015 2020 2021 2022

EMISSIONS

CO; incl. LULUCF 4500 -43 1583 -5234 -10359 -7 894 -6 537 -6 572
CO; excl. LULUCF 57520 54930 53875 53120 43418 36703 38634 36216
CHy incl. CH, from LULUCF 8 863 8 206 7392 6 316 5514 5057 5003 4958
CH, excl. CH, from LULUCF 8324 7 686 6 890 5848 5071 4603 4 545 4494
N2O incl. N2O from LULUCF 5 889 5430 5080 4963 4698 4 809 4733 4761
N2O excl. N,O from LULUCF 4797 4311 3973 3890 3706 3709 3611 3655
HFCs 6 725 1045 1064 1058 889 850 812
PFCs 511 338 366 169 32 59 45 34
SF6 105 122 156 65 55 38 40 39
NF3 NA NA NA NA NA NA NA NA
Unspecified HFCs and PFCs NA NA NA NA NA NA NA NA
Total (incl. LULUCF) 19874 14779 15622 7343 998 2957 4132 4032
Total (excl. LULUCF) 71263 68113 66305 64157 53340 46000 47723 45249

Table ES.2. Greenhouse gas emissions by sector (kt CO2-eq.).

GHG SOURCE & SINK

CATEGORIES 1990 2000 2005 2010 2015 2020 2021 2022

1. Energy 52272 49362 48066 47342 38068 31978 33239 30868

2. Industrial Processes

and Product Use 7438 8118 8571 8 162 7227 6 377 7034 6924

3. Agriculture 7406 7069 6683 6520 6556 6568 6452 6513
4. LULUCF -51390 -53334 -50683 -56814 -52341 -43043 -43591 -41218
5. Waste 4146 3564 2986 2133 1488 1076 999 944
6. Other NO NO NO NO NO NO NO
Total (incl. LULUCF) 19874 14779 15622 7343 998 2957 4132 4032
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ES 3. Summary of national emission and removal
trends per sector

Theemissions of greenhouse gases in Sweden per sector are shown in Table ES.2 above.
Emission trends per sector and the share of the total (excluding LULA}EEescribed

below. This is followed by a brief description of which sources are used for the inventory
for various sectors.

Emissions from the energy sect@RT 1), including transport, were approximatellyy 3

million tonnes of C@-equivalents in 222, which corresponds to abot&% of the

overall national greenhouse gas emissions. The trend for the peric@@220¢hows a

general reduction in emissions of approximatElyo. This decrease is mainly due to a

decrease in the use of oil for heating in residential, commercial and institutional
buildings, incluGRIdAAAN. A@mMhesi Bast onsaOf her
decreased b81%to approximately A million tonnes of C@equivalents in 202

Emissiongecreased by% between 221 and 202 in the energy sectomostly becaus

of a decrease of emissions from the transport sector

Greenhouse gas emissions from energy industoBI (LA1) were approximatelg.7

million tonnes in2022, which is12% lower compared to 1990. The energy industries are
dominated by electricity and district heating productioRT 1Ala) with emissions of

5.6 million tonnes of C@equivalensin 2022, which is28% lower than in 1990.

Emissions from electricity and district heating production fluctuate over the years mainly
due to the influence of weather conditions (temperature and precipitation). The emissions
from electricity and district heatingere6% lowerin 2022 compared t®021, due to

decreaed usage of fossil flmainly as a result ofvarmer weathefEmissions from
combustion in Petrolium RefininERT 1A1b) and Manufacture of solid fuelSRT

1Alc) were 3.1 million tonnes of carbon dioxide equivalents ir2202

Emissiondrom manufacturing industries and constructi@R{ 1A2) decreased with 4%

in 2022 compared to the previous year. These emissions have decreased by 45%
compared to 1990, but generally fluctuate with production volumes that are closely
related to the economic developmértie decrease in emissions since 1990 is mainly due
to the decreased use of oil produgthjch can partly be explained by a shift towards
electricity and biofuels.

Emissions from the transport sec(@RT 1A3) correspond t@approximatelyone thirdof

the national emissions of greenhouse gases.as, 2bnissions were3l6 million tonnes,

of which approximately 2.6 million tonnes were from road transportati@missions

from the transport sectoiecreased by 10%etween 201 to 202. Around half of the
decrease in emissions is due to an increase of biofumsday tothe emission

reduction obligationEmissions were&% lower in 202 comparedo 1990. The

reduction in emissions in the sector during the period is primarily due to the fact that the
proportion of biofuels used in road traffic has increased during the period, and that
vehicles have become more eneeffycient. However, the reduction in emissions has
been dampened by an increase in traffic.

Greenhousegas emissions from the industrial processes and produdCB3e2) were
6.9 million tonnes C@equivalents in 2022, representing approximately 15% of the
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national emissions. Emissions from industrial processes and product use are
predominantly carbon dioxide, followed by fluorinated greenhouse gases and nitrous
oxide. Metal (iron and steel) and mineral industries (cement) are the major sources of
emissionsThe emissions from the sector were about 1.5% lower in 2022 compared to
2021. The trend for the period 192022 shows a stabilization since 2011 with the
exception of 2020 where emissions decreased as a result of production stoppages, partly
caused by th covid19 pandemic. Emissions decresed by 7% compared to 1990.
Emissions from product use were twice as high in 2022 compared to 1990, aliheygh
show a decreasing trend since 2004.

In 2022, the total greenhouse gas emissions froragheultural sector@QRT 3) were

about 6.5 million tonnes of G&equivalents, which corresponds to 14% of the total
greenhouse gas emissions in Sweden. Of these, about 55% were methane, 42% nitrous
oxide and the rest GOEmissions from the agricultural sector have decreased by nearly 1
million tonnes of C@-equivalents since 1990, which means about 12% lower emissions.
The reduction is due to several factors such as reduced number of animals (especially
dairy cows and pigs) and decreased use of nitrogiarral fertilizers (until around

2010). Between 2021 and 2022, emissions from the sector increased by about 1%
(corresponding to about 0.06 million tons of L&Y uivalents)The increase in emissions
between the years was a cumulative effect of several minor emission changes from
different sources in 2022 that worked in opposite directibhe.changes wetargestfor
nitrous oxide from agricultural soils.

In 2022, the total net removal in the sector land use,-las@lchange and forestry

(LULUCF) was estimated toldmillion tonnes C@-equivalents. During the period 1990
until 2022, total net removalsvas on averagslightly more than 5@nillion tonnes of

CO»- equivalentsBetween 201 and 202 the total net removalsereabout the same.
Themajority of the net removals are in the carbon pools living biomass and mineral soils
and the dominating category is forest land. Forest land accoun@fonf6Sweden's

land areaWithin forest land, the total net removal has varied during the period from 1990
to 202 and has been on averadg@million tonnesof CO,-equivalentsDuring the last

ten yearghe netremoval in living biomassor forest land has decreased from atiut

million tonnes ofCO»-eq to aboul7 million tonnes ofCO,-equivalentsn 2021.The

total net removal in harvested wood products has increased slightly during the last ten
years ands now slightly higherthan 8 million tonnes o€ O,- equivalentsThe highest

net emissions are from organic sailsall land categorieand in 202 the net emissions
wereslightly higherthan 9million tonnes ofCO,- equivalentsCropland Grassland,
Settlement and Wetlas@ll constituted net emissions in 20’ he emissions at
croplandsshowa decreasing trend.

Emissiondrom the waste secto€RT 5) have decreased by about 77% compared to

1990. In 2022, total emissions from the waste sector were just over 0.9 million tonnes of
carbon dioxide equivalegjtwhich corresponds to approximately 2% of total greenhouse

gas emissions. From 2021 to 2022, emissions have been reduced by 5% due to continued
reduced emissions from landfills. Emissions from the waste sector are dominated by
methane gas from waste laitidf Methane emissions account for 66% of emissions. A
banhas been introduced on landfilhich has created a shift towards incineration of

waste for energy recovery. Emissions from the incineration of waste for electricity and
heat production are allocated to the energy sector and not to the waste sector.
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The sources used for activity data and/or emission data in the inventory for different
sectors are presented in Table ES.3. Emission statistics are taken directly from these data
sources or calculated based on activity data.

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

CRT Sector Main source for activity/emission data
1 Energy
-Stationary combustion Statistical survey on energy consumption
-Transport Transport authorities
2 Industrial processes and Environmental reports
product use Direct contact with companies

CO, Data from the European trading scheme (ETS)

National data from the Products register at the Swedish
Chemicals Agency and the SPIN? database,

National statistics, and
National experts

3 Agriculture Official statistical reports
Organisations and researchers
4 Land Use, Land Use Swedish University of Agricultural Sciences
Change and Forestry Swedish Forest Agency
5 Waste Swedish Association of Waste Management

The Swedish Forest Industries Federation
Statistics Sweden

Swedish Environmental Protection Agency
Environmental reports

2 Substances in Preparations in Nordic Countries
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ES 4. Overview of Emission Estimates and
Trends of Indirect GHGs and SO»

Indirect greenhouse gas@§dx, NMVOC, CO and Sg) are not included in the national
total emissions but reported separately. They are shown in Table ES.4.

Table ES.4. Emissions of indirect greenhouse gases and SOz (kt).

Gas Unit 1990 1995 2000 2005 2010 2015 2020 2021 2022

NOx kt 291 259 224 195 170 148 117 115 112
NMVOC kt 367 278 222 204 177 157 138 134 132
SO, kt 103 71 44 34 28 17 15 16 15
CO kt 1096 937 644 494 407 334 287 282 277

Emissionsof nitrogen oxides (N§) were about 112 kt in 2022. The energy sector

accounted for 76% of the total emissions, while the industrial processes and product use

sector and thagricultulal sector acounted forabout 12% eachi.he emissions in 2022

were abou62% lowercompared td990 and nearly 3% lower tham2021.This

reduction is mainly due to restrictions of the EU road vehicle emission regulation

standardsThe i ncreased use ofxcdiasrtgreioc ti nhteraotdiuncge da ni d
early 1990s have also contributed to théuction in emissions of NO

A total of about 132 kt of nemethane volatile organic compounds (NMVOCSs) were

emitted in 2022About 45% of the emissi@derived fromthe industrial processes and

product use sectorhe energy sector and the agricudtilgector contributed with 33%

and 22%, respectivelgince 1990, NMVOC emissigrhavedecreased by 64%.

Emissions in 2022reabout 1.2% lower compared to 20Zhe largest reduction comes

from the transport sector, in which emissions decreased by 92% compared to 1990 and by
1% compared to 2021. Emissidnghe product use sector have beetucedoy 42%

since 1990The main reasofor the reduction is the introductiorf stricter emission

standards in the EU regulation for road vehicles and 1didyOC emissions from

solvents.

The aggregated emiss®of carbon monoxide (CQjavedecreased by 75% since 1990
and werearound 277 kt in 2022. Emissi®im 2022 vwere2% lower tharin 2021. About

90% of CO emissions came from the energy sector, of whichcariéfrom the

transport sector and 55% from smsdiale combustion in residential heating, premises
and in the agricultural sectdrhe rest of the emissisulerived from metal industry (5%)
and pulp and paper industry (6%)missions of CO have decreased substantially over the
yearsdue to new fuetlrivenvehicles soldn Sweden that are equipped wititalytic
converterghat convert CO and unburned hydrocarbons te & water vapor.

Sulphur dioxide emissions (SQwere about 15 kt in 2022 and have decreased by 86%
since 1990Between 2021 and 2022 emission decreased by abou¥16fé than half of

SO emissions (54%) are derived from the industrial processes and product use sector,
mainly from metal production and the pulp industry. The energy sector was responsible
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for 46% of emissions in 2022, in which electricity and district heating production and
manufacturing industries and construction were the main contribliteeseduction of
emissions since 1990 is mainly due to a transition to lower sulphur fuels, as well as tax on
sulphur in fossils fuels introduced in 1991.
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1l ntroducti1l on

According to Articles 4 and 12 of the United Nations Framework Convention on Climate
Change (UNFCCC), Annex | Parties are required to annually submit national inventories
of anthropogenic emissions by sources and removals by sinks of all greenhousetgases n
controlled by the Montreal Protocol. The inventory submitted to the UNFCCC, through
the secretariat, shall include emissiansl removalén the Common Reporting Tables

(CRT) and a National Inventory Report (NIR)he submission is prepared in accoradanc
with thereportingguidelines 24/CP.1@nder thdJNFCCC

This report constitut es4TheecpatoontainsNI R f or subm
information on Swedends i nv@indudngi es for all vy
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 afubstory, the report

contains information on inventories for all years from the base year to the year of the

current annual inventory submission.

This section presents background information on climate chémg8&wedish national

targets and a greenhouse gas (GHG) inventbayso contains a description of

institutional arrangements for the inventory preparation, brief descriptions of the process
of inventory preparation, methodologies and data sources used and the key sources in the
Swedish inventory. Finally, there is imfoation about the progress of quality
assurance/quality control (OA/QC) work, the general uncertainties in the inventory and

on the completeness of inventoried emissions.

3 Aftertheincount r y review of Swedends GHG inventio2Bn20a5nd BTR, conduc
the CRT-tables were resubmitted in conjunction with the NID. The re-submission was conducted because the
version of the CRT-reporter used at the time of reporting in December 2024 contained a technical bug that
generated incorrect total sums in the summary tables of the CRT tables for the years 20131 2022. The
technical i ssue, rel at ed t o durheetCRTsreporterfstillpdrsests followirgthe on key 6Cd i
February 2025 release of the CRT reporterd however, only for the year 2022. As a consequence, the reported
total emissions for 2022 in the CRT-tables are underestimated by 1,013.72 kt COF-eq. All other years now
show correct total emissions in the re-submission in the summary tables of the CRT-tables. Correct total
figures are provided in the NID for all years.
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1.1 Background Information

1.1.1 Climate change
Some of the gases in the eartho6s atmosphere heas
(heat) . They do not prevent sunlight reaching

do trap some of the infrared outgoing radiation. Without the natural gresmbéfect 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 the concentrations of several of these gases are rising
as a result of human activity. This intensifies the greenhouse effectPTizzdums up

the cause of the climate change we have witnessed over the last 50 years by stating that it
is impossible to explaithe chang®ther than as the result of anthropogenic emissions of
greenhouse gases (i.e. emissions resulting from humangctivit

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

Entirely new, mamade greenhouse gases that are entering the atmosphere cause further
intensification of the greenhouse effect. These include, in particular, a number of
substances containing fluorine, among them HF@drpfluorocarbons HFCs are used
instead of the ozone layer depleting CFCs (freons) in refrigerators and other applications.

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

The threat of climate change is considered to be one of the most serious environmental
problems faced bthe humankind

Following thescientific indications that human activities influence the climate and an
increasing public awareness about local and global environmental issues during the
middle of the 1980s, climate change was brought up on the political agenda. The
IntergovernmentaPanel 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 199dtrently, 1 Parties (including the

EU as one partyhave ratified the UNFCCCThe longtermgoal of the conventiois 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 Partips (COP
hdd. The most important addition to the convention to date, the Paris agreem@agnt
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negotiated in France in 2015. The agreement sets out a global action plan to put the world
on track to avoid dangerous climate change by limigiogpal warming to well below 2

degrees and to pursue efforts to limit the temperature increase even further to 1.5 degrees
Before the Paris agreement the most important addition to the convention was negotiated
in1997 in Kyoto, Japan. The Kyoto Protocol invah®nding obligations for the Annex |
countries (including all EU Member States and other industriatimadtries) In autumn

2020 the second commitment period of the Kyoto Protocol came into force just before the
last year of the commitment period (2013020) endedDuring 2023 the compliance of

the second commitment period will take place.

1.1.2 Greenhouse gas inventories

Theinventory covers anthropogenic emissions of direct greenhouse@@sd3sH.,

N20, HFGCs, PFG, SKs, NF; and indirect greenhouse gadédx, CO, NMVOC andS0.,.
Indirect means that they do not contribute directly to the greenhouse effect but that their
presence in the atmosphere may influence the climate in different iwdiysct

greenhouse gas emissions are not included in the@xahe (Q) is also a greenhouse

gas, but it is not necessary to report ars€parately since it is formed by the chemical
reactions of nitrogen oxides, hydrocarbons and/or carbaroxiae. The estimated

emissions and removal§ greenhouse gases are calculated accorditigetdNFCCC
reportirg guidelineg(decision24/CP.19.

Emissions of the direct greenhouse ga&%@s N,O, CH,, HFCs, PFCsSK andNF; are
calculated a€0O»-eg.andaggregated to a national totamissions othe indirect
greenhouse gas&x, CO, NMVOC andSG; are reported, but not included in the total.

When a method used to estimate emissiremovalds improved, a need to recalculate
the whole time series arisi order to maintain consistency. This means alvaiady
reported dataan berevisedin subsequent submiss®n

113 2022 Nord Stream gas leaks in the Swedish exclusive economic
zone (EEZ)

1.1.3.1 BACKGROUND

On September 26, 2022, leaks were discovered in the Nord Stream gas pipelines in the

Baltic Sed. The natural gas pipeline system consists of two parallel pipelines that cross

the Baltic Sea. The emissions from the gas leaks occurred in international waters,
partially covered by Swedenés Exclusive Econo
territorial sea. Neither of the pipelines enter Swedish national territory.

At the time of the leakages, none of the gas pipelines were operational, yet the pipelines
were filled with natural gas, leading to the release of the gas into the atmosphere, partially
within the Swedish EEZ. The Swedish Environmental Protection AgeM¥EFR) has
conducted a legal assessment concerning whether the emissions should be included in the
Swedish national inventory of greenhouse gas emissions or not. This assessment is
summarized below.

4 Estimates of the emissions indicate that a total of 5.8 Mt COF-eq were released into the atmosphere due to the
gas leaks in the Swedish Exclusive Economic Zone (EEZ).
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1.1.3.2 SUMMARY OF THE LEGAL ASSESSMENT

According to IPCC 2006 Guidelines for National Greenhouse Gas Inventories (IPCC
guidelines), ationalinventories include greenhouse gas emissions and removals taking
place within national territory and offshore areas over which the country has juriséiction.

Jurisdiction in relation to maritime areas is regulated in the United Nations Convention
on the Law of the Sea (UNCLOS). Sweden is party to UNCLOS, and it follows that the
IPCC guidelines must be interpreted in accordance with UNCLOS. Therefore, in the
asessment of whether the emissions from Nord Stream 1 and Nord Stream 2 should be
considered to have takgtace within national territory or an offshore area over which
Sweden has jurisdiction, the starting point is the provisions in UNCLOS.

Under international law, as reflected iNGLOS, the sovereignty of a coastal State
extends, beyond its land territory and internal waters, to the territorial sea (article 2). This
is how finational territoryo as referred to in

The EEZ is an area beyond and adjacent to the territorial sea, subject to a specific legal
regime under international law (article 55). It is not subject to the sovereignty of any State
and thus not part of #fAnational territoryo (ar

In the EEZ, the coastal State has jurisdiction in some respects but not in others,

coll oquially referred to as Afunctional juris
The coastal State has jurisdiction as provided for in the relevant provi$iohGh.OS

with regard to artificial islands, installations and structures; marine scientific research;

and the protection and preservation of the marine environment (article 56).

The Hiropean Court of Justitbas also underlined the "merely functional" and "limited"
sovereignty of a Member State in its ElRAor exampleCase G111/05paragraph 59
andCase G347/10paragraph 35

Even thoughth¢ PCC g ui d e | dffshersareaetlieguidelings mustbe

understood according to the functional jurisdiction in the EEZ as regulated in UNCLOS.

The EEZ is thus not an fAoffshoreasarea over wh
referred to in the IPCC 2006 guidelines.

As stated abovehe coastal State has jurisdiction in the EEZ only as provided for in
UNCLOS (article55). There is no provision establishing jurisdiction of the coastal State
over pipelines in the EEZ or the seabed area on which the pipeline rests.

5 Chapter 1.1 Volume 1, 2006 IPCC Guidelines.

6 Judgment of 29 March 2007, Case C-111/05, Aktiebolaget NN v. Skatteverket, EU:C:2007:195, at paragraph
59. For an explicit confirmation by the ECJ of "the functional and limited sovereignty" of the Member State
over its continental shelf, see Judgment of 17 January 2012 , A. Salemink v Raad van bestuur van het
Uitvoeringsinstituut werknemersverzekeringen, Case C-347/10, EU:C:2012:17, paragraph 35, with explicit
reference to C-111/05, Aktiebolaget, paragraph 59
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The continental shelf regime in Part VI governs largely the same geographical area of
seabed as the EEZcording to dicle 79 of UNCLOS a coastal state cannot deny the
laying down of pipelinesn the continental shelliy other states. The article alsets out

the extent to which the coastal State can regulate such activity: it may take reasonable
measures for the exploitation of natural resources and for the prevention of pollution from
pipelines and must consent to the delineation of the course pifiElines. Additionally,

the delineation of the course for the laying of such pipelines on the continental shelf is
subject to the consent of the coastal State.

Given the legal framework of UNCLOS as described above, Sweden has no jurisdiction
over Nord Stream 1 and Nord Stream 2.

Neither do other relevant provisions in the IPCC guidelines state that the emissions from
Nord Stream 1 and Nord Stream 2 should be included in the Swedish inventory of
greenhouse gas emissiaisce neither the pipelines, nor the facilities connected there to,
has its national territory in Swedepr¢vision concerning fugitive emissions from

pipelines in Section 8.2.1 of Volume dee als@ection 1.2 oW olume 2[Energy])).

114 National emission targets

1.1.4.1  THE SWEDISH TARGET FOR 2045

In June 2017, the Riksdag adopted a proposal on a climate policy fran{&ootk Bill
2016/17:146jor Sweden which will give Sweden an ambitious, leagn and stable
climate policy. The climate policifamework consists of a climate act, new climate
targets(Figure 1.1)and a climate policy council. For more information about the climate

policy framework, see Swedenbés Seventh Nation
Historical Climate targets in the
emissions Climate Policy Framework

Sweden'’s total -37 % Net zero
emissions 1990-2022 by 2045

Max 15 % supplementary measures

Emissions in 41 % -63 % 75 %
the ”;enét‘;fd'”g 1990-2022 by 2030 by 2040

Max 8 % supplementary Max 2 % supplementary

measures measures
Emissions from -34 % -70 %
UEmEETE 2010-2022 by 2030
transport
Excl. domestic aviation Compared to 2010

Figure 1.1. Sw e d e mnafianal targets and historical emission up to 2022.
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Targets

1 By 2045, Sweden is to have no net emissions of greenhouse gases into the
atmosphere and should thereafter achieve negative emissions. This means
emissions from activities in Swedish territory are to be at ledsti®er by
2045 compared with 1990.

1 Emissions in Sweden outside of the EU ETS should, by 2030, be at |&ast 63
lower than emissions in 1990, and by 2040 at lea4tl@%ver. To achieve these
targets by 2030 and 2040, no more than 8 and 2 percentage points, respectively,
of the emissions reductions may be realised through supplementary measures.

1 Emissions from domestic transport are to be reduced by at |€agiy7R030
comparedo 2010. Domestic aviatidns not included in the goal since this
subsector is included in the EU ETS.

Supplementary measures may count towards achieving these goals. Supplementary
measures are such as increased uptake of carbon dioxide in forests and land, climate
investments in other countriesuntries in accordance with article 6 in the Paris
agreemenand negative emissions (for example-8i6S). International accounting
guidelines will be followed in order to account for these measures.

1.14.2 EFFORT SHARING DECISIONEU MEMBER STATES EMISSION TARGETS

The EU haglecided on climate targets that apply to the entire Union. All countries that
are part of the EU must participate and contribute to meet the climate goals and the EU's
contribution to the Paris Agreement. The EU's overall climate goal is to be climate
neutal by 2050 at the latest. In 2030, the EU's net emissions must be at least 55 percent
lower than they were in 1990.

The Effort SharindRegulation(ESR)establishes binding annual greenhouse gas emission
targets for Member States for the period 2@0B0. These targets concern emissions

from sectors not included in the EU Emissions Trading System (EU ETS) such as
transport, buildings, agriculture and wadteorder to reach the 55 percent target,

emissions in the ESR sector must be reduced by 40 percent compared to 2005. This target
has been distributed among the member countries based on the countries' GDP/capita
level. According to the distribution, Sweden will reduce the greenhouse gas emissions by
50 percent by 2030 compared to 2005.

7 The emissions only includes COs,.
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1.2 Institutional arrangements

UnderArticle 5 of the Kyoto Protocol each party in Annex Hi@introduce a national
system for estimating anthropogenic emissions by sources and removals by sinks of all
greenhouse gases not controlled by the Montreal Protocol by 1 Januarf2807.

Swedish National system for the GHG inventory was established in 2006 in accordance
with 19/CMP.1, 20/CP.7 and decision 280/2004/Ee national system has to ensure

the function of all the institutional, legal and procedural arrangements required to
calculate emissions and removals of greenhouse das#313, EU deision No.

280/2004/EC was replaced by the Monitoring Mechanism Regulation 525/2013/EC. The
Monitoring Mechanism Regulation has the same demands for national systems as the
Monitoring Mechanisndecision The Monitoring Mechanism Regulation was replaced in
2018 by the Governance regulation (2018/1999/EG) and from 2023 the new rules applies
to the greenhousegas inventofe system is also relevant for tRational inventory
arrangements decided on in 24/CPab8 also for the Paris agreement in accordante wi
18/CMA.1.

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

9 estimating and reporting anthropogenic GHG emissions and removals in
accordance with the Kyoto Protocol,

assisting Sweden in meeting its commitments under the Kyoto Protocol,
facilitating the review of submitted information,

ensuring andmproving the quality of the Swedish inventory and
guaranteeing that submitted data is officially approved.

= =4 -8 -8

The national system ensures annual preparation and reporting of the national inventory
and of supplementary information in a timely mannerthatithe inventory fulfils all

quality criteria, i.e. is transparent, accurate, consistent, comparable and conty@ete.
national system has now been updated to fulfil the requirements under the Paris
agreement and under EU law.

1.21 Legal arrangements

Thel egal Dbasis for Sweden6s national system i s
Reporting (2014:1434), which describes the roles and responsibilities of the relevant
government agencies in this area. The ordinance ensures that sufficient capacity is
available for reporting. The previous ordinance concerning climate reporting (2005:626)
was updated and expanded to fulfil the reporting requirements under the second
commitment period under the Kyoto Protocol and the EU Monitoring Mechanism
Regulation 52%013/EC.The ordinance has been updated again and now to fullfill the
requirements under the Paris agreement and under EU law, the Governance regulation
(2018/1999)lt also includes other improvements needed on the national level. The new
ordinance came into force in 20 superseding the previous ordinance
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Supplemental to theew ordinancgformal agreements between the Swedish
Environmental Protection Agency aathernationalagencies have been signed, listing in
detail what is required regarding content and timetable fromreaplonsiblexgency.

Sweden also has legislation indirectly supporting climate reporting efforts by providing a
basis for estimating greenhouse gas emissions and removals.

Environmental reports are submitted under the Environmental Code (SFS 1998:808), and
the Official Statistics Act (SFS 2001:99) imposes an obligdtotarge industrieso

submit annual data. In addition, government agencies in Sweden must comply by the
Information and Secrecy Act (SFS 2009:400).

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

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

1.2.2 Institutional arrangements

Preparinghe annual inventory and other reports is done in collaboration between the
Ministry of Climate and Enterpris¢ghe Swedish Environmental Protection Agency and
other government agencies and consultéggstions 0-27 of the Ordinance on Climate
Reporting (2014:1434) describe the tasks of the government agencies in the context of the
yearly inventory and reporting activity. The illustration in Figui2dnd Table 1L and

the associated text below describe in broad terms which organizations are involved in the
work of compiling documentation for the yearly inventory report and for other reporting

to the European Commission and the UNFCCC. Depending on the role olvérament
agencies in climateeporting activity, this responsibility may range for example from
supplying data and producing emission factors/calorific values to carrying out
calculations to estimate emissions. Agencies that have a responsibility ¢tgp#etin

the national peer review are indicated by red tefigure 12. Agencies thatvas added

to formally participatdrom submissior2015and onwardsire indicatedn italics. In

addition to what is described in the Ordinance, the Swedish Environmental Protection
Agency (Swedish EPA) engages the SMED consortium as consultants to conduct the
greenhouse gadsventory.
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GOVERNMENT AGENCIES

Swedish Energy Agency

Swedish Transport Analysis

Swedish Chemicals Agency

Swedish Board of Agriculture

Swedish Forest Agency

Swedish Environmental Protection Agency
Swedish University of Agricultural Sciences
Swedish Transport Administration

- UNFeoC

<— MINISTRY OF CLIMATE

i

Swedish Transport Agency =
Swedish Armed Forces IVL - Swedish
Swedish Meterological and Hydrological Institute (SMHI) Envrironmental
Statistics Sweden (SCB) Research lnsmule
Swedish International Development Cooperation Agency SMHI - Swedish
Swedish Medical Products Agency Meterological
Medical Products Agency and Hydrological
Swedish Civil Continengies Agency {MSB) Institute
The Swedish eHealth Agency SCB - Statistics
Sweden
SLU - Swedish
University of
Agricultural Sclences

Figure 1.2. The Swedish national system on climate reporting.

To be able to report accordihgdecision24/CP.19 and IPCC methodology guidelines

from 2006 and in accordance with 525/2013/EC the national system has been enlarged by
three governmental agencies; the Medical Products Agdmegwedish Civil

Contingencies Agency arible Geological Survey of Sweden.

1221 SINGLE NATIONAL ENTITY

The Swedish Ministry ofClimate and Enterprise the single national entity and has
overall responsibility for the inventory.

Postal address SE 103 33 Stockholm, Sweden

telephone +46 8 405 10 00

UNFCCC focal point: Responsible for reporting to EU and UN:

Mr. Mattias.Frumerie@gov.se Mrs. Sgrid Persson

M.climate@regeringskansliet.se  sigrid.persson@gov.se
M.climate@regeringskansliet.se

1.2.2.2  SWEDISH EPA RESPONSIBILITIES

The Swedish EPA is responsible for-oodinating the activities for producing the
inventory, maintaining theationalsystem and also for the final quality control and
quality assurance of the inventory.

The Swedish EPA sends the inventoryteedish Ministry of Climate and Enterpriged

T on behalf of the&swedish Ministry of Climate and Enterprissubmits the inventory to
the EU and to the UNFCCQhe Swedish EPA ialsoresponsible fomaking the
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greenhouse gas inventaayailable to the publicThe National inventoryocal pointat
the Swedish EPA is MJoel Bengtssan

1.2.2.3 AGENCIES RESPONSIBILITIES

Agenciesresponsibilities according to Ordinance on Climate Reporting (2014:1434) are
described in Table 1.1 below.

Table 1.1. Agencies responsibilities according to Ordinance on Climate Reporting
(2014:1434). Only the Agencies involved in the GHG inventory are included.

Sector Data and documentation provided by Peer review conducted by
Energy Swedish Energy Agency, the Swedish Swedish Energy Agency (energy sector
Transport Administration, the Swedish excluding transports)

Transport Agency, Transport Analysis, the Transport Analysis (transports)
Swedish Armed Forces.

Industrial Swedish Chemicals Agency, Medical The Swedish EPA (CO,, CH4 and N2O)

Processes  Products Agency. Swedish Chemicals Agency

and Product

Use

Agriculture  Swedish Board of Agriculture, Statistics The Swedish Board of Agriculture
Sweden (SCB).

Land Use, Swedish University of Agricultural Sciences  Swedish Forest Agency

Land-Use (SLU), Statistics Sweden (SCB), the Swedish The Swedish Board of Agriculture
Change And  Forest Agency, the Swedish Meteorological  (agriculture related parts)
Forestry and Hydrological Institute (SMHI), the
Sector Swedish Board of Agriculture, Swedish Civil

Contingencies Agency (MSB), the Geological

Survey of Sweden (SGU), the Swedish EPA.

Waste The Swedish EPA The Swedish EPA i another unit, not the
one responsible for data.

The Swedish Energy Agency also assists the Swedish EPA by providing information
regarding flexible mechanisms and the national register.

1224 THE SMED CONSORTIUM

The Swedish EPA engages consultants wliticumenteaxpert skills to conduct the
inventory 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. Aftetheprocurement had been completed, a framework contract was
signed with the consortium Swedish Environmental Emissions Data (S\V&dD)sisting
of the Swedish Meteorological and Hydrological Institute (SMHI), Statistics Sweden
(SCB), the Swedish University of Agricultural Sciences (SLU) and the Swedish
Environmental Research Institute (IVL). The contract between the Swedish EPA and
SMED did runduringnine years and covetithe whole first commitment period under
the Kyoto Protocol.

After a procurement in 2022 the contract with the consortium SMED was renewed for the
period (2023 2030). The structure of the consortium is the same as the previous period
with agency agreements for the national agencies (SMHI, SCB and SLU) and a

8 http://www.smed.se/
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negotiated procurement of services under the terms of the Public Procurement Act for the
Swedish Environmental Research Institute (IVL).

SMED receives data and documentation from responsible authorities as described above
(see Table 1.1and produces the data and documentation in the Swedish inverteyt

for some parts of the introductiatie trendsection in the NIRSwedish EPA) and the
supplementary information under KP about the Registry and the KP flexible mechanisms
(Swedish Energy Agency)

The regular inventory work is organized as a project involving all SMED organizations.
The project is run by a project management team with one person from each organization.
Statistics Sweden is main responsible for the energy sector, the agai@dtior and

parts of the waste sector, but is also involved in industrial processes since these are
closely connected to the energy sector. The Swedish University of Agricultural Sciences
is responsible for the LULUCF sector. The Swedish EnvironmentabRe#dastitute is

main responsible for the industrial process and product use sector and also parts of the
waste sector and energy secidie Swedish Meteorological and Hydrological Institute is
main responsible for production of gridded emission dataddition to the ordinary
inventory, SMED also conducts development projects necessary for improving the
inventoryon behalf of the Swedish EPA
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1.3 Inventory planning, preparation and
management

Thepresent Swedish greenhouse gas inventory was compiled according to the
recommendations for inventories set out in the UNFCCC reporting guidelines according
to decision24/CP.19decision6/CMP.9,the 2006 IPCC Guidelines for National
Greenhouse Gas Inventori@®13 Supplement to the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories: WetlaBfi$3 Revised Supplementary Methods and Good
Practice Guidance Arising from the Kyoto Protocol.

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

1.3.1 Quality system

The Swedish greenhouse gas inventory is compiled in accordance with the
methodologicabuidelines drawn up by the Intergovernmental Panel on Climate Change
(IPCC)andthe UNFCCC reporting guideline§he national system is designed to ensure
the quality of the inventory, i.e. to ensure its transparency, consistency, comparability,
completeness and accuracy. The Swedish quality system is based on the structure
described in UNFCCd@ecision20/CP.7 and applies a PDCA (piaui check act)
approachillustrated in Fgure 13. This 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.

Procedural Arrangements

Follow up Plan

Quality
principles

Check Do

Figure 1.3. Structure of the quality system.

The quality systenmcludes several procedures such as training of staff, inventory
planning and preparation, QA/QC procedures, publication, data storage, andujpllow
and improvements. All QA/QC procedures are documented in a QA/QET Pl

QA/QC plan also includes a scheduled time frame describing the different stages of the

9 Swedish EPA, National Greenhouse Gas and Air Pollutants Inventory System in Sweden
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inventory from its initial development to final reporting. The quality system ensures that
the inventory is systematically planned, prepared and followed up in accordance with
specified quality requirements so that the inventory is continuously develoged a
improved.

Theresponsibilities of the Swedish EPA and the other government agencies for the
quality system are describedparagraph 9 of th®rdinance orClimate Reporting
(2014:1434). The Swedish EPA and other government agencies which take part in the
climatereporting work have to ensure that the methodologies applied in the reporting and
inventories of emissions and removals attain the quality regfgirédto be possible for
Swedish climate reporting to be done in the correct manner and with correct information.
The government agencies have to have internal routines to plan, prepare, check and
act/follow up the quality work and consult one anothehwhe aim of developing and
maintaining a coordinated quality system.

The responsibility of SMED to maintain and develop an internal quality system is
described in the framework contract between the Swedish EPA and the consultants. The
SMED quality system is described in a detailed mafuBhe manuals updated

annually and lists all quality control steps that must be undertaken during inventory work
(Tier 1 and where appropriate Tier Spurcespecific quality assurance procedures for

Tier 2 and Tier 3 methodologies are described in the QC checklists (appendix 5 to the
manual) and in the work documentation (appendixt4)so includes descriptions of

roles and responsibilities, of databases and models, work manuals f@R&chtegory

and documented procedures for uncertainty and key source analyses, as well as
procedures for handling and responding to UNFCCC's review of the Swedish inventory.
It also handles followp and improvemerity procedures of neoonformity 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 inventoryigure 14 below shows a process description of the
annual Swedish inventory.

10 Manual for SMED:s Quality System in the Swedish Air Emission Inventories, available at www.smed.se

40



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2024

jan feb mar apr maj jun jul aug =ep okt nov dec jan feb mar apr maj jun jul aug sep okt
inventory preparation review

development - suhn'ssion

information regarding on who may participate in the flexible  information on activities under the flexible
Swedish Energy Agency data for energy sector available April 15 mechanisms under the Kyoto protocol. November 15 mechanisms under the Kyoto protocol. January 11
national review

Swedish Transport Agency data for transport available June 15
Transport Analysis data for transport available Jlune § national review
Swedish Armed Forces data for transport available June 15|

Swedish Transport data for aviation available April JjI

1
\NI Administration data for navigation available June le
E Medical Products Agency data for pharmaceuticals available May ]5| _3
N =
T Swedish Civil Contingencies data for forest fires/LULUCF available July L‘-I [Z
b=
(o] Agency data for waste sector available August 31I g
R F
data for agricultural sector available MaySll 01
Y Statistics Sweden e
data for agricultural sector available August :IEI =
0 3
A Geological Survey of Sweden data for LULUCF available July 15| o
T
Swedish University of
A K R b data for agricultural sector available May 15
Agricultural Stiences
Swedish Forest Agency data for LULUCF available July 15| national review
Swedish Met: logical and
wedish Veteorological an data for LULUCF available July 15|
Hydrological Institute
Swedish Board of Agriculture data for agricultural sector available August 15| national review
Swedish Chemicals Agency underlagsdata anvandning av ldsningsmedel och andra produkter tillgangliza 31 maj) national review
o Ministry of the
Swedish EPA decision on development projects limi - E:d = final SSole o
wedisl reliminary sul
p F EU UNFCCC A&
EU
national review
preliminary report, data for national review, delivery to
SMED data collection, calculations, quality assurance and guality controll
EU EU review from lanuary 15
UNFCCC international review

Figure 1.4. Overview of the Swedish GHG inventory planning, preparation and management.
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1.3.2 Training, awareness and skills

To meetthe quality criteriaset outin the UNFCCCand IPCCguidelines, experts from
different government agencies are participating in the inventory according to the
Ordinance on Climate Reporting (2014:1434). By involving these agencies, it is ensured
that the best expertise available in the country is involSkills of the part of SMED
(consultants) are ensured in accordance with the requirements laid down in the
framework contract between the Swedish EPA and the consultants. The levels of
consul tantds skil | sTheaerae about 20tagtive enoissisnl y r evi ewed
inventory experts in SMED involved in the preparation of2622 submission. In

addition, SMEDcompriseseveral national experts and senior researchers involved in
specific development projects.

Sweden actively takes part in the UNFCCC annual review procggeaihouse gas
inventories. SMED haa few lead reviewers aral least one expert reviewer for each
sector (Energy, Indusustrail Processes and Product Use, Agriculture, LULUCF, and
Waste) Experience gained from participation in the UNFCCC reviews feeds into the
process of improving the Swedigiheenhouse gasventory and helps to keep-tip-date
when changes are maderébevant UNFCCC and IPCC guidelines.

1.3.3 Inventory planning (PLAN)

Planningof the inventory fothe submission in year x starts in the fall of yea2 when
the Swedish EPA gets the preliminary budget for yehr&eneral priorities for the
inventoryaredecidedby the Swedish EPA based on

recommendations from international review not yet implemented in the inventory

recommendations from national peer review not yet implemented in the inventory

key category analysis (focus on major sources/sinks)

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

uncertainty of thenventory)

i ideas from SMED and the Swedish EPA on how to improve quality and
effectiveness of the inventory

1 new international and national requirements, decisions and guidelines

= =4 —a -9

Based on the priorities and on detailed information irufhaatedist on suggestionfor
improvements, SMED compilesgaosslist of development projects for the coming years.
Thegrosslist of development projects is discussed between SMED and the Swedish
EPA. During DecemberFebruary the Swedish EPA decides dricl projects should be
prioritized and prformed. The final prioritization is made in Decembebruary

In JanuaryJune (approximately) SMED is working with development projects. Reports

on the results and recommendations for implementation in the inventory are delivered to
the Swedish EPA who then decides how these new methods/activity data/emission factors
should be implemented in the inventory. In order to be able to implement results in the
current inventory with sufficient QA/QC, the Swedish EPA has to decide on
implementation in June.

From time to time, there is a need to change data provided by responsible authorities as

discussed above. When relevant, the Swedish EPA contacts responsible authorities and
discusseshe needs for updates.
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134 Inventory preparation (DO)

SMED collects data and information (as set out in Ordinance on Climate Reporting
(2014:1434)) for the greenhouse gas emissions and removals calculations from various
government agencies, organizations and companies over the period from April to August.
Thecalculations are performed in models, statistics programs and calculation programs in
April to September. Over the period from September to October, the material is put
together in a reporting format. A short description of data collection and procéssing

each sector is provided below. See secticB4@ a detailed descriptioRreparation of

the inventory is documented in detailed work documentation, which serves as instructions
for inventory compilers to ensure quality and consistency, and also serves as information
in the national review process

1.34.1 ENERGY- STATIONARY COMBUSTION

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

Manufacturing industries: Data mainly from the Quarterly fuel statistics (KvBr), a

sample survey conducted by Statistics Sweden. In some cases data from the Energy use in
themanufacturing industry (ISEN) or ETS is used as a complement. All data is at plant

level and by fuel type-or some petrochemical plants and cement industry plants, data

from the European Union Emission Trading Scheme (ETS) is used.

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 Swedish
Energy Agency, and emission factors provided by the Swedish EPA

1.3.4.2 ENERGY- MOBILE COMBUSTION

Data on fuel consumption at national level and by fuel type is collected from Statistics
Sweden and used in combination with emissions data and fuel data fr8wetiesh
Transport AdministrationtheSwedish Transport Agen@nd the Swedish Military.

Activity data is multiplied by thermal values, mainly provided by Statistics Sweden, and
emission factors provided by the responsible authorities.

1.3.4.3 ENERGY1 FUGITIVE EMISSIONS

For flaring hydrogen productiorand burning of makep cokeatrefineries, activity data
andCO; emissions from ETS are used for 2005 and |&erearlier yearspational
statistics and implied emission factor for £&(0e usedFor noRCO; emissionsemissions
from environmental reports (if available) gular emission factors for stationary
combustion are used.

Fugitive emissions from refineries and from storage of petroleum products at storage
depots are mainly compiled from the facilities' environmental reports. Estimates of
fugitive emissions from gasoline stations are calculated from fuel data provided by the
Swedish Transpo/dministration.
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Transmission and distributidosses of natural gasatural gagnd gaworksgas are
estimated using national metrsahd data fronenvironmental reports and directly from
the companies€Emissions from veting and flaring of natural gage mainly estimated
using information from companies.

1344 INDUSTRIAL PROCESSE&ND PRODUCT USE

Greenhouse gas emissions from industrial processes and product use are based on
information from various data sources.

The reported data for industrial processes is mainly based on informatioplé&nam
specificenvironmental reporfendfrom 2005 onwardsjata from the EU ET.S~or some
minor plants, and when plaapecific environmental reports are not availaale,
combination of data sources are utethake approximate estimat@soduction

statistics, national statistics amdplied emission factors (IEFs) based on similar
industries DefaultIPCC methods and emission factors are used to some extent where
national methods are not available.

Data used for estimating emissions from solvent and other product use are based on
national activity data obtained from the Products Register kept by the Swedish Chemicals
Agencyand nationally derived emission factors

Emissions of fluorinated greenhouse gases are estimated based on national import and
export statistics from the Swedish Chemicals Agedata from the SPIN database
(Substances in Products in the Nordic Countrigafipnal vehicle statistics, national
emission factors, compasgpecific informationimport of amounts of HFCs in products,
and in some cases default IPCC emission factors

1.3.45 AGRICULTURE

Data on animal numbers, crop areas, yields, sales of manure, manure management and
stable periods are taken from official statistical reports published by the Swedish Board
of Agriculture and Statistics Sweden. Some complementary information is collemted f
organisations and researchers, such as the SwedighA3sociation, Swedish Poultry

Meat Association, SLU and the Swedish Institute of Agricultural and Environmental
Engineering.

1.3.4.6 LAND USE, LAND USE CHANGE AND FORESTRY

Estimates presented in the LULUCF sector are mainly based on data from tlea&LU
the Swedish EPAThe SLU provides data from the National Forest Inventoryttand
Swedish EPA provides datiaam the Swedish Soil Inventor¥he two inventories are
integrated and use the same irdgteucture for the field samplingpart from those two
inventories data fromthe Swedish Forest Agency, the Swedish Meteorological and
Hydrological Institute (SMHI), the Swedish Board of Agriculture, Swedish Civil
Contingencies Agency (MSB§tatistics Sweden (SCBhd the Swedish environmental
reporting portals used.

1.3.4.7  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
Federatio and the Swedish EPA. If new data on organic content in household waste or
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other relevant research is published, such reports are also considered. Profu, an
independent research and consultant company in the areas of energy, environment and
waste management, provilestimates of deposited organic fractions of industrial waste
until year 2005

Emissions reported for waste incinerati@mre compiled from the facilisyannual
environmental reports.

1.3.5 QA/QC procedures and extensive review of GHG inventory

The national system is arranged accordindgcision24/CP.19 and 19/CMP.1 (and all
related decisions). This means that the same legal arrangements and the samesQA/QC
used but enlarged to deliver according to the demands under the Kyoto Protocol as well
as under the conventipn

1.35.1 QUALITY CONTROL

Quality control is the check that is made during the inventory on different types of data,
emission factors and calculations that have been made. The quality control takes place
according to general requirements (Tier 1) which apply to all types of dadaass

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. In this inventory,
general Tier 1 QC measures, accordingjable 6.1 in 2006 IPCC Guideés, have been
carried out as follows:

]

Documentation of assumptions and criteria for the selection of various
parameters

Transcription errors in data input and references

Calculations are made correctly

Parameters, units and conversion factors are correct

Integrity of database files

Consistency in data between source categories

Correct movement of inventory data between processing steps
Uncertainties are estimated and calculated correctly

Time series consistency

Recalculations, checked and documented

Completeness check

Trend and outlier analyses

Review of internal documentation and archiving

=4 =4 -8_8_-9_-2_8_95_9_29_--1°_-2

In addition, source specific Tier 2 QC procedures are carried out for several categories
(Table 1.2.
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Table 1.2. Source specific Tier 2 QC procedures carried out in the inventory.

CRT Action

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

and and emissions of  order to check activity data and EF, several quality control projects have
parts of CO; been carried out over time comparing the inventory data with information
2 from environmental reports and EU ETS data.

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.
2.A.2 Lime production, Emissions are calculated using both the bottom-up (data from EU-ETS)
process emissions and the top-down method (data from the Swedish Lime Assocication for
of CO; most years and Statistics Sweden). The results have been compared and

differences commented.

2.B.2 N.O-emissions from Bottom-up production data could not be compared to official data since
Nitric Acid official data were not available in the statistical database. Only one
production company produces nitric acid. Calculation methods, abatement technique

and production capacity is based on information achieved directly from
the company.

2.C1 Iron and steel Activity data are checked with fuel combustion data in order to avoid

production double counting of emissions or omissions. Activity data is also compared
to trade statistics. IEF are compared to IPCC default values.

2.C3 PFC emissions Documented process information obtained directly from the company
from aluminium enable plant-specific data checks.
production

2.F Product uses as Differences between country specific emission factors and default
substitutes for ODS emission factors from IPCC Guidelines are documented.

5A Solid waste Survey data collection methods are reviewed and data is cross-checked
disposal (CHa) with the data for the previous years.

5B Biological treatment Input parameters are reviewed by waste experts.
of solid waste (CH,4
and N,0)

In addition to the source specific QC procedures listed in Table 1.2, asexiesal

control tool was developed in submission 2018, aiming to allocate@@sions from
industrial plants correctly betwe€@RT 1 and 2 and to ensure that total emissions are
accounted for across the entire inventory, by facility. When allocating emissions to
respectiveCRT codes, the IPCC guidelines have been applied as far as possible. All
industrial facilities where both energy and process relatede@¥sions occur have been
crosschecked between respecti@RT sector.

This includes refineries as well as facilities from the mineral, chemical and metal
industry. For each of the relevant facilities, total emissions reported in the energy sector
and IPPU are compared to both EU ETS data (if available) and environmentihgepo
provided by facilities. Quality control is therefore being conducted on a facility level. In
case of discrepancies, they are easily identified and further investigated regarding
potential gaps adouble countingThe tool is used on an annual basis.

When inventory data are compiled by SMED, detailed diagrams of trends are produced,
together with tables showing the detailed data and a comparison with last years
submission. A review and QA/QC of trends and recalculations is then performed
sectorwise byector experts at the Swedish Environmental Protecion Agency and from
SMED, at meetings where questions and explanations of data, trends and recalculations
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are discussed. The review meetings are documented, including if any revisions to the data
are needed.

When reviewed and final data from the database have been imported iGRTables,
SMED:s inventory staff responsible for the reporting database checks that the tables are
correct.

The NIR is reviewed by the SMED coordinator before delivery to the Swedish EPA.

Before delivery of the inventory to the Swedish EPA the SMED coordinator checks serve
as both quality control and quality assurance in accordance with the 2006 IPCC
guidelines.

1.35.2 QUALITY ASSURANCE

The Swedish QA/QC system includes several QA activitigside the SMED QA/QC
proceduresAt the final stages of completion of the inventory, the Swedish EPA performs
a peer review for each sector.

The Swedish QA/QC systeatsoincludes national peer reviews bgctorialauthorities.

The peer review is defined in the Ordinance on Climate Reporting (2014:1434) and is, for
all sectors, conducted by a person who has not taken part in the inventory preparation.
The Swedish EPA is responsible for coordinating the peer revieais. the 2016

submission, the national peer review is conducted in two steps:

1 Annualnational review The aim of the review is to check the robustness of the
national system and to guarantee that politically independent emissidns
removalsdata is reported. The review is performed by ségtauthorities prior
to submissiorio meet the demands in 19/CMP.1 annex paragraih)15

1 In-depthexpert peereview Eachyear there will also be an in depth peer review
of one sector or part of a sectdhe choice of sector depends on the outcome of
the results from the EU and UNFCCC reviews arieéhational review has
identified problems or other needs discovered by SMED inventory experts or
Swedish EPA. The aim of the-depth expert peer review is to improve the
inventory data quality. The review is performed by séatauthorities and other
national and international expeitsorder to meet the demands in 19/CMP.1
annex paragraph 15 (c).

The annual national revieis organised aadesk reviewBefore thedesk reviewthe
sectoral authorities haveeceivedthe NIR andthe CRT data After finalizing the review,
the reviewers give feedback and infattme Swedish EPA they find the inventory
reliable and independerit,the trendsare correcandif the national systeris functional.
Any recommendations for improvements are recorded in the list of suggested
improvements described in sectibi3.5.5

Thein-depth expert peer reviewcludesmethodologies, models, activity data and

emissions factorsThe reviewers also identify areas for improvement, which consolidates
the basis for improvements in coming submissions. Results from the national peer review
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are documented in review reports. Recommendations from the review reports are
collected to the list of suggested improvements described in sécBiénb

Togethemwith Denmark, FinlandNorwayand IslandSweden arrangesnualexpert
meetingsvhere GHG inventory compilers discussmmonproblems and resls for e.qg.
revised methods and further inventory development

The UNFCCC secretariat administers an international peer review of Swedish reporting
after submission. Recommendations from the review reports are collected to the list of
suggested improvements described in sedi8rb.5(cf Chapterl0).

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

1.3.5.3 FINALIZATION, PUBLICATION AND SUBMISSION OF THE INVENTORY
Theresults are published nationally by the Swedish Environmental Protection Agency in
late November or early December each year. The Swedish EPA delivers the greenhouse
gas inventory to the Ministry of Environmeite working days before the preliminary
reporting to European Commission (January 15th).

The Swedish EPA, on behalf of the Ministry of Environment, submits the inventory to the
European Commission on Januaagd Mach 15th and to the UNFCCC on April 15th.
Reported data in the submission of yeaslates to the series of emissions years from

1990 up to and including ye&®, in other words emissions which took place during120

are reported in early 28.

1.354 DATA STORAGE

A system for handling datalated to the inventoryentitled Technical Production System
(TPS}, has been developed and was implemented for the first time in submission 2007.
It supports data input from text files and Microsoft Excel sh@éts.system is owned

and maintained by the Swedish EPA, and allows data to be gathered from SMED.
system is encrypted and approved for handling data considered confideortizll CRT-
categories and sutategories, time series from 1990 onwards of emission data, activity
data, and implied emission factors where relewaari be presented. The system allows
for different types of datexports e.g. to an xmfile or to MS Excel that are used to
produce national statistics as well asithport formats foICRT Reporter forsubmission

to the EU and UNFCCCQCRT-tables are then generated using the export functiQiRin
Reporter.

The Swedish EPA is responsible for archiving data and documentation on the calculations
of each submission. This is done in the archiving system of the agency following national
rules and regulations.

1.3.5.5 FOLLOW-UP AND IMPROVEMENT (ACT)

Each year, all comments received from national and international reviews that are not
already addressed and also ideas from SMED and the Swedish EPA are compiled into a
list for suggestions on improvements. From this list, development projects are formed
each year as describes in sectloB.3 All suggestions not implemented one year is kept

on the list for next yeain Table 13 below implemented improvemeih this

1 https://tps.naturvardsverket.se/
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submission due to major development projects are preséittest. corrections, emission
estimation improvements and updates of various statistics are described under each
source category in sectionr83below.In addition, improvements related to transparency
of the NIRare continuousladdressed in response to questions raised by national experts
during the national peer review, and in response to previous ERT recommendations.

Table 1.3. Summary of implemented improvements in this submission due to major
development projects.

Sector/CRT Implemented improvement  Quality Need Reference to NIR
category criteria identified by section
(TCCCA)
1.A3b& A-tractor cars are reallocated Comparability, National 3.2.175
Working from mobile machinery to transparency experts
machinery road traffic.
categories
3.D.a.3. Urine  Emission factors are Accuracy, National 54.1.2.9
and dung updated in accordance with transparency experts

deposited by 2019 Refinement.

grazing

animals

4.A-F.2 Re-evaluation of CSC Accuracy, ERT NIR. Annex 3:2
factors for land use change transparency
categories.

5.B.2 Updated national emission Accuracy National 7.3.1.5
factors for CH4 experts

Each year, the Swedish EPA follows up on delivered data from responsible agencies to
ensure correct and appropriate data for sakinission.

Development of TPS such as additional functions etc. is organized in a similar way as for

the inventory: Ideas are compiled into a list, and from this list issues to be implemented
are prioritized.
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1.4  Brief general description of methodologies
and data sources used

1.4.1 GHG inventory

Emission estimates are mainly based on data from national or official Swedish statistics,
e.g. energy statistics, European Union Emission Trading Scheme (E&?ETS)
environmental report§ agricultural andorestry statistics, as well as data on production
(e.g. cement) and consumption (e.g. fluorinated gasgas€s) obtained directly from the
major producers and consumers, respectively.

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

The methodol ogies used for Swedends greenhous
accordance with th2006 IPCC Guidelines for National Greenhouse Gas Inventories

(2006 IPCC Guideline¥). In some cases, the methodologies prescribed iR¢hised

1996 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC Guideélarek)

the IPCCGood Practice Guidance and Uncertainty Management in National Greenhouse

Gas Inventories (Good Practice GuidattdPCC’s supplementary guidelines for

Wetlands (WL GL') are also usedome parts of the methodologies are taken directly

from the EMEP/EEA air pollutant emission inventory guidebook (formerly called the

EMEP CORINAIR emission inventory guidebodK).

For an overview of the methods used in all sectors, see Summary IR THables and
in each sector section, where a detailed explanation on data sources and methodologies is
given.

The combined effect of various greenhouse gases has been calculated using global
warming potential factors (GWRcording talecision 5/CMA.3 to the Paris Agreement
and presenteith Annex 8.4to the NIR These are developed by the IPCC and are used as
a means of comparing the relative significance of various gases in terms of their
greenhouse effect, expresseCO,-equivalent Decision 5/CMA.3 refers to the use of
GWP from the Fifth Assessemnt report of the IPCC.

Emission factors and thermal values for the energy sector are provided in Annex 2.

12 See Annex 8.1

13 See Annex 8.3

14 The 2006 IPCC Guidelines can be found at: http://www.ipcc-nggip.iges.or.jp/public/2006gl/ index.html
15 The IPCC Guidelines can be found at: http://www.ipcc-nggip.iges.or.jp/public/gl/iinvs1.htm

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

17 The WL GL can be found at http://www.ipcc-nggip.iges.or.jp/public/wetlands/index.html

18 The EMEP/Corinair Guidebook can be found at: http://tfeip-secretariat.org/unece.htm
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1.5 Brief description of key categories,

including for UNFCCC

1.51 GHG inventory (including and excluding LULUCF)

According tothe 2006 IPCC Guidelinekey categories in a national inventory should be
identified in order to prioritize the efforts in improving the quality of the inventory

esti mat es. Key categories are defined as sour
i nfluence on a toryofdirett grgedhsusd gasesan termsrofithe n
absolute |l evel, the trend, or the uncertai

of level and trend key categories is donénin differentapproachesThe twoapproaches

differ in the sense thatpproact? also includes information of uncertainties. According

to the UNFCCC reporting guidelines, Annex | Parties shall identify their key categories

for the base year and the latest reported inventory year, using approach 1, level and trend
assessment, including and excluding LULUCF. Parties are encouraged to also use
approach 2 and to add additional key categories to the result of apprddehrésulting

key categories from the two approaches are presented under each source category
description okections3-7, inCRT table 7 Table 1.4 belowand inTable A1.1i A1.8 in

Annex 1.In Annex 1the methodology is discussed in detail and the corresponding

background tables, according to @06 IPCC Guidelingsare presented.

Table 1.4. Approach 1 and approach 2 key categories 2022 in terms of level and trend.

Including Excluding
GHG LULUCF LULUCF
IPCC Source Category App.1 App.2 App.1 App.2
1 A 1 a Public Electricity and Heat Production: Biomass N2O L,T LT
1 A 1 a Public Electricity and Heat Production: Gaseous Fuels CO; LT
1 A 1 a Public Electricity and Heat Production: Liquid Fuels CO; LT LT
1 A 1 a Public Electricity and Heat Production: Peat CO; LT T
1 A 1 a Public Electricity and Heat Production: Solid Fuels CO; LT LT LT LT
1 A 1 a Public Electricity and Heat Production:Other Fuels CO; LT LT LT LT
1 A 1 a Public Electricity and Heat Production:Other Fuels N.O T T
1 A 1 b Petroleum refining: Gaseous Fuels CO; LT LT
1 A 1 b Petroleum refining: Liquid Fuels CO; LT LT LT LT
1 A 1 ¢ Manufacture of Solid fuels and Other Energy Industries:
Solid Fuels CO; LT L,T L
1 A 2 alron and Steel: Gaseous Fuels CO; T L,T
1 A 2 alron and Steel: Liquid Fuels CO; LT L
1 A 2 a lron and Steel: Solid Fuels CO, LT L,T
1 A 2 b Non-ferrous metals: Liquid Fuels CO; L
1 A 2 ¢ Chemicals: Gaseous Fuels CO; L
1 A 2 ¢ Chemicals: Liquid Fuels CO; LT L
1 A 2 c Chemicals: Other Fuels CO; T
1 A 2 ¢ Chemicals: Solid Fuels CO; T
1 A 2 d Pulp, Paper and Print: Liquid Fuels CO, LT L,T LT

51

nty



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2024

Including Excluding

GHG LULUCF LULUCF
IPCC Source Category App.1 App.2 App.1 App.2
1 A 2 d Pulp, Paper and Print: Other Fuels CO, LT
1 A 2 d Pulp, Paper and Print: Solid Fuels CO, T T
1 A 2 e Food Processing, Beverages and Tobacco: Gaseous
Fuels CO, L
1 A2 e Food Processing, Beverages and Tobacco: Liquid
Fuels CO, L,T T
1 A 2 f Non-metallic minerals: Gaseous Fuels CO; L,T
1 A 2 f Non-metallic minerals: Liquid Fuels CO; L L,T
1 A 2 f Non-metallic minerals: Other Fuels CO; LT L,T L,T LT
1 A 2 f Non-metallic minerals: Solid Fuels CO; LT L,T LT
1 A 2 g vii Off-road vehicles and other machinery: Liquid Fuels CO, LT L L,T LT
1 A 2 g viii Other: Liquid Fuels CO; LT L,T T
1 A 2 g viii Other: Solid Fuels CO; LT LT
1 A 3 a Domestic Aviation: Jet Kerosene CO; LT LT L
1 A 3 bi Road Transportation, Cars: Diesel CO; LT LT LT LT
1 A 3 b i Road Transportation, Cars: Diesel N,O T LT
1 A 3 b i Road Transportation, Cars: Gasoline CH, T T
1 A 3 b i Road Transportation, Cars: Gasoline CO; LT L,T L,T LT
1 A3 biRoad Transportation, Cars: Gasoline N.O T T
1 A 3 bii Road Transportation, Light duty trucks: Diesel CO; LT L L, T L,T
1 A 3 bii Road Transportation, Light duty trucks: Gasoline CO, L, T T
1 A 3 b iii Road Transportation, Heavy duty trucks: Diesel CO; LT LT LT LT
1 A 3 b iii Road Transportation, Heavy duty trucks: Diesel N,O T LT
1 A 3 b iv Road Transportation, Motorcycles: Gasoline CO; L,T
1 A 3 d Domestic Navigation: Gas/Diesel CO; LT LT
1 A 3 d Domestic Navigation: LNG CH,4 T
1 A 3 d Domestic Navigation: LNG CO; L L L
1 A 3 d Domestic Navigation: Residual Oil CO; L LT LT
1 A 3 e Other Transportation: Total CO; LT LT LT
1 A 4 a Commercial/Institutional: Gaseous Fuels CO; LT LT LT
1 A 4 a Commercial/Institutional: Gasoline CO: L
1 A 4 a Commercial/Institutional: Liquid Fuels CO, L
1 A 4 b Residential: Biomass CHg4 LT T L,T LT
1 A 4 b Residential: Biomass N.O L L
1 A 4 b Residential: Liquid Fuels CO; LT L,T L
1 A 4 c Agriculture/Forestry/Fisheries: Domestic Heating Oil CO; T
1 A 4 c Agriculture/Forestry/Fisheries: Liquid Fuels CO; T
1 A 4 c Agriculture/Forestry/Fisheries: Solid Fuels CO, LT L,T LT
1B 2 a Oil CO, LT
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Including Excluding

GHG LULUCF LULUCF
IPCC Source Category App.1 App.2 App.1 App.2
1 B 2 ¢ Venting and flaring CO, T
2 A 1 Cement Production CO, LT L L,T LT
2 A 2 Lime Production CO; LT L,T
2 B 10 Other CO, LT LT LT
2 B 2 Nitric Acid Production N.O T T
2 C 1 Iron and Steel Production CO, LT L,T L,T LT
2 C 2 Ferroalloys production CO, LT L,T
2 C 3 Aluminium production CO, LT L,T
2 C 3 Aluminium production PFCs T T
2 C 7 Other CO; LT L,T
2 D 1 Lubricant use CO; LT L,T L,T LT
2 D 3 Other CO; L
2 F 1 Refrigeration and air conditioning HFCs LT L,T L,T LT
3 A 1 Dairy cattle CH, L
3 A 1 Non-dairy cattle CHg4 LT L,T L,T LT
3 A2 Sheep CHa LT LT LT LT
3 A 4 Horses CHg4 L,T LT
3 A 4 Raindeer CH, LT L L,T LT
3 B 1 Dairy cattle CH, L L
3 B 1 Dairy cattle N,O L L
3 B 1 Non-dairy cattle CH,4 L
3 B 3 Swine CHy LT LT LT
3 B Indirect N20 emissions N,O L LT
3 D a1l Inorganic N fertilizers N2O L
3 D a 2 a Animal manure applied to soils N,O LT LT
3 D a2 b Sewage sludge applied to soils N,O LT LT LT LT
3 D a 2 c Other organic fertilizers applied to soils N,O LT LT LT LT
3 D a 3 Urine and dung deposited by grazing animals N2.O T
3 D a 4 Crop residues applied to soils N.O LT
3 D a 6 Cultivation of organic soils (i.e. histosols) N,O L,T LT
3 D b 1 Atmospheric deposition N,O LT LT LT LT
3 D b 2 Nitrogen leaching and run-off N,O T LT
3 G Liming CO; LT LT L LT
4 A 1 Forest land remaining forest land CO, L,T L LT
4 A 2 1 Cropland converted to forest land CO, L L,T L LT
4 A 2 2 Grassland converted to forest land CO> L
4 A 2 4 Settlements converted to forest land CO, LT L,T - -
4 A Drained organic soils CH4 LT L,T - -
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Including Excluding
GHG LULUCF LULUCF
IPCC Source Category App.-1 App.2 App.1 App.
4 A Drained organic soils N,O LT L,T - -
4 B 1 Cropland remaining cropland CO, LT L,T - -
4 B 2 2 Grassland converted to cropland CO; L L,T - -
4 B Drained organic soils CH4 LT L,T - -
4 C 1 Grassland remaining grassland CO; LT L,T - -
4 C 2 1 Forest land converted to grassland CO, LT L,T - -
4 C 2 2 Cropland converted to grassland CO, LT - -
4 D 11 Peat extraction remaining peat extraction CO, LT L,T - -
4 E 2 1 Forest land converted to settlements CO: LT L,T - -
4 E 2 2 Cropland converted to settlements CO: LT L,T - -
4 G Total HWP from domestic harvest CO; LT LT LT LT
5 A 1 Managed waste disposal sites CH, L, T
5 C 1 Waste Incineration CO; LT L,T L,T LT
5 D 1 Domestic wastewater N,O LT L,T - -

L=Level, T=Trend.
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1.6 Information on QA/QC

See sectiol.3.

1.6.1 QA/QC Procedures
See sectiod.3.5

1.6.2 Verification activities
See sectiol.3.5

1.6.3 Treatment of confidentiality issues

Several data sourcelat are used for producing emissions estimates for the invearry
confidential at micro level (e.gompany omplant level) This is the case for
- statistical surveysnfuel consumption used the energyand manufacture
industries(CRT 1A1, 1A2)
- information collected for the EU Emissions Trading System
- data from the Products Register at the Swedish Chemicals Agency used in
Solvent and other product useRT 2)
- data on sold medicines from Swedish eHealth Agency.
- data from the Swedish portal for environmental reporti®ig T 2, 5C)

A thoroughconfidentiality analysis, using a Peéle'®, has been conducted for sectors

using statistics from statistical surveys on fuel consumption and inforntatiected for

the EU Emissions Trading System. Results basediomnata from Swedish Chemicals
Agency and Swedish eHealth Agency ace classifiedn the CRT-tablessince the

aggregation level is highnough to prote@ompany dataWhen the confidentiality

analysis showed that a certain category should be classified to protect data of one or more
companies, the companies have been asked to give consent to publish the data. If the
company declined or a consent conft be acquired, thdataareconsideed confidential
andmarkedisi ng no€Chation key 0

Sweden hapreviouslyaggregated confidential data submission of 2015 and 2016

(e.g. between fuel groups within subcategories). While this method avoided using

not ati on kKRablesihe aggragatiors eesulted in inaccurate implied

emission factors for those fuel categories. Furthermore, it is difficult to ensure that
aggregations are made consistently from submission to submission since different sectors
may be considered confidentfal different years depending on (i) the quantity of energy
use/production levels of specific plants or (ii) if companies have provided consent for
publishing statistics for the specific year (consent is normally given3oyears at a

time).

An internal review performed during 2016 of the use of confidential data in the inventory
showed that additional data should be considered confidential compared to previous
submissions in order to comply with the Public Access to Information and Secrecly Ac

the Swedish law. This had implications for emissions estimates and activity data based on
data from the EU ETS and energy statis{idss has affected some sgbctors in

Brhis i mplies that it is mathematically impossible to derive

probability
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stationary combustiorCRT 1) and industrial processes and product @$€1(2), which
have been classified with the notation keyn@dential(C).

Swedenis working continuously with improving the transparency of our reporting and
strives to minimizehe extent of confidentiality in inventory dafhis is donéyy

contacting alcompanies that causes confidentiality issues by eandibr phone. This

has led to a decase in the number of companies causing confidentiality issues. In

addition to this, Sweden has and are also planning to set up meetings with companies that
have a largenipact on thewumberof confidentialdata pointsn the inventory adwhere

consent has not previously besquired Unfortunately this did not change the outcome

for submission 222, but there was a good dialogue with the company in question and we
are planning to continue with the methadsubmission 2023, allocation between codes
were again i mplemented in orderCRTtables educe the
(affectingCRT codes 1A1b and 1B).

56



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2024

1.7 General uncertainty evaluation

1.7.1 GHG inventory

An uncertainty analysis has been performed according tapi®ach. method

described i'WVolume 1,Chapter 3 of the 2006 IPCC guidelines. See Annex 7 for the

results and for a description of the method u3ée. analysis has been performed both
including and excluding LULUCF. According to the IPCC Guidelines, uncertainty
estimates are an essential part of an emission inventory. They should be derived for each
variable used in the inventory (measured emissiactivity data and emission factors)

and aggrgated into uncertainty estimates in total national emissions and emission
changes over time (trends). The 2006 | PCC
analysis should be seen, first and foremost, as a means to help prioritise national efforts to
reduce the uncertainty of inventories in the future, and guide decisions on methodological
choiceo.

Themethoalogyis based on uncertainty coefficients for activity data and emission
factors. The uncertainty coefficients have in many cases been assigned based on expert
judgement or on default uncertainty estimates provided itPtG€ 2006 guidelingsf

not enough background data was available to make actual statistical uncertainty
calculations. Hence, some caution should be taken when interpreting and assessing the
uncertainty results.

Uncertainty estimates have been performed for the base year 192022{dr direct
greenhouse gases, e.g.£O0Hs, N,O and Fgases and are presented é%@5nfidence
intervals.

When reporting the results in the Nlicertainties are presented on the same
aggregation level as the key categories. The purpose is to facilitate combined use of the
two analyses, since both aims at showing what parts of the inventory are especially
important and/or weak. This is importanfarmation when planning future inventories

and, above allwhenusing and evaluating the inventory results.

Continuous efforts are made to improve the uncertainty estimates, for example by
contacting external experts for better information on different sources. Cawéng
development project, uncertainties in estimated activity data and emission factors are
overhauled and revised when needed.

1.7.1.1 RESULTS

The results of the uncertainty calculations according to the appitdaclthe base year
(1990)and2022are presented in Annex The overall uncertainty fahe base year and
last emission yeaP022GHG emissions (in C&£eq.) in Sweden is calculated to be
+4.58% (1990) respectivel¥3.16% (2022, excluding LULUCF (Figure 1.5). A
considerable part of the overall uncertainty stems from uncertainty in the agricultural
sector CRT 3). When including LULUCF in national total emissions the uncertainty
increases#45.2% in base year antll92.32% in 2022, whichis due to the combination
of large (and increasing) net removals in LULUCF in combination of the prominent
decrease in fossil emissions (Figure 1.5).

Table 15 shows the ten sources with the largest uncertainty contributions in the inventory
for 2022 excluding LULUCFE

57

Gui



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2024

80 000 71263

60 000 =

40 000

20 000 6924 7438 6513 7406 9444146
—_

O | — — | L — ] f— — | _——— _———
Total (excl. Total (incl. CRF: 1 CRF: 2 CRF:3 =E=3 CRF: 5
20000 | ULUCF) LULUCF) =—

-40 000

kt CO2eq

-41218 ==
-60 000 -51390

E Total emissions or removals in 2022 (kt CO2-eq)

E Total emissions or removals in base year (kt CO2-eq)

Figure 1.5. Uncertainty estimates for emission year 2022, as 95% confidence intervals, in
national total emissions (excluding and including LULUCF) and by sector.

Table 1.5. The ten sources with the largest uncertainty contributions in the Swedish
inventory for 2022, excluding LULUCF (Contribution to level approach 2).

IPCC Source Category GHG Year 2022 Combined Relative
emissions uncertainty contribution
or removals (%) to variance
(kt CO2-eq.) in year 2022
(%)
3 D a Iinorganic N fertilizers N20 769.78 80.2 18.63
3 D a 6 Cultivation of organic soils (i. 12.96
histosols) N20 604.36 85.1
1 A 1 a Public Electricity and Heat 11.54
Production:Other Fuels COo2 3101.18 15.7
3 A 1 Nordairy cattle CH4 1619.62 255 8.34
3 D b 1 Atmospheric deposition N20 83.52 400.5 5.48
2 F 1 Refrigeration and air conditionir HFCs 785.82 38.4 4.46
3 D a 4 Crop residues applied to soils N20 360.22 82.5 4.32
3 B Indirect N20O emissions N20 72.50 400.5 4.13
5 A 1 Managetvaste disposal sites CH4 509.09 55.9 3.96
3 A 1 Dairy cattle CH4 1240.85 20.6 3.20
Total T7%

The uncertainty of the trend of national total greenhouse gas emissions, excluding
LULUCF, was £ 1.9 %. The uncertainty in the trend peecentage point range, relative

to the inventory trend and should be interpreted a8 #4lis the estimated percentage
point difference compared to the general trend. l.e. there is a 95% probability that the
decrease in GHG emissions in Sweden (excluding LULUCF) between 1990 and 2022 (
26.0 Mt CO»-eq.) is in the intervai34.6 % to-38.4 %.

Estimates of carbon stock changes originate mainly from a sampling design with the

intention to keep systematic errors as low as possible. The systematic error is reduced by
using representative functions, by direct measurements in field and laboratory
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measurements. We assume that the major source of uncertainty arises from random
variation due to sampling. The sampling error is estimated using statistical theory for

living biomass and partly for other carbon pools (all Tier 3). A consistent methodology

for estimating carbon pools has been used from 1990 and onwards. Therefore, we expect
the uncertainty to be the same for all years where all sample units are used to estimate the
annual change. The uncertainties for other categories are baktd@iulefait and

expert judgment.
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1.8 General assessment of completeness

In the following sectionthe completeness of the GHG inventory is described.

1.8.1 GHG inventory

The inventory covers all mandatory GHGurces and sinks in Sweden. All greenhouse

gases are covered. The general completeness for each sector is discussed below. Detailed
information is presented in Annex 5.

1.8.2 Energy

Fugitive emissions of CHrom charcoabnd biochaproduction are reported as NE since
no method for estimating these emissions is providédeiB006 IPCC Guidelines.

1.8.3 Industrial Processes and Product Use

For most sources, and particularly for the most important ones, the estimates are in
accordance with the requirements concerning completeness as laid ol2006HECC
Guidelines However, some exceptions do exist. These are primarily isesctors with a
large number of smaller facilities with minor emission$or sourcesvhereno IPCC
default methodology exis{see Annex 5, Table A5.1)

The estimated emissions from solvent and product use are considered to be camplete,
national data from #hProducts Bgisterand the SPIR databasés used in the inventory.

1.84 Agriculture

All relevant agricultural emissions and sources are reported in the inventory. Reindeer,
which sometimes araot considered as a part of the agricultural sector, are included in
the inventory. All sales of fertilizers are included in the inventory, also quantities used in
other sectors. Nixing crops used in temporary grass fields, and sludge used as fertilizer
is also included. This means that all anthropogenic inputs to agricultural soils are
covered.

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 landlheir relative importance for tHewedish GHG inventory iassessed to

be verysmall.

The inventory of the LULUC#sector is complete in the sense that all carbon pools and
other sources, where methods are provided in the 2006 GL, are reported for land use
categories that are considered managed.

The reporting of woody biomass stocks refers to above and below ground parts of trees
taller than 1.3 m. Other vegetation such as shrubs and herbs are not reported.

1.8.6 Waste

Accidental landfill fires occur in Sweden; however emissionS®@{, CHs andN-O are
reportedasNE since there is no default method provided by the 2006 IPCC Guidelines
that can be applied in this cased is below the threshold of08% of national total
emissionswhich isabout30 kt CO; eq.). Emissions are estimated to be insignificant in

20 substances in Preparations in Nordic Countries
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relation to the amount of effort it would require to obtain activity and emissionAdhta.

other data are complete.

Emissions from home composting of food waste and garden waste are not estimated due

to the lack of data on composted garden waste. However, by using the data on home

composted food waste year 2021 (31 120 tonnes wet weight), the total emissiens (CH

and NO) equals to 5.46 kilotonnesG®@ qg. Swedenb6és greenhouse gas
2021 (Total (without LULUCF)) in submission 2023 was84b.70 kt CG-equivalents.

5.46 kilotonnes C@eq. equals to 0.0114% of the national total GHG emissions, which is

below thethreshold of significance (0.05%).
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2 Trends 1 n greenhous

eml SSI ons

2.1 Total greenhouse gas emissions and
removals

In 2022, total greenhouse gas emissions (excludifigJCF) in Sweden amounted to
45.2 MtCO»-eq. (Figure 2.1). The emissions show a decreasing trend although there are
some annual fluctuations in a few sectors that affect the total emissions.
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Figure 2.1. Total emissions and removals of greenhouse gases calculated as COz-eq. from
Land use, land use change and forestry (LULUCF, CRT 4) and the other sectors (CRT 1, 2, 3
and 5), 1990-2022.

Total emissions haveecreased by635% between 1990 and 202Bhe main reason is

due to decreased emissions from the residential and commercial/institutional sectors due
to the replacement of combustion of fossil fuels for heating with district heating and
electricity, including heat pumps. Emissions in the manufaxgundustries and

construction have decreased with more than 40% compared to 1990 due to a reduction in
the use of fossil fuels, mainly as a result of a shift to biofuels and electricity. Moreover,
electricity and heat production are increasingly basenewable energy so although

the use of district heating has increased, emissions have decreased. In recent years, the
emissions in the transport sector have decreased, mainly due to the use of more energy
efficient cars and increased use of biofuel.

The energy sectaontributed the most to the overall decrease in emissions, with a
reduction of 21.4 MCO,-eq. between 1990 and 2022, primarily through reductions of
about 9 Mt in the residential, commercial/institutional and agriculture, forestry and
fisheries subsector€RT 1.A.4), about 6 Mt in the transport sectGRT 1.A.3), 4.8 Mt
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in manufacturing industries and constructi@R{T 1.A.2) and 1.2 Mton in energy

industries CRT 1.A.1). Other sectors also contributed to the overall decreased emissions
during the period; wast€RT 5) by 3.2 Mt, agricultureGRT 3) by 0.9 Mt and industrial
processes and product u&R( 2) by 0.5 Mt.

Between 2021 and 2022 the total greenhouse gas emissions decreased by 5% (about 2.5
Mton CO-eq.) Most of theeduction occurred in the energy seckEmissions were

reduced with aboutl.5 Mton £10%) from theransport sectoApproximatelyhalf of the
decrease in emissions is due to an increase of biofuels accordlirmgaimission

reduction obligationOther factors armore energy efficient vehicles and increased
electrification, especially of passenger caisere was alsareduction of about 0.4 Mton

from energy industrieslue to decreased usage of fossil fuels mainly as a result of

warmer weathergndareduction of0.3 Mton from manufacturing industries and
constructiormainly due to maintenance production glages

The land use, landse change and forestry sector (LULUCIRT 4) has generated
annual net removals during the whole inventory period (Z832). The removals show
substantial annual fluctuations. The net removal level has fluctuated under the period
1990 until 2022. During the last decatierehas been a decreasing trend.

211 Overview of emissions by sector

Figure 2.2 showthe greenhousegas emissions from different sectors in 2022. The
energy sectorGRT 1) is comprised by emissions from transp@®R{T 1.A.3), which
accounted for 31% of the total emissions, energy industieg (.A.1), 19% of total
emissions, and combustion in manufacturing industries and constru€RInl(A.2),
13% of total emissions. Emissions from fugitive emissi@RT 1.B) accounted for
0.1% of total emissions, and other sect@RT 1.A.4) for 4.7% of total emissions.
Industrial processes and product USRT 2) accounted for 15%, agricultur€RT 3) for
14% and wastedRT 5) for 2.1% of total emissions.

Transport (CRF 1A3) 31%

Energy industries (CRF 1A1) 19%
Industrial processes and product use (CRF 2)
Agriculture (CRF 3)

Manufacturing Industries and Construction (CRF 1A2)

Other Sectors (CRF 1A4)

Waste (CRF 5)

Fugitive emissions (CRF 1B)

0 5 10 15
GHG million tonnes CO2-eq (2022)

63



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2024

Figure 2.2. Greenhouse gas emissions by sector, 2022.

The historical trends (1992022) of the largest emission categories are shown in Figure
2.3.

Emissions from transport are dominated by road transport. The emissions were lower in
2022 than in 1990. The decrease over the years is due to more energy efficient cars and
an increased use of biofuels, but the impact of these measuwpsssioNs reductions

have been suppressed by an increased trend in the amount ofBetifieen 2021 and

2022 there was a slight increaseraiffic activity. However, there was a large decrease in
emissions from transpodue to an increased use of biofuels accordirtbe emission
reduction obligationOther factors reducing the emissions in 2022 wewee energy

efficient vehicles and increased electrification, especially of passenger cars.

Emissions from energy industries primarily come from the production of electricity and
heat. e fluctuations in emissions between different years are large, due to the weather

conditions®d i nfl ue nEmissionsrdront niapufactugireg dhdubties h e a't
and construction have decreased since the

development but there is also a letegm decrease as a result of a switch from oil to
biomass, especially in the pulp and paper stigu

Emissions from IPPU (Industrial Processes and Product Use) consist of emissions from
industrial processes as well as emissions from product use, mainly fluorinated greenhouse
gases in, for example, cooling systems. Emissions from IPPU emanate from ahdustri
processes which fluctuate with the level of production. The chemical industry has
decreased its emissions due to enhanced production technologies.

Emissions from agriculture have decreased slightly since 1990 mainly due to increased
efficiency anda decrease ilivestocknumbersand to a lower extent also due to reduced
amounts of fertilizers used. The last decade, however, emissions from agricaitere
remained rather constant
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Transport (CRF 1A3)
Energy industries (CRF 1A1)
=== |ndustrial processes and product use (CRF 2)
== Agriculture (CRF 3)
== Manufacturing Industries and Construction (CRF 1A2)

Figure 2.3. Total emissions of all greenhouse gases calculated as CO2-eq. for transport
(1A3), energy industries (CRT 1A1), Industrial processes and product use (CRT 2),
agriculture (CRT 3) and manufacturing industries and construction (CRT 1A2), 1990-2022.
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2.2 Description and interpretation of emission
trends by gas

In 2022, emissions of carbon dioxide (§@mounted to 36.2 Mt in total, which is

equivalent to about 80% of total greenhouse gas emissions (excl. LULUCF), see Figure
2.4. Methane (CkJ accounted for 4.5 Mt of Ceq. (about 10%), nitrous oxide {§)
accounted for 3.7 Mt (about 8%), fluorinated greenhouse gases 0.9 Mt (about 2% of total
emissions). The shares of the different greenhouse gases have remained stable over the
period 1990 to 2022.

co2 80,04%

CH4 9,93%
N20 8,08%
HFCs 1,79%

SF6

PFCs

0 5 10 15 20 25 30 35 40
GHG million tonnes CO2-eq (2022)

Figure 2.4. Share of greenhouse gases of total emissions in CO2-eq, in 2022.

221 Carbon dioxide (CO,)

In 2022, the carbon dioxide (Gemissions in Sweden amounted to 36.2 Mt in total,
excluding LULUCF (Figure 2.5). The main source for emissions of cattmxide is the
combustion of fossil fuels, which mainly takes place in the energy s&RirY).

Another important source is the raw material used in the industry processes. Emissions of
carbon dioxide were 37% lower in 2022 than in 1990.
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COz2 million tonnes CO2-eq

w1 Energy (CRF 1)

wen Industrial processes and product use (CRF 2)
mmm Agriculture (CRF 3)

mmm Waste (CRF 5)

Figure 2.5. Total emissions of carbon dioxide 1990-2022 (excluding LULUCF).

222 Methane (CHa)

Thetotal emissions of methane (@QHexcluding emissions from LULUCF, were 4.5 Mt
calculated as C£eq. in 2022, see Figure 2.6. The main sources of methane are
agriculture CRT 3) (81%), the waste secta@@ZRT 5) (14%) and the combustion of fossil
fuels in the energy secta€RT 1) (5%). Emissions of methane have decreased by 46%
since 1990. The main reason for the decrease is mitigation measures undertaken in the
waste sector, for example reduced deposition of organic waste in landfills and collection
of landfill gas for combugin. The waste secttrasdecreased its emissions of methane

by 84% between 1990 and 2022, while emissions in the agricultural sectpedtmop

8% during the same period.

CHa4 million tonnes CO2-eq

memm Agriculture (CRF 3)

e Waste (CRF 5)

mmm Energy (CRF 1)

mmm Industrial processes and product use (CRF 2)

Figure 2.6. Total emissions of methane (CHa) by sectors 1990-2022 (excluding LULUCF).
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223 Nitrous oxide (N20O)

In 2022, emissions of nitrous oxideAD) amounted to 3.7 MEO»-eq. (excl. LULUCF),

see Figure 2. ompared to 1990, the overall emissions gDMave decreased by 24%.
The main source of nitrous oxide emissions is the agriaisector CRT 3), which
accounted for 76% of the emissions in 2022. Other emissions ariséhiemergy sector
(CRT1, 14%), industrial processes and product @$€T(2) and the waste sect@@RT

5). The industrial processes and product use sector accounts for the largest part of the
decrease in emissions of nitrous oxide hasdropped by approximately 82% during the
period. Enissions in the agricultural sector dropped by 15% during the same period.
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Figure 2.7. Total emissions of nitrous oxide (N20) by sectors 1990-2022 (excluding LULUCF).

224 Fluorinated greenhouse gases

Theemissions of fluorinated greenhouse gases come mainly from their use in various
applications, but also from emissions of perfluorocarbons (PFC) from primary aluminium
production processes. Emissions of fluorinated greenhouse gases are only reported in the
industrial processes and product use se@&T(2).

Total emissions of fluorinated greenhouse gases in 202finted to @ Mt CO,-eq, see
Figure 2.8, and accounted for about 2% of total greenhouse gas emifb&nashas

been a mj@r increag in emissionsince 1990from around M06 Mt of CO-eq. in 1990

to almost 1.6 Mt in 2007, but since thixe emissions have decreaséde overall

increase is mainly due to increased emissions of HFCs, which accounted for 92% of the
total fluorinated greenhouse gases in 2022.

The emissions of HFCs increased by 0.8 Mt ob-€Q. between 1990 and 2022 (an
increase of 135%), mostly as a result of the use of HFCs as refrigerants in refrigerators,
freezers and aiconditioning equipment in later years. Since 2009, the trend is showing a
stabilisation andh recent years a decrease in emissions. Emissions dropped by about
4.5% between 2021 and 2022.
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PFCs emissions, on the other hand, have decreased by 93% during the period 1990 to
2022. Emissions of Slecreased by 63% between 1990 and 2022. However, there are
inter-annual fluctuations throughout the period.
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Figure 2.8. Total emissions of HFC, PFCs and SFs, 1990-2022 (excluding LULUCF).

69



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2024

2.3 Emissions by CRT sector

231 Energy (CRT sector 1)

The majority of the emissions in the Energy sector arise from transports, electricity and
heat production and combustion in manufacturing industries and construction. Since 1990
there has been a decrease in total emis&ipB3% The main reason thue todecreased
emissions from the residential and commercial/institutional sectors due to the
replacement of combustion of fossil fuels for heating with district heating and electricity,
including heat pumps. Emissions in the manufacturing industries andumtiost have
decrease@vith more tharone third compared to 1990 due to a reduction in the use of

fossil fuels, mainly as a result of a shift to biofuels and electricity. Moreover, electricity
and heat production are increasingly based on renewable energy so although the use of
district heatng has increased, emissions have decreased. In recent years, the emissions in
the transport sector have decreased, mainly due to the use of more energy efficient cars
and increased use of biofuel.

Emissions from the energy sector include emissions from the production of electricity and
district heating, refineries, manufacture of solid fuels, manufacturing industries,
transports, other sectors (including commercial/institutional, residential, grégu

forestry and fisheries) and fugitive emissions.

The |lionds share of e @ARTLASI), wilowed byemmy f r om trans
industries CRT 1A1) and combustion in manufacturing industries and construc@iBi (

1A2), see Figure 2.9. The production of electricity and heat are important subsectors

within the energy industries sect@RT 1A1), as are heating in the residential and

commercial/instituti o@RALAAsectors in AOther se
Transport (CRF 1A3) 45%
Energy industries (CRF 1A1) 28%
Manufacturing Industries and Construction (CRF 1A2) 19%
Other Sectors (CRF 1A4) 6.9%

Fugitive emissions (CRF 1B) [0.16%

0 5 10 15
GHG million tonnes CO2-eq (2022)

Figure 2.9. Share of emissions within the Energy sector, by subsector in 2022.

Total emissions in the energy sector have decreased over the perie2QZ29%om 52.3
to 30.9 Mt CO.-eq (Figure 2.10). This is a decreasd o whichmainly depends on a
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decreased use of fossil fuels in residential and commercial/institutional, included in
iOt her GRI4AA4) masmbact(ring industries and constructiGRT 1A2) and
in recent years, Transports (LABetween 202 and 202 there was% decrease in
emissions within the energy sector, mostly becausalefr@ase of emissions frothe
transport sector.
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Transport (CRF 1A3)
== Energy industries (CRF 1A1)
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= Fugitive emissions (CRF 1B)

Figure 2.10. Emissions from the Energy sector, total and by subsector, in 2022.

2311 ENERGY INDUSTRIES CRT 1A1)

Energyindustries are dominated by the electricity and heat production with by far the
largest part othe emissions and also the only subsector where emissions fluctuate over
the years. The fluctuations between different years are large, due to the weather
conditionsd influence on CRTNAlaelh2822 there ci ty and
was adecreasen emissions from the energy industries4% compared to 221.

Sweden’s electricity and heat production is to a large extent composed by renewable
energy and district heating is mainly based on biofuels and waste. Therefsee, the
emissions ar@8% lowerthan in 1990, even though the supply of district heating has
increased witlalmost50% in the same periodEmissiongrom production of electricity

and heat production totaled 5,6 Mt of £€3). in 2022.

Total emissions from energy industri€RT 1A1) were8.7 Mt CO.-eq. in 2@2 (Figure
2.11), which is12% lower than in 1990. Electricity and heat productiGiR{ 1Ala)
account for the larger part of the emissions 86 (5.6 Mt) in 2022. Emissions from
Refineries (1Albamounted to Z.Mt in 2022 and Manufacture of solid fuel€RT
1A1c) amounted t0.4 Mt.
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Electricity and heat production (CRF 1A1a)
=== Petroleum refining (CRF 1A1b)
== Manufacture of solid fuels (CRF 1A1c)

Figure 2.11. Emissions from Energy industries by subsector and total, 2022.

2.3.1.1.1 Electricity and heat productiorORTLALa)

Emissiondrom production of electricity and heat production totaBegiMt of CO»-eq.

in 2022. The emissions from electricity and heat production vary over time but have been

reduced by28% between 1990 and 2. There isa derease in emissions in 20of 6%
comparedo 2021 due todecreaseisage of fossil fuelsnainly because afvarmweather

The main reason behind the variations between years is the weather conditions' impact on

the demand for electricity

and

heat .
largely on hydropower, nuclear power and biofuels. Fossil fuels serve as icEnp
especially by cold weather. Temperature and precipitation conditions, which vary

Swedenos

between years, have an impact on hydropower production and heating needs, which leads

to a variation in emissions between years. This is illustrated by the high®@missi

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. Also 2010

was a very cold year, with increased emissions as a result.

In years with low hydropower production, the emissions depend on the kind of electricity
production that offsets the hydropower shortage. As an example, the emissions were
much lower in 2003 when the deficient production of hydropower primarily was bifset
imports of electricity, compared to 1996 when the shortage of hydropower to a larger

extent was offset by increased-hiklled condensing power production.

Emissions in this sector are also affected by the iron and steel production as residual
gases from the iron and steel industry are used to produce electricity and district heating,

and these emissiohgve increasedompared td 990.

The production of district heating generates the largest greenhouse gas emissions in this

sector. Since 1990 the supply of district heating has increasathbgt50%. Even so
theemissions have decreased as the expansion has principally taken place through

increased use of biomass fuels at the same time as the use of coal and oil has decreased.
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The influence on fossil carbon dioxide emissions from weather and climatic conditions

has been analysed with a norrgebrcorrection calculation method for the years 1990

2021, which includes emissions from electricity and heat production (1Ala). Temperature

and activity data during a normal year are influencing parameters and for more

information about the method usege Annex 8:2. Generally, for all years sic®80,

exceptfive (1996 201Q 2012, 2013 and 202lhe actual emissions were lower thaeyth

would have been during a Anormal vyear o, see F
with warm winters have dominated the period.
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Figure 2.12. Actual and normal-year corrected fossil COz-emissions for heating of buildings
and electricity generation in Sweden for the years 1990-2021 for sector production of
electricity and heat (1A1a).

2.3.1.1.2 Refineries CRT1Alb)

Emissions from refineries amounted t@ It CO,-eq. in 202.

The emissions mainly originate from refinery gas, which is-progluct in the refining
process. The wuse has increased since the 1990
but emissions have in recent years been quite stable. Thénargase in emissions seen

in 2021 and2022 compared to 202from petroleum refiningGRT 1Alb) can be

explained by the fact that emissions from fugitive emissions from @rT (B) have

been allocated to petroleum refining due to prevailing confidentiality rules (see section
2.3.15). Emissions in 2020 were unusually low, mainly due to low demand and reduced
production due the restrictions from covié-pandemicln 2014 the emissions for

gaseous fuels increased. This was due to that the combustion of liquified natural gas had
been implemented in one of the refineries.

2.3.1.1.3 Manufacturing of solid fuelSsQRT1Alc)

Emissions from manufacture of solid fue®RT 1Alc) amounted to 0.4 Mt G&&q. in

2022. Emissions from manufacturing of solids (1A1c) have increased since 1990, by

24%. Compared to 2021 emissions decreased by 14% in 2022. Emissions in this category
emerge from the production of coke to be used in blast furnaces for produdtiom of

The trend for emissions therefore follows a similar pattern as emissions from iron and
steel production industry.
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2312 MANUFACTURING INDUSTRIES AND CONSTRUCTIONGRT 1A2)

The mining, iron and steel as well as pulp and paper industries are examples of
historically important industries for Sweden. Emissions from combustion in
manufacturing industries and construction were 6.0 M-& in 2022 (Figure 2.13).
Emissions in 2022 were 45% lower than in 1990. Emissions in 2022 decreased by 4%
compared to 2021. Although increasing slightly up until 1997, the emissions have a
steady decreasing trend until 2014. The lower emissions in&@DAigher emissions in
2010 were due to tHancial crisis impact on production levels and their subsequent
recovery. The decreasing trend is primarily related to a lower use of oil. Oil has been
replaced by electricity or biofuels, partly depending on the difference in relative prices
between adctricity and oil.
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Manufacturing Industries and Construction (CRF 1A2)

Figure 2.13. Total emissions from manufacturing industries and construction (CRT 1.A.2),
1990-2022.

A small numberofenergy nt ensi ve industries account
greenhouse gamissions. The iron and steel indust®R( 1A2a), the normetallic

minerals industryQRT 1A2f) and the pulp, paper and print indust@RT 1A2d)

account for 22%, 17% and 12% respectively of the emissions in 2022 (Figure 2.14).
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Other (CRF 1A2b, 1A2d, 1A2e and 1A2g(viii)) 35%
Iron and steel (CRF 1A2a)

Off-road vehicles and other machinery (CRF 1A2g(vii))
Non-metallic minerals (CRF 1A2f)

Chemicals (CRF 1A2c)

0 1 2 3

GHG million tonnes CO2-eq (2022)

Figure 2.14. Emissions from the Energy sector; Manufacturing industries and construction
in year 2022.

Other manufacturing industries, including Ametallic metals CRT 1A2f), paper, pulp
and print CRT 1A2d), food processing, beverages and tobaC&T(1A2e), and
stationary combustion in other industri€RT 1A2g(viii)), show overall decreasing
emissions between 1997 and 2015 (Figure 2.15).
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Figure 2.15. Emissions from combustion in manufacturing industries by subsectors, 1990-
2022.

The emission level afon-metallic mineralsCRT 1A2f) is significantly lower ir2022
than in 1990 due to high emissions from use of coal in-199Q.
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The decreasing emissions shown for the iron and steel indG$tiy{A2a) are strongly

linked to production levels in response to market fluctuatibhs.financial crisis of 2009

had a severe i mpact o n?asWedasithe chuddpandedic pr oduct
during 2020. Ishould also be noted that the significant amount of emissions from the

combustion of energy gases, produced apriogucts in iron and steel production

processes, that are sold to electricity and heat producers are reported in 1Ala, see further
discussiorin section3.2.9.

Emissions from chemical€RT 1A2c) and nofferrousminerals CRT 1A2b) have
yearly variations in response to market fluctuations but thetiemg trend have
remained relatively stable since 1990.

2313 TRANSPORT CRT1.A.3)

Most ofthe emissions in this subsector come from road traffic, mainly from cars and
heavyduty vehicles. The total emissions from transport have decreased since 2010, apart
from a slight increase between 2014 and 2015. The emissions from cars have decreased
between 2009 and 2R2with the exception of a slight increase between 2014 and 2015.

The decrease in emissions is largely due to increased use of biofuels and increased energy
efficiency.In 202 emissions decreased despite an increase in traffic.

Emissions from heavy duty vehicles follow the fluctuations of economic activity. They
increased, in general, frothe mid-1990s to 2008 and subsequently started to decrease

Emissions from transport include emissions from domestic avia@iBi (A3a), road

transport CRT 1A3b), railways CRT 1A3c), national navigatiorQRT 1A3d) and other

working machinery and offoad equipmentGRT 1A3e). Thesuls e ct or s 6 shares of
total emissions of the sector are shown in Figur6.2r1202, the greenhouse gas

emissions from road transport weiz@Mt, 0.3 Mt from domestic aviation, 0.7 Mt from

domestic navigation and 0.4 Mt from working machinery. Emissions from railways were

less than one tenth Mt in 222

Road Transport (CRF 1A3b) I 90%
National Navigation (1A3d) | | 4.9%
Other working machinery... (CRF 1A3e) W 2.6%
Domestic Aviation (CRF 1A3a) §2.2%

Railways (CRF 1A3c) |0.3%

é 10 1‘5
GHG million tonnes CO32-eq (2022)

o

Figure 2.16. Share of emissions from sub sectors in the transport sector 2022.

2t Jernkontoret, 2015
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Carbon dioxide accounts for the largest share of greenhouse gas emissions from the
transport sector. Methane emissions wer& MOCO2- eq in 202 and have falle75%

since 1990 as a result of better exhausissions control. Nitrous oxide emissions

totalled 0.2 Mt of COzq. in 202. From 1990 to 1995 there was a general increase in
emissions of nitrous oxide due to the increased use of cars fitted with catalytic converters.
Emissions decreased during the early 2000s following the introduction of enhanced
exhaust treatmemé¢chnology bustarted to increase again from 2007 and onwdwésto
anincreased number of diesel car$ie increasing trend since 2007 leveled off in 2019.

2.3.1.3.1 Road transport

Emissions from road transport includes emissions from passengeCBard A3bi),

light duty vehiclesCRT 1A3b ii), heavy goods vehicles (1A3b iii), bus€R(T 1A3D iii)
and mopeds and motorcycl€3RT 1A3b iv). The emissions in 2@2nd the share of the
emissions from road traffic are shown in Figure72Bmissions from road transport by
subsector are shown in Figure 8.1

Passenger cars (CRF 1A3bi) 66%

Heavy goods vehicles (CRF 1A3biii) 22%

Light duty vehicles (CRF 1A3bii) 10%
Buses (CRF 1A3biii) {§ 1.3%

Mopeds and motorcycles (CRF 1A3biv) § 0.67%

0 1 2 3 4 5 6 7 8 9
GHG million tonnes CO2-eq (2022)

Figure 2.17. Share of emissions from subsectors of road transport in 2022.
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Passenger cars (CRF 1A3bi)
Heavy goods vehicles (CRF 1A3biii)
=== Light duty vehicles (CRF 1A3bii)

Figure 2.18. Emissions from road traffic by sub-sector, 1990-2022.

Emissions from passenger cars we/@Mt CO,-eq. in 202, which is35% lower than in

1990. Emissions from passenger cars were on a relatively constant level until 2007 when
they started to decrease. Besides a slight increase between 2014 and 2015 the emissions
have decreased since 2009. Before 2008 the growth in transipaty acas offset by a

greater use of renewable fuels, more energy efficient vehicles and reduced fuel
consumption which kept the level of emissions constant. The decrease in enaifteions

2009 is much due to increased use of renewable fuels and more energy efficient vehicles.
In 2022 emissions decreased despite a shigineasen traffic.

Emissions from heavy duty vehicles wer& Mt CO»-eqg. in 202. Emissions from
heavyduty vehicles were overall increasing from the early 1990s up until 2008.

The switch from petrepowered to diesgbowered cars is leading to a more energy

efficient car fleet, which since the mRD00s has been reinforced by a general

improvement in energy efficiency for new cars. The average carbon dioxide emissions

per km fornew cars decreased since early 2000, with the largest reduction between 2005
and 2012. From 2012 and onwards the energy efficiency rate has leveled off due to the
increased share édur-wheeldrive vehicles among new cafs-However, in 2020 there

was once again a large decrease in average carbon dioxide emissions per km for new cars
compared to 2019.

There are several policy measures contributing to the trend for emissions from passenger
cars: the Ekfequirements limiting the carbon dioxide emissions from new cars, increased
fuel taxes, tax exemption for transport biofuels, carbon dielateed vehicléax, tax

relief for green cars and green car rebates, together with rising market price for petrol and
diesel. They have contributed to more faéicient cars and an increased number of-fuel
flexible cars. The use of renewable fuels was principally teddsy the fact that from

22 Swedish Transport Administration, 2015

18 Trafikverket, 2018
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2004 until July ¥ of 2018 they were exempted from carbon dioxide tax and energy tax,
along with a law from 2006 requiring every major petrol station to provide a renewable
fuel. From the second half of 2018 and onwards biofuels which arbleawded in fossil

fuel are nodnger exempted from caron dioxide tax. Lasgale blending of ethanol into
petrol began in 2003, with the result that almost all petrol sold in Sweden now contains
5% ethanol Blending of biodiesel, such as FAME and HVO, into dieseldiss

increased considerably during recent years. Hiighded biofuels with lower levels of
fossil fuels are still exempted from energy tax and carbon dioxide tax.

2.3.1.3.2 Domestic aviation, national navigation and railways

In 2022, emissions from domestic aviation totalle8 Blt of CO2-eq, see Figure 202

which is55% lower than the level in 1998missions have varied during the period since
1990.The largeincrease in emissions from domestic aviabetween 2021 and 2022 is a
rebound effect after thefterthe largedecrease durinthe covid19-pandemicEmissions
are stilllower thanpre-pandemic levels.

Emissions from national navigation were 0.7 Mt of G&R in 202, see Figure 22
This is49% higher than in 1990 argd6 higherthan in 202, emissions have varied since
1990but with an increasing trend

Swedends railways are | argely electrified,
hauled trains. Emissions from rail transport have been more than halved since 1990 and
were D kt of CO,-eq. (Figure 2.Q) in 2022
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Figure 2.20. Emissions of greenhouse gas in CO2 eq. from aviation, navigation and railways,
1990-2022.

23.14 OTHER SECTORSGRT1A4)

In other sectors, emissions have decreas&i¥yduring 1996202 mainly due to a
strong decrease in combustion of fossil fuels for heating in the residential and
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commercial/institutional sectors. Fossil fuels have been replaced by district heating, some
biomass, and electricity, including increased usage of heat pumps in recent years. Since
emissions from stationary combustion for heating purposes has decreasfazhnsity,

the main emissions within the sector now come from working machinergfanohd

vehicles. Emissiondecreased bg% between 201 and 202.

Combustion for hedatg purposes witin the residential (RT 1A4b),
commercial/institutionalQRT 1A4a) and agriculture, forestry and fisheries sectORT{
1A4c) are included. Emissions from stationary combustion and working machinery and
off-roadvehicles (mobile combustion) are also included for all subsectors. The highest
emissions come from ofbad vehiclesind other machinery used in agriculture, forestry
and fisheries, see Figure 2.2

Agriculture/fforestry/fishing - mobile (CRF 1A4cii,iii) 37%

Commercial/Institutional - stationary (CRF 1A4ai) 16%

Residential - stationary (CRF 1A4bi)

16%
Commercial/Institutional - mobile (CRF 1A4aii) 12%
Residential - mobile (CRF 1A4bii)

Agriculture/forestryffishing - stationary (CRF 1A4ci)

Agriculturefforestry/fishing - mobile (CRF 1A4ciii) 3.9%

00 01 02 03 04 05 06 07 08 09
GHG million tonnes CO2-eq (2022)

Figure 2.21. Share of emissions within Other sectors by subsector in 2022, with mobile and
stationary combustion shown separately for each subsector.

Emissions in Other sectors were approximatelyM of CO,-eq. in 202. The reduction

is due to a strong decrease in emissions in the commercial/institutional and residential
(CRT 1A4a and 1A4b) sectors between 1990 and2ZBRyure 2.2) of 87 and95%,
respectively. In comparison with 2Dthe total emissions from the residential sector
decreased by%. Emissions from the commercial/institutional sectezreased wit1%
between 221 and 2@2. The emissions from agriculture, forestry and fishei@RT

1A4c) were 10 Mt CO.-eq. in 2@2, which is46% less than in 1990.
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Figure 2.22. Emissions from Other sectors, total and by subsector, 1990-2022.

Total emissions fromoff-road vehicles and other machinery within the sector wéardit.

of COx-eq, which represents two thirds of the emissions from Other sebtstisbution
between stationary and mobile combustion sources, as well as total emissions, is shown
in Figure 2.3 below. Emissions from stationary combustion have decreaset?hin9

total from 1990 to 222 (Figure 2.3).
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Figure 2.23. Emissions from mobile combustion, stationary combustion and emissions in
total, 1990-2022.
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Emissions from working machinery ané-roadvehicles (mobile combustion) have
decreased b28% in total since 199CEmissions from theesidential sectoiGRT 1A4b)
were23% lowerin 202 compared td990and wered.2 Mt of CO,-eq. in 2@2, see
Figure 2.2. Emissions from mobile combustion in agriculturera29% lower in 2®2
compared to emission levels in 1990. Emissions from mobile combustion in forestry
(1A4c) have varied over the years angrgaround33% lower in 2@2 compared to
1990, see Figure 242In the commercial/institutional sect@RT 1A4a) emissions from
mobile combustion have varied during the peaodwere5% higher in 2@2 compared
to 1990. In fisheriesGRT 1A4c) the emissions have been declining during the past
decades, following the trend with a shrinking fleet of fishing vessels in Sweden.
Emissions from mobile combustion from fishing w886 lower in 22 compared to
1990.1t should be noted that the emissions from working machinerptmdad

vehicles are modddased and there is a high uncertainty connected to these emissions
Themodelis describedn Annex 2
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Figure 2.24. Emissions from off-road vehicles and other machinery in each subsector, 1990-
2022.

In the residential sectoCRT 1A4b), the emissions from stationary combustion have
decreased by since 1990, and in the commercial/institutional sec@® T 1A4a)
emissions from stationary combustion have decrease@%yBmissions from stationary
combustion in agriculture, forestry and fisheri€R{ 1A4c) are small and have
decreasetly 77% compared to 199@ue to problems witlhipdatedactivity data for

2022 the activity datafor 2021 is used also for 2@for stationary combustion in all
subsectorsEEmissions from stationary combustion within each subsector are shown in
Figure 2.5.
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Figure 2.25. Emissions from stationary combustion in each subsector, 1990-2022.

The large reduction in emissions from stationary combustion in the residential and
commercial/institutional sector depends on a large decrease in total use of fossil fuels
since 1990, see Figure B.Zrhere are several reasons for this development: the shift from

oil to district heating and electric heating as well as increased usage of heat pumps. The
most common source of heating in the residential sector is district heating followed by
electric heting and these emissions are included in the electacitiheat production

sector (section 2.3.1.1.1). Increased energy efficiency has also contributed to the decrease
in emissions.
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Figure 2.26. Emissions from Residential sector (1A4b) fossil and biogenic, stationary
combustion, 1990-2022.
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Another contributing factor to the favouraldlevelopment has been the generally warm
weather since 1990. The outdoor temperature affects the need for heating, which leads to
variations in energy usage between years. However, it is mainly usage of district heating
and electric heating that increaseidg cold years in this sector. More information about

the weather and norniglearcorrected emissions can be found in section 2.3.1.1.1. and

in Annex 8:2.

Increased energy efficiency has also contributed to the decrease in emissions. One
example of increased energy efficiency is a continued decrease in energy use for heating
per unit of floor space area in one and-aiveelling buildings.

2.3.15 FUGITIVE EMISSIONS FROM FUELSCRTLB)
Fugitive emissions occur for example in processing, storage and use of fuels, flaring of
gas, transmission and distribution of gas.

Emissions were around 0.05 Mt@0,-eq. in 2022The extensive decrease in emissions
seen in 2021 and 2022 compared to 2020 from fugitive emissiitiBIB) is due the

fact that a mpor part of the emissions Yabeen allocated to petroleum refinilgRT
1A1b) due to prevailing confidentiality rules (see section 2.3.1.1.2)

The decrese in emissieduring 2019 (Figure 27) is mainly an effect ofeduced
production due to maintenance at two facilitiaring 2020 demand from the sector has
been low due to the covith-pandemic, and theref®production has also been low. The
increase of fugitive emissions from o@RRT 1B2a), observed in the time series from
2006, is related to the establishment of hydrogen production facilities at two oil
refineries.
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Figure 2.27. Emissions of greenhouse gases from fugitive emissions, total and by major
subsectors, 1990-2022.
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232 Industrial processes and product use (CRT sector 2)

Greenhouse gas emissions within the sector industrial processes and prodDBITL&e (
stem from the materials used in industrial processes as well as the use of various products
such as fluorinated gases, solvents, lubricants and paraffin waxes. Production levels in
response to market fluctuations is the main reason for fluctuationis) wie sectar
Emissions from the industrial processes and products use sector repre3¢ntédiie

total national emissions in 2B2The main sources of emissions in the industrial
processes and product use seatethe production of iron and steel (included in metal
industry; 2C) and the cement and lime industries (included in mineral industry; 2A), see
Figure 2.28. Note that emissions from combustion in manufacturing industries and
construction are allocated @RT 1A2. Also, note that combustion of energy gases
produced as byroducts in iron and steel production processes that are sold to electricity
and heat producers are allocate€®T 1Ala, see further discussion in section 3.2.9.

Metal industry (CRF 2C) 46%
Mineral industry (CRF 2A) 23%
Chemical Industry and other (CRF 2B, 2H) 12%
Product uses as substitutes for ODS (CRF 2F) 12%
Non-energy products from fuels and solvent use (CRF 2D) 5.4%

Other product manufacture and use (CRF 2G) §§ 1.5%

EI) 1 2 3 4
GHG million tonnes COz-eq (2022)

Figure 2.28. Emissions from the industrial processes and product use, 2022.

Greenhouse gas emissions from the industrial processes and product use sector have
decreased by 7% 2022 compared to 1990. Emissions from the sector did however
increase during the 906s and early 0006s but
decreasing trend with some interannual variations, see Figure 2.29

Greenhouse gas emissions from industrial proce€¥®E ZA, 2B, 2C, 2E, 2H) have

many interannual variations, but show an overall decreasing trend since 1995. Between
2021 and 2022missions increased with 1% (see Figure 2.29). A large increase in
emissions within the metal industry is compensated by an emission reduction within the
chemical industry. Greenhouse gas emissions from producC&Se2D, 2F, 2G)

showed an increasing trend that has stabilised since 2004, with a small decrease.
Nevertheless, genhouse gas emissions from product use were about twice as high in
2022 compared to 1990.
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1 Product use (CRF 2D, 2F, 2G)

Figure 2.29. Emissions from the industrial processes (CRT 2A, 2B, 2C, 2E, 2H) and product

use (CRT 2D,2F,2G), 1990-2022.

23.21

EMISSIONS PER GAS

Carbon dioxide (Ce) dominates the emissions of this sector with 5.9 Mt of-€® in

2022,

representing
from the use of various materials in industrial processes, the use of solvents, lubricants,

paraffin waxes and other types of products.

85% of

t h eemssonststern 6 s

The sector also emits significant amounts of nitrous oxid®)ldnd fluorinated gases
(HFCs, PFCs and 3 N:O emissions were 0.15 Mt of G@q. in 2022 and mainly
originate from the production of nitric acid. In 2022, th®Nemissions have decreased
by 82% since 1990. Emissions of fluorinated gases wérbl0of CO-eq. in 2022 and
have increased by 42% since 1990 (Figure 2.30).

All emissions of fluorinated gases in Sweden are found in the industrial processes and
product use sectoAlthough the fluorinated gases are emitted in relatively small amounts
compared to Cg)they have a much higher GWP (global warming potential) due to their
chemical structure and therefore contribute significantly to global warming. The new EU

regulation from 2015 on fluorinated greenhouse gases aims to cut the emissions of
fluorinated gasein the EU by two thirds by 2030, by ensuring that fluoringtesks are
replaced by safer alternati¥&&'. More information on fluorinated gases is provided in

section 2.2.4.

2 gy, 2014
24 £y, 2012
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Figure 2.30. Emissions from the industrial processes and product use sector per gas, 1990-
2022.

23.2.2 INDUSTRIAL PROCESSESCRT 2A, 2B, 2C, 2E, 2H)

Greenhouse gas emissions from industrial processes have varied since 1990, mainly due
to variation in production volumes in response to market fluctuations, see Figure 2.31.
The exception is the chemical industries (2B) that reduced their emissionaighjfi

over the period through enhanced emission abatement in their processes. In 2009, the
global economic recession caused production to slow down and hence emissions to
decrease rapidly, especially in iron and steel (2C). Emissions reverted to ptevelsis

in 2010 and then continued decreasing
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Figure 2.31. Emissions from industrial processes, per subsector, 1990-2022.
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The subsector with the largest emissions is the metal industry (2C) with 46% of the
industrial process and product wuseThsector ds t
emissions were fairly stable until 2008, with the exception of someantasal

variations. In 2009, emissions decreased rapidly due to reduced production levels in

response to the global economic recession. Although production iemetsemission

levelsi increased again in 2010, the metal industry has not fully reverted to thetcemis

levels prior to the recession (Figure 2.31). However, prior to 2020, the emissions started

reaching preecession levels. The increase in emission was due to increased production

of iron and steel

Production of aluminium@RT 2C3) also causes emissions of perfluorocarbBREE)

under conditions where the amount of alumina falls below a critical level in the process
(commonly referred to as fianode effectsodo). Th
years, primarily as a result of investments in new technology in primaryreadum

productior#® since 2007.

Mi ner al industry (2A) is the second | argest s
(CRT2) total emissions in 2022, see Figure 2.31. Cement production (2A1) accounts for

17% of thes e ¢ t @RTA) total émissions. The industry also includes production lime

(2A2) and glass (2A3).

Emissions from the chemical industry (2B) show a decreasing trend in emissions from

1990 to 2011 with few minor exceptions. The decrease since 2007 is primarily a result of

a new treatment technology for nitric acid producfiohe new technology has resulted

in reduced emissions of nitrous oxide. The technology has been further developed

resulting in additional emissions reductions in 2010. Together with other production

(2H), that primarily includes process emissions frompthi@ and paper industry and

mineral wool production, the activities accountedf##%1 of t he sector d6s tot al
in 2022.

The electronics industry (2E) generated insignificant greenhouse gas emissions during the
period 1991 to 2004.

2.3.23  PRODUCT USECRT2D, 2F, 2G)

Greenhouse gas emissions from product G§EI(2D, 2F, 2G) represent 2% of the

national total emissions in 2022. The emissions stem from products used as substitutes for
ozone depleting substances (2F), «amergy products from fuels and solvent use (2D)

and from other product manufacture and use (2G)

The subsector with the largest emissions from product use, as seen in Figure 2.32, is
product uses as substitutes for ozone depleting substances (2F). In 2022, the emissions in
this subsector (2D, 2F, 2G) accounted for aroundvit.8f CO-eq, which represents

19% of the total emissions from industrial processes and product use. The emissions have
more than doubled since 1990he increase between 1990 and 2004 was more thldn 1

of COx-eq. and is primarily due to increases in HFC emissidRE€s have replaced the

use of ozonalepleting substances (CFCs and HCFCs), which have been phased out

25 Ny Teknik, 2014
26 vara, 2007
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following the Montreal Protocol, in products like refrigerators, freezers and air
conditioning equipment. At the same time the number of refrigeration and air
conditioning systems, air conditioning in vehicles and heat pumps has increased,
particularly inthe recent yeat& Since 2009 the emissions have decreased, which may be
a result of the implementation of an EU regulation limiting the use of fluorinated gases.

Greenhouse gas emissions from +gorergy products from fuels and solvent use (2D)
comprise emissions from a large number of applications of solvents, lubricants, paraffin
waxes, etc. as well as urea used in catalysers of for example cars and trucksetMisre d
are given in section 4.3he emissions of this subsector wereMt4bf CO,-eqin 2022

and represented 4% of the industrial processes and product use sector.

The estimated greenhouse gas emissions from other product manufacture and use (2G)
consist of fluorinated greenhouse gases from electrical equipment andmoohd

windows as well as D from product use in medical applications. The greenhouse gas
emissions in this subsector accounted for arount0df CO,-eq. in 202. The trend

was increasing until 1995 but has since gradually decreased, with a total decrdése of 3
since 1990
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Figure 2.32. Emissions from product use, per subsector, 1990-2022.

233 Agriculture (CRT 3)

Themain sources of greenhouse gas emissions from the agricultural sector are methane
from enteric fermentation of livestock, nitrous oxide and methane from manure
management and nitrous oxide from agriculture soils. Liming and urea application emit a
small anount of carbon dioxidelhe aggregated emissions from the sector in 2022
amounted to abo.5 Mt CO,-eq.,which equals about 14%f thetotal national

greenhouse gammissions (excluding LULUCFE)n addition, there are emissions related

27 Swedish Chemicals Agency, 2017
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to agricultural activities that are reported in other sectors (energy use in the energy sector
and emissions and removals of carbon dioxide on agricultural soils in LULUCF).

Emissions in the agricultural sector in 2022 were ali@t lower compared to the
emissions 1990This corresponds to a decrease of abouM2.€0,-eq. The emission
reduction was mainly due to increased efficiency and a declinestocknumbers,
especially dairy cattle and swirfeome of the decreasing trend can be explained by a
decreasén emissions from agricultaf soils, particularly from the reduced use of mineral
fertilizers. During the last decadbe emissions have been on a more stable lgvel.
2022,the overallemissions increased by about 1% compared to the previou@jgare
2.33). The increasa emissions in 202%as a cumulative &fct of several minor

emission changes from different sources in 2022 that worked in opposite direEtiens
largest changes were found in emissions of nitrous oxide from agricultural soils where
sales of Nmineral fertilizersdecreaseth the fertilizer year 2021/202&2hich contributed

to lower emissions but increased amount of crop residues in the fields and a high
decomposition of organic matter on mineral soils contributed to increased emissions.
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Figure 2.33. Emissions from agricultural subsectors 1990-2022.

Entericfermentation (3A) and agricultaksoils (3D) are the dominant sources of the
greenhouse gasmissions in the sector, and in 2022 they accounted for about 51% and
38% of the emissions, respectively. Manure management (3B) and liming (3G) accounted

for about 9% and 2% of the sectordés emissi

application (3H) isnsignificant (Figure 2.34).
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Enteric fermentation (CRF 3A) 51%

Agricultural soils (CRF 3D) 38%

Manure management (CRF 3B) 9.2%
Liming (CRF 3G) |11 1.9%

Urea application (CRF 3H) |0.0014%

0 1 2 3 4
GHG million tonnes CO2-eq (2022)

Figure 2.34. Emissions of greenhouse gases in the agricultural sector in 2022.

Animal husbandry and crop production are major sources efd@@greenhouse gas
emissions (Ckland NO). In 2022, the agricultural sector accounted f@no&hd 76% of
the total national emissions of CEnd NO, respectivelyApproximately56% of the
sect or 0 sstem fromE€Hy, iabmut 42%rom N.O and about 2%rom CO,. The
trend of the emissions per greenhouse gas can be seen in Figure 2.35.
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Figure 2.35. Emissions from agricultural sector per greenhouse gas 1990-2022.
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2.3.3.1 ENTERICFERMENTATION (CRT 3A)

Theaggregated Ckemissiors from enteric fermentation (3A) in 2022, were about 3.3 Mt

COreq. which corresponds t o @Eiguwe34)Gattless of t he s
the main source of emissions from entégignentation, accounting for about 86% of the

total. The emissions from enteric fermentation in 2022 were about 10% (0.4 Mten CO

eg.) lower compared to 1990 levels (Figure 2.33). In 2022 the emissions were about 0.1%

(2 kton CQ-eq.) lower than in 2021

The main driver for emission reduction since 1990 is a decline in livestock numbers,
mainly dairy cattleyhose population has decreaseeadilyduring this periotf. For this
reason, emissions from enteric fermentation from dairy cattle dropped by about 31%
since 1990. In 2022 the emissions from dairy cattle decreased by 1% compared to 2021
due toasmall continuas decrease ithenumber of dairy cows which resulted in a

slightly decreased total milk production.

Higher milk production per dairy cow gives lower £inissions per kg milk produced.
This is a trend that can be seen clearly in Sweden where the number of dairy cows has
been reduced by nearly half since 1990, whereas the milk production per cow has
increased with over 50% during the same time period. Therefore the the total amount of
milk produced has not been affected to the same degree. The production has become
more efficient through improved feeding, breeding and animal h&xdthis with a higher
production have a larger feed intake and thus emits more methane through enteric
fermentation. Even so, the large decrease in number of dairy cows has lead to reduced
methane emissions from dairy cattle.

Emissions of Ckifrom nondairy cattle(includes suckler cows as well as bulls, steers,
heifers and calves from both dairy and beef cattle produdtas)ncreased by about

14% since 1990. This can by explained by an increase in the number of animals in this
category during the same period. Especially, there has been a major increase in the
number of suckler cowdn 2022 the emissions from nalairy cattle increased by 1%
compared to 2021.

2.3.3.2 MANURE MANAGEMENT (CRT 3B)

In 2022, the aggregated emissions from manure management (3B) weres about 9% (or
approx. 0.6 MCO»-eq.) of the emissions from the agricultural se(figure 2.34) The
distribution was about 51% Glnd 49% NO. The total emissi@from manure
management in 2022 was about 1% lothan in 1990 (Figure 2.33). The reduction in
emissions is due to a reduced number of dairy cows and swine and more efficient storage
of manure. During the same time period there has been an ingremsissions from
especially nordairy cattle and poultry, but also from horses and sheep. Furtherttews
produce more milk also produce more manlwe022 the emissiorfsom manure
managementvere about 2% (12 kton Geq.) higher than in 202This was mainly due
changes ifbothamouns and management of manure for certain animal categories, in
particular for pigs.

In 2022, about onthird of theemission from manure managemeriginated from non
dairy cattle and treeemissions havincreased by 55% since 1990, due to increased beef
production. Emission from manure management of dairy cattle and swine in 2022 were

28 Jordbruksverket 2022.antbrukets djur i juni 2022 Jordbruksverket.se
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about 23% and 15%, respectively. These emissions have decreased since 1990, mainly
due to reduced population sizes. Nearly-tmed of the manure management emissions

in 2022 originated from other small animal categories (such as poultry, sheep, goats,
horses and from indirect emission, i.e., atmospheric deposition). For these categories
emissions have increased, especially for poultry where the increase in emissions is over
60% since 1990 due to an increased poultry population size.

2.3.3.3 AGRICULTURAL SOILS (CRT3.D)

Agriculturesoils (3D) is the largest single source of the nation@l dmissions.

Emissions are mainly derived from the supply and conversiaitrofyen from the use of
inorganic fertilizers, cultivation of organic sqitsop residues and animal manure applied

to soils or deposited by grazing animals. Other sources include emissions from other
organic fertilizers, such as sewage sludge, as well as indirect emissions from atmospheric
deposition and nitrogen leaching and-aff

In 2022, agriculture soils (3D) was responsible for about 38%pjoroximately2.5 Mt
COreqg.) of t h(Eiguse@.84)Emissions have deerdased by about 16%
since 1990 (Figure 2.33). The main reasons are reduced use of especially mineral
fertilizers (until about 10 years ago when this trend was stabilaretipreduction in
cultivatedarea of organic soil$Vithin the agricultural sector the yearly variation in
emissions is usually largest from agricultural soils, partly due to the variatiates of
inorganic Nmineral fertilizers. After a reduction in emissions between 2020 and 2021,
therewas an increase by about 2% from agricultural s@ts/bern2021 and

2022Slightly lowersales of Nmineral fertilizers in the fertilizer year 2021/2622
compared to the previous year contributed to lower emissions. High yi€l882 gave

rise to an increased amount of crop residues in the fields and thus, increased emissions.
Further, a high decomposition of organic matter on mineral soils in 2022 contributed to
increased emissions.

The use of inorganic ffertilizers has a large effect on the emissions and is based on sales
statistics Since 1990emissions from the use of inorganieféitilizers declined as sales

have fallen. However, the sales of, and thus also the emissions from, inorganic fertilizers
have started to increase again since around 2012. One explanation is an increased area of
autumn sown, high yielding crops which requires more nutrients. Futtieegeneral

trend with larger harvests in later years have also increased the need of fertilizers.
However, there is a large yearly variation in sales of, and thus the emissions from,
fertilizers. Factors that can affect the sales of fertilizers a certain year includes prices of
fertilizers and crops, harvest yields and the amount of saved fertilizers from previous

year.

2.3.3.4 LIMING (CRT3.G) AND UREA APPLICATION CRT 3.H)

Liming and the use of urea fertilizers give rise to emissions of carbon dioxide in the
agricultural sector. Liming is mainly applied to counteract acidificatiaprove soil
structure and to redug@osphorus losses. Emissions from both liming and urea
application show a downward trend since 198ftal emissions o€0, from liming were

29 SCB, 2023. Forsaljning av mineralgddsel for jord- och tradgardsbruk 2021/22, Statistiska meddelanden, Ml 30
SM 2301
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about 0.12 Mton in 2022vhichisabout 2% of t h &iguse84)The 6 s emi ssi
emissions from liming hae decreasetty about 29% since 1990.

The amount of urea uséd Sweden is generally small compared to many other countries
because urea is a slow release fertilizer, which does not fit well in areas with a short
growing seasoin northern latitudesuch as Swedeim 2022, the estimatedO,

emissions from urea applicatioGRT 3.H) wereapproximately0.1 kton, which is a
decrease by approximately 98% since 1990.

234 Land Use, Land Use Change and Forestry 1 LULUCF (CRT sector

4)
This sector consists of source and sink categories linked to land use, land useandange
forestry. The total net removal was #hillion tonnes ofCOx-eq. in 202. Forest land
covers more than half of the Swedish total laneh andis therefore the dominant
category in this sector. The largest net removals amtforest land and amounted to
almost 3 million tonnes ofCO-eqin 2022, followed by harvested wood products with
total netremovalsof 9 million tonnes ofCO,-eq The largest net emissions in this sector
occur in settlements, cropland and wetlands. This sector has hetsirk the whole
period from 1990 until 2(02

Sweden reports carbon stock changes from forest @GRd 4 A), cropland CRT 4B),
grassland@RT 4C) and settlement€RT 4E) and associated lanuse transfers and also

a small part of wetland€RT 4D) where peat extraction occurs on already drained peat
lands. These land use categories are considered managed. Since 2019 Sweden also report
on other land since the ERT recommended us to déveederreport on land change

from managed land to unmanaged la®ithice 2023 Sweden has included carbon stock

chang frommountainoudorest land Swederhave also updated the methodology for
estimating carbon stock change in mineral soils on forest land, Grassland and cropland.
When it comes to organic soils oropland we updatedheareain 2023

The calculation of net emissions and removals in the LULUCF sector also includes HWP
(Harvested Wood#roducts) CRT 4G), emissions of nitrous oxide associated with

nitrogen fertilization of forest land (41), nitrous oxide and methane from drained and
rewetted organic soils and methane from ditches (4ll), carbon dioxide from dissolved
organic carbon (DOC), nitrous oxigeissions due to mineralization due to land use
conversions and management change (4lll), indirect nitrous oxide emissions (41V) and
nitrous oxide, methane emissions from biomass burning (4V).

The most dominant category in this sector is forest land since forest land c#eu6 6
the total Swedish land area.
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Cropland (CRF 4B) 3,0
Settlements (CRF 4E) 24
Grassland (CRF 4C) 0,30
Wetlands (CRF 4D) 0,30
Indirect emissions from managed soils (CRF 4) 0,0010
Other land (CRF 4F) -0,0050
Harvested wood products (CRF 4G) -84 1
Forestland (CRF 4A) -39 —
-SID -4:0 -3:0 -ZIO -'IID D 'IID

GHG million tonnes CO2-eq (2022)

Figure 2.36. Emissions (+) and removals (-) in the LULUCF sector; for the categories, Forest
land (CRT4A), Cropland (CRT 4B), Grassland (CRT 4C), Wetland (CRT 4D), Settlements
(CRT4F) and HWP (CRT 4G) in 2022.

Net emissions and net removals per category

The LULUCEF sector has generated annual net removals in Sweden during the whole
period 19962022 (Figure2.36 and2.37). In 202, total net removal from the sector was
estimated to Zmillion tonnes ofCO-eq During the period total net removals have
varied between aroun@3o 57 million tonnes oiCO,-eq. Thetotal net removal was

about the same 2021 as in2022. The total size and variation of net removals in the
LULUCF-sector is mainly affected by the carbon stock change in forest land, and
changes in the carbon pool living biomass! mineral soitonstitute the major parof
these changefollowed by carbon stock changesdead organic matter.

Net removals in this sector are heavily influenced by harvests and natural disturbances
such as storms, drought and fires on forest land.
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Figure 2.37. Net emissions (+) and removals (-) of greenhouse gases in the LULUCF sector
from different land-use categories and total net removals for the LULUCF-sector, 1990-2022.

The lowest net removal in living biomass in forest land asnillion tonnes ofCO,-eq

in 2022 and the highesvasabout39 million tonnes ofCOx-eq in 1991 Between 203

and 202 the total net removal on forest laddcreased by nearty million tonnes of
CO»-eq.The decrease in net removaliving biomasss due to alecreasand slowing

down in forest growth, higharvestand high mortalityln 2005 and 200there were
decreases in the net remobalcause of two severe storms. According to the Swedish
National Board of Forestry, the felling, including wood felled by storms, was estimated at
122 Mm?sk in 2005. Howeveia decrease in the living biomass resuttostlyin an

increase in the HWHBool. The HWPpool wasa bit smallein 202 than in2021, around

8 million tonnes ofCO,-eq.

Interannual fluctuations in harvest rates are lahg@022 the gross harvest was
approximately 8 Mm?stemwood®. Gross removal (growth) in Sweden shows an
increasing trend but during the latest years the increase rate has sloweahdown
flattened out. Since harvest level is below growth therstill a steady carbon stock in
living biomass, which has prevailed since the beginning of the@itury but the trend

is negative The mineral soil pool on forest land isteadynet removalln 2022 the net
removal wasnore thanl8 million tonnes ofCO;-eq. The carbon stock change mineral
soil is hard to estimate since the pool is very large and the changes verywicall
entails highuncertaintiesThe emissions from organics soil on forest land is decreasing
but very little. In 202 the emissions amountedddit more that Bnillion tonnes ofCO,-

eq.

30 Skogsstyrelsen, Statistikfaktablad Avverkning 2022 (skogsstyrelsen.se)

31 Officiell statistik om den svenska skogen | Sveriges lantbruksuniversitet, SLU (mynewsdesk.com)
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The categories grassland and wetlands account for very small areas and small net
emissions and especially compared to forest land. The net emissions and removals in the
category grassland have varied during the period and the variation in the net removal i
due to the variation in harvest of trees (living biomass) in the grassland category. There is
no trend since there has been both net emissions and net removals between 1990 and
2022. In 2022 it was anetsource of about.8 million tonnes ofCO,-eq (uncetaintiesare

big). The emissions from wetlands are due to drainage of organic soils for peat
productionand decay of peat for cultivatiomhenetemissions in 202 were0.3 million

tonnes ofCO»-eq The peat production for energy has decreased but the peat production
for cultivation has increased.

The largest net emissions in this sector come from cropland and settlements. Net
emissions from cropland have besout 25 million tonnes ofCO,-eq as a mean value
betweenl990and2022. The annual variation in net emissions in cropland is connected to
the variation in mineral soils. The variations in mineral soils depend on what are grown
and how large areas of crops that are grown between years, together with the climatic
conditions (& temperature and precipitations). The total net emissio282Awas 3

million tonnes ofCO-eq The emissions from the cultivation of drained organic $aits
been decreasing since the areal has decrdasgskions from drained organic soils are

the largest source in this land use category and i@ @@2net emissions amounted28
million tonnes ofCO,-eq

Total net emissions from settlements weneaverag.4 million tonnes ofCO,-eq

during the period 199 2022. The highest total net emission was in 1993 and amounted
to nearly4 million tonnes ofCO,-eq The total net emissions #021 and2022 were

smaller than in 220 and amounted toearly 25 million tonnes ofCO,-eq Emissions are
mainly caused by urbanisation and establishments of power lines and forest roads and in
connection with harvest of livingiomass

Net emissions and net removals by carbon pool

Net removals in the LULUCISector are calculated as the total carbon stock change in
living biomass, dead organic matter (dead wood and litter including the humus layer of
soil), soil organic carbon, harvested wood products (HWP) and other emissions
(fertilization N2O, indirect (N20), mineralization -O), biomass burningN>O andCH,)

and drainageN.O andCHy,) for different land use categori@Sigure 2.38)
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Figure 2.38. Emissions (+) and removals (-) of carbon dioxide from different carbon pools,
1990-2022.

Net removals in living biomasand mineral soifire significant and primarly given by the

net removals on primarily forest land. The net removal in the carbon pool living biomass
in 202 was16 million tonnes ofCO,-eqand this is about the sameths year before but

14 million tonnes ofCO,-eq smaller tharin 2016.The lowest net removal for living

biomass was i2018 which wasa very dry yearThe HWP pool stock change depends

on the estimated difference between the inflow of carbon in terms of new products and
the modelled outflow of discarded products. At present, the estimated pool therefore
covariates with the living biomass net removalthim category forest land. The largest

net removals in the pool/category\HP, occurred after the big storm in 2005 resulting in
increased stock of timber the year after the storm. The net removal in the pool HWP was
about8 million tonnes ofCO»-eq in 2022 and thisis an increase since 201BheHWP

carbon stockas increaseduringthe last hreeyears and also the harvest has incredsed
Both in2020and 2021 the pulp and paper fraction has increased since there has been an
increased demah

The uncertainty of estimates in the LULUCF sector is generally larger than irGRAer
sectors in the inventory and the uncertainties are generally larger for the smaller
categoriegarea)in the LULUCF sector than for larger on&®r more information
please read in NIR annexes.

235 Waste (CRT sector 5)

Two thirds of the emissions from the waste sector come from solid waste disposal which
generates methane. These emissions have decreased by approximately 77% since 1990
and several policy instrumeritdoth legislative and economiichave had significant

82 Skogsstyrelsen, Statistikfaktablad Avverkning 2022 (skogsstyrelsen.se)
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impact on this trend. The most important mitigation measures are an expansion of
methane recovery from landfills, reduced landfill disposal of organic material, increased
levels of recovery of materials and waste incineration with energy recovery.

Emissions from wast€CRT 5) include emissions from solid waste dispoSRT 5A),
wastewater treatment and dischar@&T 5D), biological treatment of solid wast€RT

5B) and incineration and open burning of wagRT5C). The shares of the sub sectors

of the total emissions of the sector are shown in Figure 2.39. Greenhouse gas emissions
from the waste sector amounted t6Mt CO-eq. in 2022, or 2% of the national total of
greenhouse gas emissions. Out of this, approximately 0.51 Me@@ame from solid

waste disposal.

Solid waste disposal (CRF 5A) 54%
Wastewater treatment and discharge (CRF 5D) 23%
Incineration and open burning of waste (CRF 5C) 12%
Biological treatment of solid waste (CRF 5B) 10%

0.0 0.1 02 03 0.4 05 08
GHG million tonnes CO2-eq (2022)

Figure 2.39. Share of emissions from sub sectors in the waste sector 2022.

Emissions in the sector are predominantly methane)(®d% in 2022, as seen in Figure
2.40. Emissions of methane from the waste sector have decreased by 87% in the period
1990 to 2022, due to an increased level of collection and management of methane gas
from landfills and reduced amounts of organic makéing deposited in landfills.
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Figure 2.40. Emissions from the waste sector, per gas, 1990-2022.

In 2022, nitrous oxide (MD) emissions amounted to 22% of treenhouse gas

emissions. There has been a reduction in the quantity of nitrogen discharged from
municipal wastewater treatment plants from the-&880s, when nitrogen treatment in
wastewater treatment plants in Sweden was developed. The waste sector also emits small
amounts of carbon dioxideCO;) emissions, 12% of the sectdéesnissions in 2022.

These emissions come from the incineration of waste, of which a minor part is reported in
the waste sector and the major part is reported in the energy sector.

Emissions from the waste sector have decreased by 77% since 1990, see Figure 2.41 for a
sub sectoral breakdown of emissions over time. The most significant emissions in the
waste sector occur as a result of solid waste dispidealever the trend also shows the

most significant emission reductions within this subséctodecrease of 87% between

1990 and 2022.

While emissions from wastewater treatment and discharge decreased by 9% from 1990
until 2022, emissions emanating from biological treatment of solid waste and incineration
and open burning of waste both show increasing trends from 1990 to 2022 %669
159% respectively.
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Solid waste disposal (CRF 5A)

Wastewater treatment and discharge (CRF 56D)
== |ncineration and open burning of waste (CRF 5C)
== Biological treatment of solid waste (CRF 5B)

Figure 2.41. Emissions from the waste sector, per subsector, 1990-2022.

2.3.5.1  SOLID WASTE DISPOSAL CRT5A)

In 2022, 54% of the emissions from the waste sector came from solid waste disposal
(CRT5A). Between 2021 and 2022 the emissions decreased by 8% from this subsector.
Solid waste disposal covers managed, unmanaged and uncategorized waste that has been
deposited in landfills. Landfills are the second largest source for emissions of methane
gasin Sweden, after livestock farming (in agricultu@RT 3). Methane is formed when

organic waste deposited in landfills starts to decay. Increased collection levels and
management of methane gas from landfills and reduced amounts of organic material
beingdeposited in landfills have led to steadily declining methane emissions from

Swedish landfills since the early 1990s.

Waste management has developed considerably over the past twenty years. Several
policy instruments have had a significant impact on this trend. Producer responsibility

was introduced for several groups of products in the 1990s and, today, eight groups of
products are covered (i.e. batteries, cars, tires, electric and electronic products, packaging,
paper, pharmaceuticals and radioactive prodticts)tax on depositing waste in landfills

was introduced in 2066 Bans on landfill disposal of combustible waste (in 2002) and
organic material (in 2005) have also been introdtfcdthese bans contributed to

substantial shifts in Swedish waste management. The landfilling of other types of waste
has also fallen sharply.

33 Swedish EPA, 2017
34avfall Sverige, 2017
35 Swedish EPA, 2012
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Finally, the obligation for municipal waste planning that was introduced in*4 8%y
also have contributed to the increased collection of methane from landfills as well as to
the reduced deposits of degradable material

2351 WASTEWATER TREATMENT AND DISCHARGE CRT 5D)

About 23% of the emissions in the waste sector are emitted from wastewater treatment
and discharge. The emissions were approximately 0.2 MteQGn 2022. Wastewater
treatment facilities have been continuously improved since the late*196@sssions

from Swedish wastewater treatment and discharge have decreased by approximately 10%
since 1990, which may be explained by the improvement of facilities during the period as
well as increased biogas generation from sewage s(igere 2.4).

2.3.5.2 BIOLOGICAL TREATMENT OF SOLID WASTE CRT 5B)

Biologicaltreatment of solid waste accounted for 10% of the total emissions in the waste
sector in 2022 (approximately 0.1 K@0D»-eq). Biological treatment of solid waste

includes composting (aerobic digestion) and anaerobic digestion of organic waste. While
composting generates methane and nitrous oxide, the anaerobic digestion is designed to
produce methane for use in other sextor

The use of methane for combustion is reported in the energy sector, but emissions
emanating from the production (e.g. leakages when upgrading biogas) are reported in the
waste sector. The emissions from biological treatment of solid waste have shown an
increasing trend over the last two decades. In fact, the emissions have increased by almost
670% since 1990, especially in recent years when also production of biogas using
anaerobic digestion was scaled@@his may explain the increasing trend together with

the fact that composting and digestion overall has become more important treatment
methods of municipal waste during the time pefidure 2.4).

2.3.5.3 INCINERATION AND OPEN BURNING OF WASTEQRT5C)

In 2022, 12% of the total emissions in the waste sector occurred in incineration and open
burning of waste. Emissions have showrnremeased trend since 1990, and in particular
since 2003. The total generation of municipal waste has increased over the period and
incineration has become the most important treatment option for municipal waste (Figure
2.41). However, the main incineratiof municipal waste uses energy recovery and the
emissions are therefore accounted for in the energy s€fdrY). Nevertheless, this has

led to a higher incineration capacity which together with larger quantities of waste being
categorized as hazardamsly explain the trend also for incineration and open burning of
waste in the waste sector.

2.3.6 International shipping and aviation

International bunkers include refuelling in Sweden by international shipping and aviation.
These emissions are reported as memo items and are not included in the total Swedish
emissions calculated in relation to the Convention and Kyoto Protocol comnstment
Greenhouse gas emissions from international shipping and aviation, also known as
international bunkers, are considerably larger than those from domestic shipping and

36 Swedish EPA, 1991
37 Swedish EPA, 2009
38 Swedish Energy Agency, 2015
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aviation. In 202, they amounted t8.9 Mt of CQ-eq, which is aincrease 06% since
2021 (Figure 2.42). The overalhcrease in emissions from international bunkers is a
result ofincreasedir traffic afterthe covid19-pandemicGreenhouse gas emissions
from international shippindecreased during 2@2

151

-
o

GHG million tonnes COz-eq
@
|

International navigation (1D1b)
International aviation (1D1a)

Figure 2.42. Emissions from international bunkers, total and per subsector, 1990-2022.

Emissions from international shipping reached a tot@lMt of CO,-eq. in 202. This is
adecrease 06% comparedo 2021, anda doublingof emissions compared 1®90.

Explanations of the increase of emissions from foreign shipping might be:
1 That Swedish bunker companies have gained market share in the bunkering
market, partly because they were early on offeringsalfur fuel and partly
because a major competing Danish company went bankrupt in 2014.

1 The production of residual oil (fuel oil nos52 has increased due to higher
demand for lowsulfur fuel, where residual oil is a fproduct from the
production of lowsulfur fuel and then the residual fugkold as cheaper high
sulfur fuel.

1 How much shipping companies choose to bunker in Sweden also has to do with
how the fuel price in Sweden compste other countries and the shipping routes
in general.

Fluctuations in bunker volumes between years are also dependent on fuel prices in
Sweden comparett the pricesin ports in other countries.

Greenhouse gas emissions from international aviation bunkers \Bévie af CO2-eq. in
2022. This is aincrease 083% compared to 21, and35% higherthan in 1990. The
largeincreasan emissions from international aviatibetween 2021 and 2022a
rebound effect aftethe covid19-pandemicEmissions are still not back at gpandemic
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levels.Emissions from international bunkering of aviation have varied over time, but the
trend points to a rise in these emissions, owing to growtitemationakravel.

104



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2024

2.4 Precursors and indirect emissions

Theindirect greenhouse gases in Sweden include nitrogen oxideg,(Mixmethane

volatile organic compounds (NMVOCs), carbon monoxide (CO) and sulfur dioxide

(SO). The first three gases influence the concentratimzohe in the lower troposphere

and hence have influence on the radiative forcing. Sulfur dioxide contributes to aerosol

formation in the atmosphere. Sulfaterosols affect the climate as they reflect sunlight

and they also have an indirect efdd&®cdf on cl im
clouds whichhave a negative net radiative forcing effect, and therefore tend to cool the

surface.

There has been a lotgrm decrease in the emissions of the indirect greenhouse gases
and SQin Sweden as their emissions have declined strongly since 1990.

241 Non-methane volatile organic compounds (NMVOCs)

A total of 132 kt of normethane volatile organic compounds (NMVOCSs) were emitted in
2022.Approximately 45% of the emissiewas derived fronthe industrial processes and
product use sectoCRT 2). The shargof the energy sectoCRT 1) and the agriculta
sector CRT 3) were about 33% and 22%, respectively. The remaining ens$8i@d6)
werederived from the waste sector.

Within (CRT 2) most oftheNMVOCs emissions were derived from solvent (&@3),
accouning for 38% of the national total in 2022.ddgt of the emissions IBRT 1 were
derived from Other sectors (1A4) and the transpector(1A3) as well as from fugitive
emissions of oil and natural gas (1B) and accounted for about 19% .a&d 27/% of the
national totalyespectively Emissions fronmanure management (3B) accounted for
about 15%of the national total in 2022ge Figure 2.43

Solvent use (2D3) 38%

Other 24%
Manure management (3B) 15%
Other sectors (1A4)

Transport (1A3)

Fugitive emissions (1B)

0 10 20 30 40 50 60
NMVOC kilotonnes (2022)

Figure 2.43. Emission sources of NMVOC in 2022 (kt).
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Theaggregated emissions of NMVOCs have declinedpproximately64% since 1990.

Most of the emission reduction occurred in the energy seCRT () followed by the

industrial processes and product use se@&T(2. The aggregated emissiin 2022
decreased by approximately 1% compared to 2021 and most of the decrease occurred in

CRT2, see Figure 2.44.

400

3001 1

2004

NMVOC kilotonnes

1001

Energy (CRF 1)

Industrial processes and product use (CRF 2)
mmm Agriculture (CRF 3)
mmm Waste (CRF 5)

Figure 2.44. Emission trends of NMVOC 1990-2022 (kt).

Within the energy sector, the largest reduction of NMVOCs emissiczurred in the
transport sector as emissions decreased by about 92% sincdi®%90ain reason
behind the reduction was the introduction of stricter emission standards in the EU
regulation for road vehicleBetween 2021 and 2022, emissidrom the transport sector
decreased by 1%. Emissions from oil refine(EB) have also decreased since 1990; by
89%due to technologicamprovements in the sector

Since 1990NMVOCs emission$rom solvent use (2D3) have decreased by 44%aue
national abatement measures, sucthaseduction of solvents content in paints and
coatingsEmissions from the agricultarsector CRT 3) havedeclined by about 25%

since 1990, mainly due to decreased numbers of livestock and hence reduced aimount
manure, especially from dairy cattle and swine

242 Nitrogen oxides (NOx)

In 2022, the total emissions of N@vere aboufl12kt. The energy sectoCRT 1)
accounted for most of the emissiqii6%). Theindustrial processes and product use
sector CRT 2) and theagriculturl sector CRT 3) were responsible fabout12% each.
Emissiors from the waste secto€CRT 5) wereinsignificant.
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In 2022, the transport sector (1A3) and the manufactumohgstries and construction

(1A2) were responsible for 41% and about 14%, respectively, while the shares of the heat
production and public electricigector(1Ala) and Other sectors (1Addntributedl1%

and 9% respective)ypf the total emission

The pulp and paper industry (2H1) was the major source @eNxsion in th&€€RT 2
sector. Most of the emissisim theagricultual sector verederivedfrom agricultual
soils (3D),seeFigure 2.45.

Transport (1A3) 41%
Manufacturing Industries and Construction (1A2) 14%
Other 13%
Industrial processes and product use (2) 12%
Public electricity and heat production (1A1a) 11%
Other sectors (1A4) 9.1%
0 1‘0 2‘0 30 40 5‘0

NOx kilotonnes (2022)

Figure 2.45. Emission sources of NOx in 2022 (kt).

Since 1990, the aggregated Némissions have declined 6% and the emissions in

2022 were 3% lower compared to the previous year, see Figure 2.46eM8sions

from the transport sector (1A3) have declined by about 73% since 1990. Between 2021
and 2022emissions from the transpactordecreased by 4%mainly from road
transportationln urban areas, road traffic is the most significant contributor to emissions

of NOx but the introduction of catalytic converters on cars in the late 1980's and the
subsequent gradually more stringent emission standards have contributed to the reduction
of nitrogen oxide levels in urban areas.

NOx emissions from energy industries (1A1) have been reduced by about 18% since
1990. However, the annual N@mission from (1A1) varies due to variable weather
conditions Weatherinfluences the demand for heating of houses, public and commercial
buildings resulting in emission patterns that mirror the irgenual variability of
weatherThe increased use of district heating and the introduced ‘ti@rge" in the

early 1990s have also contributiededuction of NQ emissions
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Figure 2.46. Emission trends of NOx 1990-2022 (kt).

Emissions of N@from the industrial processes and product use seCRT ) have
decreased by about 14% since 1990. Minefa¢mical and metal industries were
responsible for the reductio8ince 1990emissions from thagricultuial sector have
declined by 13% dut reduceduse of Nfertilizer andthe reduction of the amount of
manurefollowing a decreasingumber of livestock, especially dairy cattle and swine
There have also beégmprovements in manure management at the national level

243 Carbon monoxide (CO)

The aggregated emisswaf carbon monoxide (CQ)avedecreased by5¢6 since 1990
andwerearound Z7 kt in 2022. Emissiosin 2022were2% lower than 2021.

In 2022, he energy sectoCRT 1) accounted for most of the emissidB89%). Most of
theremaining emissiagwerederived from the industrial processes and product use
sector CRT 2). Emissiors from the waste secto€CRT 5) wereinsignificant.

In 2022, Other sectors (1A4, mainly residential heat production (1A4b) and commercial
finstitutional (1A4a)) accounted for 55% of the total emissidine share of the transport
sector (1A3) was 27%. Emissions from manufacturing industries and construction (1A2)
and the industrial processes and product use sector (mainly metal industry (p@kpand
and paper industry (2H} )accounted for aboutB% and 10%, respectively of the
emissiosin 2022,see Figure 2.47
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Other sectors (1A4) 55%
Transport (1A3)

Industrial processes and product use (2)

Manufacturing Industries and Construction (1A2)

0 100 200
CO kilotonnes (2022)

Figure 2.47. Emission sources of CO in 2022 (kt).

Since 1990, emissions from thaergy sectorGRT 1) have declined by7p6 of which

the transport (1A3) was responsible for most of the reduction. This was achiewesd as
fuel-drivenvehicles soldn Sweden have been equipped va#ttalytic converterthat
convert CO gas and other unburned hydrocarbons tea@®water vapolEmissions of
CO from te industrial processes and product use seCRIT @) have increased by about
33%since 1990mainly from aluminum production (2C3) and pulp and paper industry
(2H1), due to increased productiaegeFigure 2.48.
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Figure 2.48. Emission trends of CO 1990-2022 (kt).
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244 Sulphur dioxide (SO,)

Emissions of S@have decreased from about 103 kt in 1990 to about 15 kt in 2022, a
reduction of 86%Emissiorsin 2022wereabout 4% lower than the previous ydar.

2022, almost 46% of the emitt&D, was derived from the energy sectG®RT 1), while
the industrial processes and product use seCRIT ) was responsible for the remaining
emissiors (54%). Emissioafrom the waste secto€CRT 5) was insignificant

Most of theSG; emissionavere derived from Metal industry (2@nhd public electricity
and heaproduction (1Ala), accoung for 28% and 19%, respectively. The
manufacturing industries and constructsmttor(1A2) was responsible for 17 % and the
Other sectors (1A4) for.4 % of the total emissions in 2022. The transport sector
accounted for 3% of the emissionseeFigure 2.49.

Other 30%
Metal industry (2C) 28%
Public electricity and heat production (1A1a) 19%
Manufacturing Industries and Construction (1A2) 17%
Other sectors (1A4) 4.4%

Transport (1A3) 2.3%

0 1 2 3 4 5
SOz kilotonnes (2022)

Figure 2.49. Emission sources of SOz in 2022 (kt).

Emission of S@from the transport (1A3) has declined by 97% since 199 igeee

2.50 A similar trend can be observed in other subsectors within the energy sector, such as
the energy industries (1A1), the manufacturing industries and constructiongdé\2)

Other sectors (1A4 which have declined betwee89%8 and 96%Emissions from the

industrial processes and product use se@&T(2) have also declined by 77% since

1990 The main reason for the reduction of emission was a transfer from fuels with high
sulfur content to very lovgulfur content fuels. A tax on sulfur, introduced in 19%s h

been importanin this transition.
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Figure 2.50. Emission trends of SO2 1990-2022 (kt).

Thepulp and paper industry (2H), metal industry (2C) and the mineral industry (2A)
were responsible for most of the S€nission reduction withi€RT 2. Domestic
navigation (within Wateborne navigatiof©RT 1A3d) contributed little morethan 1%
of the aggregated S@missiosin 2022 anchasdecreased by 96% compared to 1990,
due to a switch to oils with lower sulphur content.
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SEner@QRBector 1)

3.1 Overview of sector

Theenergy sector includes emissions from fuel combus@®RiT(1.A) and fugitive

emissions from fuel production and handli@RT 1.B). Energy consumption per capita

is high in Sweden compared to other OECD countries. This is because of the availability
of natural resources such as forests and hydropower, which led to the early and rapid
expansion of energintensive industries. Swee n 6s geogr aphi cal |l ocati on
annual temperatures also explains the high demand for energy for heating. The energy
sector, including transport, has long accounted for the major part of Swedish greenhouse
gas emissions and emissions of carbon dioxide dominate overwhelmingly in this sector.
However, carbon dioxide emissions per capita from the energy sector are lselativia
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 carboxidi .

As can be seen in Figure 3ith the energy sector, emissions@®, contribute about 98%
of thetotal greenhouse gas emissionsGi;-eq.) in 202. Emissions of total greenhouse
gases from the energy sector have decreased by 37% from 53Q@2dq. in 1990 to
30868kt CO,-eq. in 2022, mainly due to reduced fossil fuel consumption in the
residential sectoiGRT 1.A.4) (Figure 3.2).

70000
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40000

30000

kt CO2ekv.

20000

10000

Total emissions co2 —CH4 N20

Figure 3.1. Total emissions of all greenhouse gases calculated as Gg COz-eqg. from CRT 1
Energy.

39 Ministry of the Environment, 2001
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Figure 3.2. Total emissions of all greenhouse gases calculated as COz-eq. from the different
sub-sectors within the Energy sector. 1A1 Energy industries. 1A2 Manufacturing industries
and construction. 1A3 Transport. 1A4 Other sectors. B Fugitive emissions.

As shown in Figure 3.2, the transport sec@RT 1.A.3) accounts for the largest part of
the GHG emissions from the energy sector. Emissions from public electricity and heat
production CRT 1.A.1) varies mainly because of temperature variations between years.
As mentioned earlier, the emissions from residential hea@RJ (L.A.4) are decreasing
due to a shift from usage of heating oils to district heating. In manufacturing industries
and constructionGRT 1.A.2), the three largest industries in termsuafl tonsumption

are the pulp and paper industry, the chemical industry and the iron and steel industry.
Despite rising industrial production, oil consumption has fallen sharply since 1970. This
has been possible due to increased use of electricity andvietbenergy efficiency.

The large emissions fro@RT 1.A.1 in 1996 and 2010 are mostly due to the cold winters
thoseyears and low production of nuclear energy, which meant that the demand of
electricity and heat had to be met by combuskiaged energy. In 2011, conditions were
less extreme and emissions, especially from electricity and heat production, decreased
consideraby. The dip in emissions from manufacturing industries and construction in
2009 reflects the economic conditions resulting in lower demand of e.g. iron ahd ste
The covid pandemic influenced almost all sectors and led to a decrease in emissions in
2020.The increase of emissions between 2020 and 2021 are due to increased
consumption of liquid and gaseous fuels in the energy production sector. There are two
refinery facilities producing hydrogen. One started in the 1980s. The increase in fugitive
emissiongrom oil and natural gasCRT 1.B.2) from 2006 is caused by the other facilitiy
that put into operation full scale productionhyidrogen.
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3.2 Fuel combustion (CRT 1.A)

Emissions from fuel combustio@RT 1.A, are allocated to a number of subsectors.

CRT 1.A.1energy industries e.g. public electricity and heat production plants,
combustion activities within oil refineries, andmbustion related to solid fuel
production, i.e. coke ovens.

CRT 1.A.2 manufacturing industries, combustiorrelated emissions in manufacturing
industries and construction and working machinery within the construction sector
allocatedo this subsectoEmissions from working machinery within the construction
sector are allocated ©RT 1.A.2, but apart from thaGRT 1.A.2 includes only
stationary combustion.

CRT 1.A.3, emissions frondomestic transportinclude aviation, road traffic, railways
and navigation.

CRT 1.A.4, emissions fronother sectors,include stationary and mobile sources in
households, service, agriculture, forestry and fisheries.

CRT 1.A.5, emissions fronother combustion

Emissions fronmnternational aviation and international navigation (international
bunkers) and multilateral operations, CRT 1.D, arenot included in the national total.

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

Emissionsies( uni t) = x Fuel consump@i*EBus (unit) * ther mal

Different tier methodsre used for different stdectors as discussedthe sections
below.Activity data sources, thermal values and emission factors are described in detalil
in Annex 2.

Please note that some fuel types are used in industrial processes rather than for energy
purposes. This ior examplethe case for coal and coke in the metal industry. Emissions
from these fuels are thus accounted for ur@ieT 2 and methods used are described in
section 4.

3.21 Comparison of the sectoral approach with the reference approach

A detailed discussion on the reference approach and the differences compared to the
sectoral approach is provided in Annex 4. Figure 3.3 shows the differences in fuel
consumption an€0O, emissions between the Reference and Sectoral Approach for all
fossil fuels 199R022.
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Figure 3.3. Differences between Reference Approach and Sectoral Approach (Reference
minus Sectoral expressed as percent of sectoral approach).

Fuel consumption and G@missions from the reference approach differ with more than
2% from the sectoral approach for all years. However, the energy consumption and
emissions in reference approach is mostly lower than the sectoral approach. In response
to UNFCCC review recommeations since 2013, a cooperation between Swedish EPA,
Swedish Energy Agency, SMED and Statistics Sweden has been initiated with the aim to
find explanations to the differences.

The comparison between reference and sectoral approacdshfied in larger
differencessince submission 2@2lueto largerdifferences irgaseousuels liquid fuels
and solid fuelsThe main reason for tHarger differencess that the energy consumption
in TJ for noRrenergy usef gaseous fuelare differenin the energy balances and the
IPPU sector. The differencéavebeenfound to have several reasons as of now. There
aredifferences iremission fact@and net calorific valugbetween the sectarapproach
and the reference approach. There are also reporting differences bisteemergy
balances delivery side, the consumption side theEU Emission Trading Systdm
energy used. These differend¢esre not yet been fully resolved larebeing further
investigatecand evaluatedh cooperatiowith the facilities in questiarEnergy
consumptiorof gaseous fuelss in line with the finalenergyconsumption in the energy
balanceseported for Sweden

The largest parts of the differences, in absolute numbers, are relatéid Bmd gaseous
fuels followed byliquid fuels in submission 2024.

Consumption of liquid fuels according to sectoral approach is consistent with official
energy statistics on fuel consumption, as described in Annex 4.
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In general, the comparison of RA with SA has improved since submission 2021. The
improvements are due to revised energy input of NEU (for further description of
improvements se chaptér2.1 Revisions of Neenergy use in Annex 4 and revisions of
theMonthly fuel statistics.

Other remaining differences are:

Mainly due to differences in NCV for the various fuel types within this group between

RA and SA, which causes discrepancies between the differences of Fuel consumption and
CO; emissions.

The differences for solid fuels are still large. One important reason for the difference
that the different data sources used for reference and sectoral approaches have very
different purposes. In sectoral approach, the main data sources for the iron and steel
industry are environmental reports and data reported to EU ETS, which arespeehsid
accurate. For the reference approach, Monthly Fuel Statistideand delivery statistics
are used. Since submission 2022, the NEU for solid fuels in IPPUewiaed and new

data for emissions, carbon excluded and fuel amounts for NEU were calcUladdst
emission years, 2019, 2020 and 20w increased differences in Energy consumption
due to thadeliveryside of the Energy balance repogtlarge stock changes in

combination with increased import, which is not seen in the GHG inventory (see Annex
4, chapter 4.4.2 Solid fuels for neatetailed discussionjurther investigations on

possible reasons for the differences are needed, with a focus on cooperation between the
inventory compilers and the Swedish Energy Agency and the steelworks operators, as
there are still reporting consistency deficiencies reggrdivironmental reports and
energy statistics for the iron and steel industry in particular.

For other fossil fuels, there are differences due to different classifications of fuels and
different assumptions about fossil and biogenic shares of municipal waste.

3.2.2 International bunker fuels

This sector covers emissions from fuel bought in Sweden and used for international
navigation and aviation as well as multilateral operations.

Emissions from international bunkers for aviation and navigation are not included in the
national total, but instead reported separately as a memo i€RTid.D. This is in
accordance with the IPCC Guidelines. However, when the Swedish emissions are
evaluated, international bunkers are importantrasrhouse gas (GHG) emissidrem
international bunkers are almost ten times higher than from domestic navigation and
aviation and have increased significantly since 1990. The increase of GHG emissions can
be explained by increased travel abroad by flight, an increase in freight transport by
shipping and an increased market share for Swedish bunker companies. For more
information regarding the increase of GHG as a result of an increase in consumption of
bunke fuels, see chapter 2.3.6. The corona pandemic had a profound impact on
international aviation i2020.
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3.2.2.1 INTERNATIONAL AVIATION, CRT1.D.1.A

Bunkerfuel for aviation is defined as fuel used for international aviation purchased in
Sweden and used for flights with a destination abroad. This includes emissions from the
whole flight cycle, i.e. both the LTO and the Cruise phase.

1 LTO (Landing and Tak®ff): aircraft emissions that occbelowan altitude of
3000 fee
9 Cruise:aircraft emissions that occabovean altitude of 3000 feget

The emissions from both domestic and international aviation, reported to the UNFCCC,
are based on activity data from the monthly survey on supply and delivery of petroleum
products from Statistics Sweden (see Annex 2) as well as fuel and emission dd¢a repo
by the Swedish Transport Agency (STAQ). The methodology for calculating national
emissions is the same for all years with a few exceptions for the gadiex.

In 2020, the corona pandemic had an unprecedented impact on international aviation,
causing emissions to fall below the levels of 1990 for the first time since 1993. In 2022,
there was a massive increase in greenhouse gas (GHG) emissions from international
aviation, although from low levels and they are still below-pesndemic levels. The

GHG emissions from international aviation were 18268®-eq. in 2022, which is a

35% increase compared to 1990 and an increase by 83% since 2021. See Figure 3.4
below.With the exception of 2020, emissions from international aviation have varied
over time, but has shown an increasing trend due to an increasing trend in foreign travel.
Biogenic jet kerosene is included in the emissions calculations from 2018, but the
Swedsh government did not introduce a mandatory reduction obligation until the year
2021. The same emission factors are used for biogenic as for fossil jet kerosene

kt CQ eq. International Aviation
3000

2500
2000
1500
1000
500
0
F&FSFSSFF S

Figure 3.4. Total emissions of all greenhouse gases calculated as CO2 eq. from international
aviation 1990-2022 (kt).

The Swedish Transport Agency (STAg) have an obligation to report the emissions from
aviation in accordance with the Swedish climate regulation. The fuel consumption and
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emissions published by STAg, are calculated by the Swedish Defence Research Agency
(FOI) by using an estimation model and input data provided by STAg regarding:

9 Airport of departure and arrival
1 Type of aircraft

1 Number of flights

1 Number of passengers

9 International or domestic flight

A database with information regarding 200 different types of aircraft is also used. The

emissiondata egar ding different types of aircrafts i
Engine Exhaust Emission Data Banko. All this
amounts of burnt fuel for total flight time as well as for aircraft movements below 3000

feetat the airports, the so called LTO cycle. The FOI has in a published report described

their method for estimating the emission from avidflon

Due to the fact that Swedish airports generally are smaller than international airports in
other countries; taxi times are much shorter for domestic flights as well asalinaind
take-off times compared to the International Civil Aviation Organizati@AQ)

standards that the IPCC guidelines foltbwAs a result, the traffic from Swedish airports
consumes less fuel and gives rise to less emissions.

The results from the emission calculations are aggregated into four groups; domestic
landing and takeff (LTO), domestic cruise, international LTO and international cruise.
The estimated fuel consumption and emissions are then adjusted to corresperideb th
statistics from the monthly survey on supply and delivery of petroleum products from
Statistics Sweden (see Annex 2).

This is in line with 2006 IPCC Guidelines, and data of good quality exists from 1995 and
onwards.

Emissions of C@and SQfrom 1995 and later, are based on thermal values from 2006
IPCC GuidelinesEmissions of C@are calculated using emission factors from 2006

IPCC Guidelines while emissions of SO2 are calculated usingtry specific emission
factors. The emissions of HC are estimated by STAg and split into NMVOC and CH
based on the ratio according to the EMEP/EEA Air Pollutant Emission Inventory
Guidebook 2013. N,O emissions from LTO are estimated by using the number of LTO
cycles reported by FOI together with emission factors from EMEP/EEA Guidebook 2013.
N2O emissions from the Cruise phase are based on delivered amounts of fuel for cruise
activities estimated by FOI, together with emission factors according to the EMEP/EEA
Guidebook 2013. All emissions estimated by STAg are adjusted to be in line with the
national fuel delivery statistics.

40 Martensson, T. & Hasselrot, A., 2013.
41 Gustafsson, 2005.

42 |n EMEP/EEA Guidebook 2016 and 2019 the methodology has changed and requires more precise input
data. Therefore, Sweden still uses the methodology descibed in the 2013 edition.
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Emissions of C@for 19901994 are based on thermal values from 2006 IPCC
Guidelines, country specific emission factors and an assumed international share of the
total air traffic. Emissions of Sre estimated based on the fuel and energy consumption
and emissions a0, in 199G1994. The number of LTO cycles in 199094 was

estimated by measuring the mean value for LTO cycles for domestic and international
flights in 19952000. Emissions of CO fd9931994 were calculated by comparing the
ratio betweerCO and C@emissions in 1995. The same ratio was applied for-199d.

The calculation of N@emissions was made in a similar way as for CO emissions. The
emissions of HC in 1990994 were estimated lextrapolation.

3.2.2.2 INTERNATIONAL NAVIGATION, CRT1 D1B

Internationabunkers from navigation are defined as fuels bought in Sweden, by Swedish
or foreignregistered ships, and used for transportation teSwedish destinations.

International freight transport activity has increased, as the volume of goods transported
has grown and globalisation of trade and production systems has led to goods being
transported over greater distances. Another factor for the increased emissidrizecou

that more shipping companies choose to refuel in Sweden, as Swedish refineries produce
low-sulphur marine fuels meeting strict environmental standards. Fluctuations in bunker
volumes between years are also dependent on fuel prices in Sweden camparexin

other countries. Sezhapter 2.3.6. for more information.

The emissions frormternational navigation are estimated applying Tiang@ the
emissions of GHG from international shipping was 7 046Q®-eq. in 2022. This is a
decrease by 5.9 % compared to 2021 but the emissigmsaihouse gasbave more
than doubled since 1990. Ttwal emissions of all greenhouse gases calculated as CO
eq. from international navigation can be seen in Figure 3.5.

CQ ekv. (kt) International Navigation
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Figure 3.5. Total emissions of all greenhouse gases calculated as CO2 eq. from international
navigation 1990-2022 (kt).



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2024

The split between fuel used for national and international navigation, except for leisure
boats, was based on the monthly survey on supply and delivery of petroleum pfoducts
until submission 2020. However, as it was problematic for fuel suppliers to separate fuel
distributed to national respectively international navigationprbathly survey of fuel

supply statistics was revised in 2018. The reported fuel for national and international
navigation was merged in the survey to represent the total fuel supply for navigation.

As from submission 2020, the fuel consumption by international navigation is estimated
as the difference between the fuel used by domestic navigation, which is based on the
Shipair model, and the total supply of fuel for navigation imtloaithly survey of fuel

supply statistics-or more information regarding the methodology for domestic
navigation, see section 3.2.19.2. The exeception to the rule is the consumption of
liquefied natural gas (LNG), which is based on a survey.

LNG is a rapidly increasing shipping fuel. The volumes are still small compared to other
fuels in international navigation, but the increasing amount of LNG has a big impact on
the methane emissions from shipping due to methane slip. A survey to edtienase of
LNG by shipping has been conducted annualy since 2020 and shows a consumption of
LNG since 2018. The Shipair model can distinguish LNG powered ships and their
consumption of LNG is subtracted from the Shipair model to avoid double counting, as
this data is taken from the LNG survey. The emission factors for LNG are based on a
study from2020+.

3.2.2.3 MULTILATERAL OPERATIONS, CRT1.D.2

Emission from multilateral operations should be reported separately as a memo item in
CRT1.D.2, in accordance with 2006 IPCC Guidelines.

The fuel for military operations abroad is, according to information from the National
Defence, not bought in Sweden but in the country where the operation takes place and
therefore not included in the Swedish inventory

3.23 Feedstocks and non-energy use of fuels

Activity data on feedstocks and nenergy use of fuels is collected from theilitiesd
environmental reports and the EU ETS statis&wgeden uses the Swedish Energy
Balance non energy use data @RT table 1.A.d, norenergy use (NEU) of fuels for all
fuel groups except for solid fuels, whis is the same as for feedstocks ardergy uses
reported in the IPPU sectdCRRT 2).

Net calorific values and carbon emission factors are the sam&€asih.A.b. The

par amet er nf oxdizedi ohna so fb eceanr bsoent,whicbhisidalin® O f or al |
with the 2006 IPCC GuidelineEmissions from use dtiels reported ifCRT 1.B or CRT

2 is re@kemiedsiacndt from the NEU rCBRported in t1l
tables.

43 Statistic Sweden. Monthly fuel, gas and inventory statistics. See annex 2 for more information regarding
different surveys.

44 Hult, C. et al. 2020. Emission factors for methane engines on vehicles and ships

12C



SWEDISH ENVIRONMENTAL PROTECTION AGENCY
National Inventory Report Sweden 2024

3.24 CO; capture from flue gases and subsequent CO, storage

So far, storage d£0, does not occur in Swed&nThere are, however, several research
projects going on wher€Q; is captured from flue gases at a pilot stéale

3.25 Country-specific issues
No countryspecific issues are reported in this submission.

3.26 Public electricity and heat production (CRT 1.A.l.a)

3.26.1 SOURCE CATEGORY DESCRIPTION

Swedish production of electricity is characterized by large proportions of hydropower and
nuclear energy. Sweden is also expanding its proportion of wind power, which is
increasing every year. Wind power effects the electricity balance and is also affected

the weather. The power generated by wind power might need the use of reserve power in
cases of limited wind-or reserve powem some cases fossil fuels are ugedly a

small share of the 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 basédels depends to

a large extent on the actual weather conditions. Years with dry weather and cold winters
have a significant effect on the use of fuel in electricity production since less electricity
can be produced by means of hydropower and moreieigcis needed for heating. The
largest emissions from electricity production were thus in 1996, due to very dry and cold
weather. The winters 2009/2010 and 2010/2011 were unusually cold, which lead to an
increase in fuel consumption particularly in 20Lyjuid fuels and natural gas account

for most of the increase, although the increase in natural gas use can to a large extent be
explained by the fact that new gas fuelled facilities had been taken into operation. The use
of solid fuels also increasedtmsiantially between 2009 and 2010, but in this case the
explanation is the recovery from the dip in production in the iron and steel industry in
2009, which thus affected the amounts of energy gases sold to the public electricity and
heat production plants

In Sweden, electricity and district heating are used to a large extent to heat homes and
commercial premises. Increased use of district heating since 1990 to heat homes and
commercial/industrial premises has led to increased energy efficiency and thus lowe
emissions. Emissions of methane and nitrous oxide have increased from electricity and
heat production because of the increased burning of biomass fuels.

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

Since submission 2018RT 1.A.1.a is split in three categories according to the 2006
IPCC guidelines: 1.A.1.a.i= Electricity Generation, 1.A.1.a.ii = combined heat and power
plants (CHP), and 1.A.1.a.iii = heat plants. The allocation to the three subcategories is
based on the clasication of the plant according to the Swedish Business Register. For
the years before 1999, the classification of the categories CHP and electricity generation
is doubtful and not transparently documented. Because of thisiensigrom electricity
generation are reported as IE, included in CHP, 2800t should be noted that fuel

45 Geological Survey of Sweden, 2010.
46 E-on 2010-11-04, Fortum 2010-11-04.
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combustion for electricity generation is very minor compared to fuel consumption in CHP
plants.

The trend in fuel consumption in this sector varies depending on the production of
hydroelectric power and weather variations between years. The largest changes in fuel
consumption are for biomass fuels, where the consumption has increased significantly,
mainly due to increased district heating. Between 2013 aBg #fe consumption of

natural gas in this sector decreabg®0% which resulted in a notable decrease in
emissions for this sectdotal.

Production of district heating is currently to a large extent based on biomass and waste.
There has been a shift from fossil fuels towards biomass since 1990. In 1990, 23% of
fuels used were biomass including biogenic waste, and 5% was fossil waste2,In 202
77% of all fuels used for district heating were biomass (including the biogenic fraction of
waste), while waste (fossil fraction) accounted for 95%hese proportions have been
quite similar during the last six years.

Since 1990, there has been a large increase in the use of district heating from 89 PJ
(1990) to178 PJ (49.5 TWh 2022 but, due to the more frequent use of biomass,
greenhouse gas emissions from district heating were lower @84 in 1990.

The number and distribution of Swedish power stations i2 202 presented in Table
3.1%°. Changes in number of plants and their installed effect have been minor in the
production of electricity, but due to growing wind power the number of plants in the
electricity sector have increased.

Table 3.1. Number and distribution of Swedish power stations 2022.

Gross Gross

Type of plants Number of plants Production Production
GWh TJ

Total power stations 153 115 173 142 623 311
Power generation not based on fuels 152 937 105183 378 659
Wind power 5164 33253 119711
Hydropower 886 69 967 251 881

Solar power 146 887 1963 7 067

Power generation based on fuels 178 67 959 244 652
Nuclear power 3 51944 186 998

Conv. thermal power 175 16 015 57 654

A summary of the latest key categ@gsessment, methods and EF used, and information
on completeness, i.e. if any sources are not estimated (NE), is presented in Table 3.2.

47 All numbers are according to data used in the greenhouse gas inventory this submission. The proportions
given are calculated for heat production, and may include plants in both 1.A1.A.ii and 1.A.1.A.iii

48 Statistics Sweden/Swedish Energy Agency EN11SM 2001 (Electricity supply, district heating and supply of
natural and gasworks gas 2022.).

49 Statistics Sweden/Swedish Energy Agency EN11SM 2001 (Electricity supply, district heating and supply of
natural and gasworks gas 2022.).
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Table 3.2. Summary of source category description, CRT 1A1la, according to approach 1.

CRT Gas Key Category Assessment, Method EF All
excluding LULUCF sources
Level* Trend** Qualitative estimated
1Ala CO, X (Gaseous X (Gaseous T2 CS Yes
fuels, Liquid fuels, Liquid
fuels, Other fuels, Other
fuels, Peat, Solid  fuels, Peat,
fuels) Solid fuels)
CH, - - T2 CS Yes
N.O X (Biomass) X (Biomass, T2 CS Yes

Other fuels)

CS Country Specific. T2 Tier 2.
* Shows key category (level) per fuel type
** Shows key category (trend) per fuel type

3.2.6.2 METHODOLOGICAL ISSUES

Plantspecific activity data and countrgnd sectoespecific emission factors are used,

which is considered to be Tier 2 methodology. The activity data source for emissions in
CRT1.A.l.ais the Quarterly fuel statistics (KvBr), further described in Annex 2.

Emission factors, also further described in Annex 2, are generally cesjpacjfic, but in

a few caseglantspecific emission factors are used. For energy gases purchased from the
iron and steel works and combusted by public electricity and hedugiion plantsCO;
emission estimates provided by the iron and steel works are used, which results in
aggregate yeagpecific implied emission factors for blast furnace gas, coke oven gas and
steel converter gas that are used to calc@&eemissions from the plants using these

fuels INCRT 1A1la.

The most important fuels in recent years are wood fuels followed by solid waste.
Greenhouse gas emission factors for wood are natiohakubmission 2015, solid waste
was for the first time split into a biogenic and a fossil fraction, and the emission factors
for CO, were revised. This is further described in Annex 2.

Since the Quarterly fuel statistics (KvBr) do not contain information on the fossil versus
biogenic fractions of the waste, these fractions have been investigated separately.
Emission factors for fossil and biogenic ©fere calculated using data collected by the
Swedish Waste Management Association specifically for this purpose. Since 2015, eight
facilities measured biogenic G@&missions in the flue gas using € method,

creating a better basis for national emission factors than estimates of waste content. The
new facility-specific emission factors are used to calculate emissions from each of the
eight waste incinerators that measure biogenigi@@®ue gases, and weighted averages

in respect to energy consumption are used for the rest of Sweden. The emission factor
was updated for the years after 2015 (based on nine and ten facilities measuring the
biogenic fraction, respectively).

The net calorific value (NCV) for waste varies due to the heterogenous nature of waste.
In conjunction with the update of the emission factors, the national NCV was updated
according to a survey made by the Swedish Waste Management Association thadl include
specific data from 21 waste incineration facilities, coverin@@ of the total

incinerated waste. The resulting NCV was assumed to represent all incinerated waste in

50 Bostrom et al, 2004.

51 The “*C method measures the C isotope in the flue gases. **C only exist in biogenic material as the isotope
over time decays to mainly *2C, wich is the isotope found in fossil material.
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Sweden. However, the NCV values used were the ones reported from the facilities to the
Quarterly fuel statistics (KvBr)

In emission year 2@2 the fractions of biogenic and fossil waste for the eight largest
plantswere55% and45% respectively. These fractions vary in time and are applied since
year 2015. The proportions 64% biogenic and 36% fossil are applied for the emission
years from 1990 to 2014 for all plants. For the other plants, not included in th& HHES
average emission factor from the eight largest plants are used evithyear delay.

Emissions from energy plants integrated with the iron and steel industry are allocated to
CRT1.A.2.a. This is discussed in chapter 3.2.9 and in detail in chapter 4.4.1.

Since submission 2015, emissions from combustion in manufacturing of nuclear fuels are
included inCRT 1.A.1.a due to confidentiality reasons. These emissions are however
extremely small and thus this reallocation fr@RT 1.A.1.c does not affect any trends or
conclusions oICRT level.

Due to confidentiality reasons
9 Liquid and gaseous fuels activity data and emissions are reported &RJ-in
tables in theCRT codes 1.A.1.a.ii, 1.A.1l.a.iii and 1.A.1.a for 2022.

3.2.6.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The Quarterly fuel statistics (KvBr) is a total survey for ISIC (International Standard
Industrial Classification of All Economic Activities) 40 and the response rate is almost
100%. This provides the inventory with data of very good quality.

The variations in IEFs (implied emission factors) between years are normally small. The
IEFs for solid fuels, however, are considerably more variable than for other fuel types due
to the variable supply of energy gases from the iron and steel industsiash$urnace

gas has a much high€0, EF than other solid fuels, the share of blast furnace gas has a
very large influence on the aggreg@@, IEF for solid fuels. As the production in the

iron and steel industry was much lower in 2009 than in othentgears, the share of

blast furnace gas iIBRT 1.A.1.a dropped, which explains the drogli@, IEF for solid

fuels in 1.A.1.a in 2009. The IEF for® varies between the years. This is mainly

because the use of coal, with a relatively high EF compared to e.g. steelwork gases, has
decreased during the time series.

The IEFs for the group othérels also vary between years because the emission factors
for the fossil fraction of municipal solid waste are different from the emission factors for
other fuels in this group. In recent years, municipal waste accounts-8%4bf the

consumption of fAot he25%ifinmoktsases spécdfiedas e mai ni ng 1
Airecycled fuel o6, but before 2007 there is no
Airecycled fuel o6 is unknown, there are no spec
general emissiorafc t or s f osp diooitfhieed nfon€O.endissianr e used. Th

factor for this fuel is considerably lower than the emission factor for municipal waste.
The emission factors are further discussed in Annex 2. There is no reliable information

52 Stripple et al, 2014.
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about the composition of municipal waste in t
Stripple et al (2014 is used for all years as described above.

Emissions of NQ and SQin relation to fuel consumption fluctuate slightly between

years due to variations in the fuel mix. In the latest years, especially tra#€3ions in
relation to fuel consumption have decreased due to a shift from residual fuel oils towards
natural gas.

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

sector, but a€0;, emissions from biomass are not included in the sectoral total of GHG
emissionsCOf r om combustion of peat, bl ast furnace
the largest contributions to the aggregate uncertainty of GHG emissiGRsTifi.A.1.a.

The activity data uncertainties are relatively o r all fuel groups except for other
fossil fuels that are%. TheCO; emission factor uncertainties aré% for Liquid fuels,

10% for Solid fuels and 30% for Other fossil fuels and Peat aftlf80 Biomass. The
uncertainty values are assigned by staff at Statistics Sweden and are based on expert
judgements made on fuel type that were aggregated to fuel group.

3.2.64 SOURCESPECIFIC QA/QC AND VERIFICATION

All quality procedures according to the Swedish QA/QC plan (including the Manual for

SMEDG6s Quality System in the Air Emission | nv
the work with this submission.

All Tier 1 general inventory level QC procedusesd all QC procedures listed iro&d
PracticeGuidancesection 8.1.7.4 applicable to this sector are uské.attivity data has
been subject to QA/QC procedures prior to the publishing of Quarterly fuel statistics
(KvBr). In addition, the consumption of every type of fuel in the last year is checked and
compared with previous years. If large variations areodised for certain fuels, the
consumption of these fuels is studied on facility level and if necessary, the staff
responsible for the quarterly fuel survey is contacted for an explanation. IEFs are
calculated per fuel, substance @R T-code and checked aigst the emission factors to
make sure that no calculation errors have occurred when emissions were computed.

The time series for all revised data have been studied carefully in search for outliers and
to make sure that levels are reasonable. Remarks in recent review reports from the
UNFCCC have been carefully read and taken into account whenever time limits allow
The results are verified by calculati@g, emissions with the reference approach, and
comparing results with the sectoral approach (see Annex 4).

A comparing studif from 2011 concluded that the Quarterly fuel statistics (KvBr) is of
very good quality, and also the only data source that is ready in time for use for the last
emission yeatr.

53 Stripple et al. 2014

54 Andersson,M., Eklund, V., Gerner, A., Gustafsson, T. Quality assurance of calculations for Reference
approach. SMED Report 2012.
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3.2.65 SOURCESPECIFIC RECALCULATIONS

In submission 2024, a fjwa revision of the method for distribution between biogenic

and fossil CQin waste incineration plans was conducted. The mdtragividing

biogenic and fossil C£fractions is based on a carbbd method. The reference value for

the carborl4 method was updated nationally in the Emission Trading SY&EnETS)

The updated reference value resulted in increased fossil emissions and decreased biogenic
COyemissions. The updated data was first available from 2021. This meatiethat
incineration plants using the carbtd method and measuring the amount of biogenic

CGzin their emisisons wilbe subject to thapdated distribution between Efoactions.

In addition,one incineration plad emission factowas corrected

The recalculations in 1.A.1.a occurried the yeardetween 2017 and 2021. The change
in the corrected emissidactor for the incineration plant resulted in both increased but
also decreased emissions. The maximum increase wag22384 kt CG-eq year 2018)
the maximum decrease was 0.26%/(5 kt CQ-eq year 2017). For year 2021 the
increase was 2% (116 kt G@q) which was the result of new data andubdate of
emissionfactor for the incineration plant.

3.2.6.6 SOURCESPECIFIC PLANNED IMPROVEMENTS

Categoryspecific improvements will be decided after the finalization of the submission
as part of the national QA/QC plan.

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

3.27.1  SOURCE CATEGORY DESCRIPTION

Refineries process crude oil into a variety of hydrocarbon products such as gasoline and
kerosene. During the refining process, dissolved gases are separated, some of which may
be leaked or vented during processing and consequently reporteddid&rB.2. There

are five refineries in Sweden. Three of these refineries produce fuel products such as
gasoline, diesel and heating oils. The other two refineries mainly produce bitumen
products and naphthenic special oils. One facility has a catalyticecydokr facilities

have hydrogen production plants (one of them taken inuse in 2@0), and four of the
facilities have sulphur recovery plants. The five refineries account for more t#@of99

the fuel consumption and emissions reporte@RT 1.A.1.b. In addition to the refineries,
there are a few small manufacturers of e.g. lubricants which are also classified as ISIC
23200. The emissions from these plants are also repor@dTii.A.1.b.

The fuel consumption in this sector consists mainly of refinery gas, which iprtyct
in the refining process. The use has increase
refined products. The fuel consumption has been quite stable in recent years.

In 2014, the emissions for gaseous fuels increased. This is due to that the combustion of
liquified natural gas has been implemented in one of the refineries.

The implied emission factor f&O; for refinery gas is slightly lower for 2008 and later
years when plargpecific emission factors are used. However, since the national emission
factor used for earlier years is based on information from the refineries, the decreasing
IEF is considered tceflect changes in production conditions which in turn alter the
composition of the refinery gas.
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A summary of the latest key category assessment, methods and EF used, and information
on completeness, i.e. if any sources are not estimated (NEgsisnted in Table 3.3.

Table 3.3. Source category description, CRT 1.A.1.b, according to approach 1.

CRT Gas Key Category Assessment, Method EF All sources
excluding LULUCF estimated
Level* Trend** Qualitative
1Alb CO, X (Gaseous X (Gaseous T2 CSs Yes
fuels, Liquid fuels, Liquid
fuels) fuels)
CHs - - T2 CS Yes
N2O T2 CS Yes

CS Country Specific. T2 Tier 2.
* Shows key category (level) per fuel type
** Shows key category (trend) per fuel type

3.2.7.2 METHODOLOGICAL ISSUES

Activity data for the five refineries was collected directly from each company for 1990

1999, since the Energy use in the manufacturing industry (ISEN) and Quarterly fuel

statistics (KvBr) did not account for all fuels produced within refineries durirsgthe

years. The corresponding energy content of all fuels was also collected and individual

thermal values were calculated for each operator and fuel. For22000 i.e. before the

EU Emission Trading System (EETS) was established, energy statistics veasias

the data quality was i mproved compared to the
for these years.

Data from the ELETS are used for four refinery plants for 2005 and Z0®or the fifth
plant, data from environmental reports were used due to lack of transparency in ETS data
in the early years. In 2008 and later years, the quality eEES data is considered to be
very high for all five of the refineries, and thus thithis primary data source for the
GHG inventory. However, most of the refineries report refinery gas and natural gas
aggregated to the EBTS, and for these facilities, data from the environmental reports
are used to allocate the proper amount of this ftughseous fuels. Environmental reports
are used for verification for all five refineries. For refinery gas, plant sp&xific

emission factors reported to the BTS* are used for 2008 and later, since they are
considered to be more accurate than the older national emission fact@OF @émission
factors for refinery gas are generally quite stable for each of the refineries, but the
differences between the refineries are large.

For the smaller plants in ISIC 23200 mentioned above, activity data from the Quarterly
fuel statistics (KvBr) are used together with national emission factors.

55 Backman & Gustafsson, 2006.

56 Technically, the emission factors are implied emission factors since amounts of fuel, NCV:s and emissions
are reported.
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Due to confidentiality reasons
1 Reported emissions from the refineries un@RT 1B are included in 1Alb for
emissions irk021and 2022
1 Liquid and gaseous fuels activity data and all emissions are reported as C in the
CRTcode 1.A.1.b.

3.2.7.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The use of many different sources for this sector could lead to consistency problems. Data
used in the inventory has been analysed and no (significant) signs of inconsistency have
been found. E.g. the slight dip in fuel consumption in 2007 is visibleé available data
sources and is thus real and not caused by the shifting of data sources.

CQO; from refinery gas is by far the largest source of uncertainty due to the fact that
refinery gas accounts for about9®®f the energy from fuel combustion in this sector.

The assigned uncertainties are based on information directly from the facilities. These are
updated regularly but not annually. The uncertainties for stationary combwstien

revisedin submission 2020 and set on fuel group aggregeation level. The uncertainty
values are assigned by staff at Statistics Sweden and are based on dgparejus

made on fuel type that were aggregated to fuel group. The uncertainty of the activity data
for Liquid fuels is around %, but the uncertainty of the NCV is unknown, so the total
uncertainty for the activity data wastimatedo 10%. The uncertainty of thactivity data

for Gaseous Fuels is lowea2

3.2.74  SOURCESPECIFIC QA/QC AND VERIFICATION

In general, the same QA/QC procedures are usetiRdrl.A.1.b as for 1.A.1.a

described above. For each of the five refineries;EH$ data for the latest year are

verified against the refineriesé | egal enviro
review remarks have been made that gaseous fuels areergpora s A NOO0 f or 2003 a
questioned if this is the correct notation key. Investigations of activity data files used in

earlier submissions show that in 2001 to 2003, sweet gasgebuct from the crygen

plant) was probably miscoded as natural gas in submission 2005. Data for 2003 has been

revised in later submissions, i.e. sweet gas has bemuesl as refinery gas.

Environmental reports show that natural gas has been u§RITid.A.1.b in 2004 and

|l ater, but not in 2003, and hence ANOO is con
2003. The environmental reports for 268002 are no longer available, and hence there

is not enough information to recode the natural gas repor2@01 and 2002, en

though it might be miscoded refinery gas.

Quality control and established procedure for annual €veswral control of reported
emissions on a facility level is being conducted annually to improve emission allocation
between the energy sect@RT 1.A) and IPPUCRT 2). In case of discrepancies, they

are easily identified and further investigated regarding potential gaps or -couinieng

using a developed quality control tool. For further detailed information see section 1.3.5
concerning QA/QC and Verification iregeral.

3.2.7.5 SOURCESPECIFIC RECALCULATIONS
No recalculation occurred in this sector in submission 2024.
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3.2.7.6 SOURCESPECIFIC PLANNED IMPROVEMENTS

Categoryspecific improvements will be decided after the finalization of the submission
as part of the national QA/QC plan.

3.28 Manufacture of solid fuels and other energy industries (CRT
1.A.1.c)

3.28.1 SOURCE CATEGORY DESCRIPTION

This category includes emissions from two plants belonging to one company, producing
coke to be used in blast furnaces for production of iron. The plants are integrated into the
iron and steel production industfyThe trend is related to the amounts of iron and steel
produced, and hence there was a dip in 2009. Since 2009, the production and the
emissions have increased gradually, and in 2012 the emissions were about the same level
as in the early 20006s.

Charcoal production in Sweden and the related emissions from the activity is derived
from small companies that are included in the emission estimates from small industries
(CRT1.A.2.9). Since the activity data for this sector is aggregated from the national
energy balances, it is thereby not possible for Sweden to separate the emissions that are
related to charcoal production from the aggregate. Hence, ther@issions from

charcoal production are reportedGRT 1.A.2.g. The notation key for GHmissiors in
1.A.1l.cis reported as IE. Fugitive emissions of,@Bm charcoal production are

reported inCRT 1.B.1.bas not estimated (NE)

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

information on completeness, i.e. if any sources are not estimated (NE), is presented in
Table 3.4.

Table 3.4. Summary of source category description, CRT 1Alc, according to approach 1.

CRT Gas Key Category Assessment, Method EF All sources
excluding LULUCF estimated
Level* Trend** Qualitative
1Alc CO, X (Solid fuels) X (Solid fuels) T2 CS Yes
CH; - - T2 CS Yes
N.O T2 CS Yes

CS Country Specific. T2 Tier 2.
* Shows key category (level) per fuel type
** Shows key category (trend) per fuel type

3.2.8.2 METHODOLOGICAL ISSUES

Activity data on coke production is taken from environmental repGf@s.emissions are
estimated based on carbon balances for the two integrated iron and steel production
facilities and information on allocation
environmental reports.

57 Fuel combustion in manufacturing of nuclear fuels was included in CRT 1Alc in previous submissions, but
for confidentiality reasons the very small emissions from these facilities have been included in CRT 1Alaiii
instead.
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Emissions of MO, CHi,, NMVOC and CO are estimated with Tier 2 methodology with
national emission factors. Estimates of emissions afsd®@ NG are available from
environmental reports on an aggregate level, and these emissions are distributed over the
differentCRT codes (1.A.1.c, 1.A.2.a, 1.B.1.cand 2.C.1, 8IS0 2.B.5 and 1.B.1.b)

according to the activity data distribution. The methodology is described in more detail in
the sectionCRT 2.C.1.2.)).

3.2.83 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The time series is considered to be very consistent as all data on emissions from the coke
producing plants has been collected directly from the facilities. The IEF for coke oven gas
and blast furnace gas starts to vary from 2003. The reason for thamigrsariability

of the IEF for coke oven gas and blast furnace gas are the relative amounts that vary in
time. Between 1990 and 2002, this variability is not seen since the shares of coke oven
gas and blast furnace gas were constant within the samelogea aggregated activity

data. There is no new measurement technique introduced in 2003. The reason for the
introduced variability of data from 2003 is due to the facility Btgitio measure

emissions at a finer level than before. The constant proportions of the gases are used for
19902002 but not for the years 2003 onwards, since the facility started to report the fuel
types at finer level than before (for 192002, only the t@l amounts of fuels are

available, without division into coke oven gas, LD gas, BF gas). Sweden has tried to
retrieve the detailed information on the amounts of the gases for20@20without

success$ it was therefore decided to extrapolate average salfithe shares calculated

for the period 2002007. The data for 1992002 is thus already disaggregated using

actual information from 2003 onwaré@sand the assumption on the constant values of
shares results in much lower variation in the IEF for 1202 than for the years from

2003 onwards, when the actual data and different shares for different years are used. In
submission 2021 Sweden tried again to retrieve the detailed AD at finer level with no
result. The information needed of distribution okimal gases and energy consumed is of
bad quality and would require large resources to retrieve. However, the total emissions
are known and believed to have good certainty, which leaves to the decision that
introducing estimated variability in the 1920 time series will increase the overall
uncertainties.

Solid fuel consumption decreased considerably in 2009 due to lower production of coke
caused by lower demand of primary iron and steel. In 2010, the demand increased and
thus the fuel consumption increased to about the same level as before 2009.

The uncertainty analysis tables are presented in Annex 7 and a general description of the
uncertainties is presented in section C®@, from blast furnace gas and coke oven gas

are the dominating sources of uncertainty. The uncertainty values are assigned by staff at
Statistics Sweden and are based on expert judgements made on fuel type that were
aggregated to fuel group.

3.2.84 SOURCESPECIFIC QA/QC AND VERIFICATION

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

3.2.85 SOURCESPECIFIC RECALCULATIONS
No recalculation occurred in this sector in submission 2024.
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3.2.8.6 SOURCESPECIFIC PLANNED IMPROVEMENTS

Categoryspecific improvements will be decided after the finalization of the submission
as part of the national QA/QC plan.

3.29 Iron and steel (CRT 1.A.2.a)

3.29.1 SOURCE CATEGORY DESCRIPTION

The iron and steel industry is, together with the pulp and paper industry and the chemical
industry, one of the most energy intensive industrial branches in Sweden. In 2009, fuel
consumption in the iron and steel industry fell sharply as a consequeremedsed
production (2.8 Mt of steel) due to the global recession. 112,202 production of raw

steel was 4L Mt®®, anddecreasewith 6% compared to 202 Emissions from iron and

steel companies with less than 10 employees are allocaftRiTid.A.2.g because the

model estimate of fuel consumption for these small companies is produced on an
aggregate level and not separated by ISIC code.

A summary of the latest key category assessment, methods and EF used, and information
on completeness, i.e. if any sources are not estimated (NE), is presented in Table 3.5.

Table 3.5. Summary of source category description, CRT 1.A2a, according to approach 1.

CRT Gas Key Category Assessment, Method EF All sources
excluding LULUCF estimated
Level* Trend** Qualitative
1.A2a CO; X (Gaseous X (Gaseous T2 CS Yes
fules, Liquid fules, solid
fuels, Solid fuels)
fuels)
CHs - - T2 CS Yes
N.O - - T2 CS Yes

CS Country Specific. PS Plant Specific. T2 Tier 2. T3 Tier 3.
* Shows key category (level) per fuel type
** Shows key category (trend) per fuel type

3.2.9.2 METHODOLOGICAL ISSUES IRON AND STEELCRT 1.A.2.A

During 2009, a new methodology was implemented for the two largest primary iron and
steel works. This is described in section 3.2.9.2.1.

Activity data for all other facilities is, if not otherwise stated, collected from Energy use
in the manufacturing industry (ISEN) for 198096 and 2002002, and from Quarterly
fuel statistics (KvBr) for 1994999 and 2003 onwards, further described mmex 2.

Emissions reported from primary steel works and other iron and steel works are reported
in bothCRT 1.A.2.A and inCRT 2.C.1 since some emission arises from fuel combustion
and some from reducing agents in the process. The text in this section is hence closely
connected to the text in the sectiORT 2.C.1.a (secondary steel) a8RT 2.C.1.b

(primary pig iron and steel).

58 The Swedish Steel Producers’ Association, 2023-01-27. Stalaret 2022 i en kort 6versikt. 2023.
https://www.jernkontoret.se/sv/publicerat/stal-och-stalindustri/stalaret/
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Due to confidentiality reasons, activity data and emissions ee@@sions, Ckland
N0 for liquid fuels and biomass are reported as C ifCiR&-tables in 2020.

3.2.9.2.1 Primary iron and steel works

In Sweden, there are two plants for integrated primary iron and steel production basing
their production on iron ore pellets. The integrated iron and steel production consists of
material flows between coke oven, blast furnace and steelworks, and iraohegiling

mill (see Table 3.6). Emissions from fuel combustion (oils, LPG (Liquefied Petroleum

Gas) and recovered energy gases, i.e. coke oven gas and blast furnace gas) used in the
rolling mills and for inrhouse power and heat production is allocatetthis subsector in
accordance with the IPCC Guidelines. From one of the facilities, large amounts of
recovered energy gases are sold to a public heat and power plant, and the emissions from
combustion of these gases are hence report€®inl.A.1.a.

Table 3.6. Allocation of fuel consumption and CO2 emissions in 2022 from iron ore based
iron and steel industry to different CRT codes.

CRT Plant station CO2 emissions Energy consumption (TJ)
(kt)

Power and Heat Production (sold amount of
energy gases)

1.Alc Coke Oven 372 4312

Combustion in Rolling Mills + Power and
Heat Production

1B.1l.c Flare in Coke Oven (COG) 12 202
Blast Furnace + Steelworks (including

1Ala 1591 6 275

1.A2a 617 3 047

2C.1b Flaring of BFG and LD-gas) 2126 9237
NA Products and losses NA 33360
Total 4 646 56 433

Detailed carbon mass balances, simplified energy balances and carbon and energy
flowcharts according to EBTS are compiled for the two integrated plants but are not
presented in the NIR due to confidentiality reasons.

The allocation of totaCO, emissions and energy consumption (TJ) on plant stations and
consequentlCRT subsector is based on measured fuel consumption and associated
carbon emissions.

3.2.9.2.2 Secondary iron and steel works

Except for the primary iron ore based iron and steel works, this sector includes emissions
from for instance electric arc furnaces plants, iron ore pellet plants and iron powder
plants. For these facilities, data on fuel consumption for energy purpdeas ihe

Quarterly fuel statistics (KvBr). National NCVs and emission factors are used.
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3.29.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

For the two largest facilities, the time series is considered to be very consistent since the
time series developed in 2009 was compiled in close cooperation with the facilities. For
CRT1.A.2.ain total, the time series is also considered to be consistent, despite the fact
that the quarterly fuel survey is used for most years and the annual industrial energy
survey for some years. The quarterly fuel survey data is weighted to covanthe s
population as the yearly industrial energy survey. A discussitheoreasons for

changing data sources can be found in Annex 2.

The CO, implied emission factors for solid fuels@RT 1.A.2.a are higher than for solid
fuels in other industries, since a large proportion of the fuel used is blast furnace gas
which has a high carbon content compared to other solid fuels. This also implies that the
IEF varies between years, and it is cdesably lower in 2009 than recent years because

of the drop in blast furnace gas consumption. See also section 3.2.8.3. The IEF for coke
oven gas and blast furnace gas starts to vary from 2003. The reason for the interannual
variability of the IEF for cok@ven gas and blast furnace gas are the amounts that vary in
time. Between 1990 and 2002 this variability is not seen since the shares of coke oven gas
and blast furnace gas were constant due to aggregated activity data. The share of the
gases was constanithin the same oven. Since 2003 the proportion of gases are enabled
due to disaggregated activity data. The reason for the indroduced variability of data from
2003 is due to that the facility started to measure emissions at a finer level than before.

The uncertainty analysis tables are presented in Annex 7 and a general description of the
uncertainties is presented in section 1.7. The uncertainty values are assigned by staff at
Statistics Sweden and are based on expert judgements made on fuel tyweeehat
aggregated to fuel group.

3.294 SOURCE SPECIFIC QA/QC AND VERIFICATION

In general, the same QA/QC procedures are usetiRdrl.A.2.a as for 1.A.1.a

described above. In addition to this, fuel consumption for the y2& verified against

the annual industrial energy survey on an aggregate level to check that the weight factors
for the year4l are reasonable. For the two kesgfacilities, all data is collected directly

from the company.

Quality control and established procedure for annual €veswral control of reported
emissions on a facility level is being conducted annually to improve emission allocation
between the energy sect@RT 1.A) and IPPUCRT 2). In case of discrepancies, they

are easily identified and further investigated regarding potential gaps or -douinieng

using a developed quality control tool. For further detailed information see section 1.3.5
concerning QA/QC and Verification iregeral.

3.2.95 SOURCE SPECIFIC RECALCULATIONS
No recalculation occurred in this sector in submission 2024.

3.2.9.6 SOURCE SPECIFIC PLANNED IMPROVEMENTS

Categoryspecific improvements will be decided after the finalization of the submission
as part of the national QA/QC plan.
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3.210 Non-Ferrous Metals (CRT 1.A.2.b)

3.2.10.1 SOURCE CATEGORY DESCRIPTION

This source category covers combustietated emissions from seven aluminium
producers (ISIC 27420), six copper producers (ISIC 27440) and five facilities producing
various other metals.

As for all subcategories ©RT 1.A.2, for companies with less than 10 employees the
Tier 1 method is used, since current data does not allow the Tier 2 methods to be used.
Emissions from companies with less than 10 employees are alloc&8ItbA.2.g.

Fuel consumption shows a decreasing trend for the period2(8®) but from 2003
onwards, the inteannual variations in fuel consumption for energy production are
relatively small. In recent years, the copper producers account-fi%4of the fuel
consumption in 1.A.2.b and the aluminium producers account fd6%2 The most
common fuel is LPG (461% in recent years), followed by heating oils and natural gas.

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

information on completeness, i.e. if any sources are not estimated (NE), is presented in
Table 3.7.

Table 3.7. Summary of source category description, CRT 1A2b, according to approach 1.

CRT Gas Key Category Assessment, excluding Method EF All sources
LULUCF estimated
Level* Trend**  Qualitative
1.A2b CO; X (Liquid fuels) - - T2 (O] Yes
CH, - - - T2 CS Yes
N,O - - - T2 Cs Yes

CS Country Specific. T2 Tier 2.
* Shows key category (level) per fuel type
** Shows key category (trend) per fuel type

3.2.10.2 METHODOLOGICAL ISSUES

Activity data is taken from Energy use in the manufacturing industry (ISEN) for 1990
1996 and 200002, and from Quarterly fuel statistics (KvBr) for 198999 and 2003

and later. For more details on these surveys see Annex 2. National emission factors ar
used. For more information, see Annex 2.

Due to confidentiality reasorastivity data, CH and NO emissions for gaseous fuels and
biomass are reported as C in @IRT tables for 1.A.2.b.
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3.2.10.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

As for CRT 1.A.2.a, time series consistency despite the changes in activity data source is
discussed in Annex 2.

The uncertainty analysis tables are presented in Annex 7 and a general description of the
uncertainties is presented in section 1.7. In 1990, the largest contribution to the aggregate
uncertainty arises fro@0;f r om fiot her solid fossil fuelso du
emission factor uncertainty for this quite unspecified fuel is as high &.100ater

years, this fuel is not used @RT 1.A.2.b, andCO, from LPG accounts for most of the

uncertainty. The uncertainty values are assigned by staff atiSsaBsveden and are

based on expert judgements made on fuel type that were aggregated to fuel group. The

uncertainty of AD and Cgs 5% for all fuel groups.

3.2.10.4 SOURCESPECIFIC QA/QC AND VERIFICATION

The same QA/QC procedures are usedCieiT 1.A.2.b as for 1.A.2.a described above. In
addition to this, a detailed quality study of the fierrous metal industry was performed

in 201G°.

Quality control and established procedure for annual €geswral control of reported
emissions on a facility level is being conducted annually to improve emission allocation
between the energy sect@RT 1.A) and IPPUCRT 2). In case of discrepancies, they

are easily identified and further investigated regarding potential gaps or -douinieng

using a developed quality control tool. For further detailed information see section 1.3.5
concerning QA/QC and Verification iregeral.

3.2.10.5 SOURCESPECIFIC RECALCULATIONS
No recalculation occurred in this sector in submission 2024.

3.2.10.6 SOURCESPECIFIC PLANNED IMPROVEMENTS

Categoryspecific improvements will be decided after the finalization of the submission
as part of the national QA/QC plan.

3.211 Chemicals (CRT 1.A.2.c)

3.2.11.1 SOURCE CATEGORY DESCRIPTION

The chemical industry produces a number of different products sutieascals,

plastics, solvents, petrochemical products etc. In total, around 50 plants are included, of
which ten use more than @of the energy according to the activity data used for

emission calculations for this sector. The fuel consumption trend is increasing since 1990,
especially for liquid fuels, mainly due to increased use within the basic plastic industry.
For 2022, liquid fuels account for about 58% of the energy, solid fuels for 1%, gaseous
fuels for 13%, other fossil fuels for 8% and biomas<ft§o.

As in other subcategories GRT 1A2, emissions from companies with less than 10
employees are allocated®@RT 1.A.2.9.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is presented in
Table 3.8.

59 skarman et.al, 2008.
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Table 3.8. Summary of source category description, CRT 1A2c, according to approach 1.

CRT Gas Key Category Assessment, Method EF All sources
excluding LULUCF estimated
Level* Trend** Qualitative
1.A2.c CO, X (Gaseous fuels, X(Solid T2 CS Yes
Liquid fuels) fuels)
CHs; - - T2 CS Yes
N,O - - T2 CS Yes

CS Country Specific. T2 Tier 2.
* Shows key category (level) per fuel type
** Shows key category (trend) per fuel type

3.2.11.2 METHODOLOGICAL ISSUES

Activity data is, with exceptions mentioned below, collected from Energy use in the
manufacturing industry (ISEN) for 199096 and 200@002, and from Quarterly fuel
statistics (KvBr) for 19971999 and 2003 and later. For more details on these surveys,
ard explanations of choice of data sources, see Annex 2.

Generally, plants classified as ISIC Division 24 according to ISIC Rein.8he energy
statistics are included in this sector, as recommended in 2006 IPCC Guidelines.

One calcium carbide manufacturing facility uses coke both as a fuel and as a reducing
agent in the production process. In submission 2013, it was revealed that the reporting of
this coke consumption is not properly allocated in the energy statistice\ardls/ears

the total amounts reported were obviously too low. For this reason, activity data from
environmental reports and in later years from the EU ETS is used for this coke
consumption since submission 2013.

According to environmental reports, the fAothe
process byproduct consisting mainly of methane. The fuel is produced at one facility and
used by several chemical industries in the same municipality. ERT has rdrtrearktnis

fuel is probably partly originating from natural gas, which is also indicated by the
environmental reports. It has, however, not been possible to determine how much of the
gas mixture that should be allocated to gaseous fuels, so preseatigsalinption of this

fuel is allocated to liquid fuels. Both natural gas and petroleum products are used as
feedstock, and hence the by products as well as the actual desired products are partly of
liquid origin and partly of gaseous origin. The major péthe raw material is, however,

of liquid origin. This assumption is supported by the comparison between the reference
and sectoral approach for gaseous fuels. In later years, apparent consumption of gaseous
fuels according to reference approach is in iawer than in the sectoral approach, which
indicates that there are no major underestimations of the consumption of gaseous fuels in
the sectoral approach.

For the years 2062013, plantspecificCO, emission factors for by product gases from

the petrochemical industries are used. The emission factors are based on total emissions
for each plant minus process emissions and emissions from combustion of fuels other
than by product gases, i.e. they aréaict implied emission factors based on reliable
information on total emissions from the environmental reports.

60 United Nations Statistics Division, 2010
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In submission 2023, the combustioncafbide furnace gasas reallocated t€RT 1A2c
from 2B5 (IPPU sector), according to the results from a develqpijgctregarding
improvements of the allocation of stationary and process based emissions eRTeken
and 21,

Due to confidentiality reasons

T Activity data for solid fuelsgaseousnd other fossiluels are reported as C in
CRT-tables in theCRT code 1.A.2.c for 202

1 Emissions of Chlifor the whole 1.A.2.c codesplid fuels, and other fossil fuels
are reported as C in ti@&RT-tabels for 202.

1 Emissions of C@for the whole 1.A.2.c codeplid fuels, gaseous fuels and other
fossil fuels are reported in tl@&RT-tables as C for 22

1 Emissions of NO for solid fuels, and other fossil fuels are reported as C in the
CRT-tables as C for thERT code 1.A.2.c for 202

3.2.11.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The time series is considered to be consistent despite the changes in activity data sources.
This is discussed in Annex 2.

As mentioned above, fuel consumption in 2008 was higher than in 1990. However, since
2008 there is no distinct trend. Except for 2009, when the production and hence also the
fuel consumption dipped, the annual fuel consumption 2B iNCRT 1.A.2.c is 25

27 PJ.

As noted by the ERT, the implied emission fac
the early years. This is explained by the fact that municipal waste has occasionally been
combusted within the chemical -spedifldi st uegl,s@and m
As these fuels have quite different emission factor€oy, the relative amounts of these

two fuels cause intannual variations in IEFs. The outlier value of 28.4 kg/GJ in 1992 is

explained by the fact that a small amount of municipal waatecombusted that year,

but no #moptelcarf ireadn fuel so. I't should be noted t
accounts for a relatively low share of the emissions compared to other fuel groups;

typically around %6 of the emissions of fossBO, within CRT 1.A.2.c.

The ERT, submission 2012, also noted variable IEHs for biomass fuels. This is

because the relative amounts of landfill gas, tall oil and other biomass fuels such as wood
vary over time, and the fuels have quite different emission factors forTdid exact

amounts of the different biomass fuels cannot be shown due to confidentiality reasons.

In 2011, a consistent time series of @@, emission factor for the bgroduct fuel was
developed in cooperation with the facility that produces the fuel and hence it is plant
specific. The emission factor used in submission 2011, namely 6®9K&J, was

verified by the company for the period 192000. In 1999 to 2001, the process that
produces the gas was gradually modified by technological improvements, resulting in an
altered composition of the fuel. The proportion of hydrogen increased, géneha

higher calorific value and lowe& O, emissions. The company also provided a time series
of CO, emissions covering the period 262210, which was used to calculate the year

61 Helbig, T., Yaramenka, K., Josefsson Ortiz, C., Guban, P. 2022. Omallokering for Borealis. SMED
memorandum.
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specific emission factors. These new emission factors were implemented in submission
2012. For nonCO, emissions, emission factors for natural gas are used as no specific
emission factors are available and both fuels consist mainly of methane.

The uncertainty analysis tables are presented in Annex 7 and a general description of the
uncertainties is presented in section 1.7. The uncertainty values are assigned by staff at
Statistics Sweden and are based on expert judgements made on fuel tygeehat
aggregated to fuel group. The uncertainty of AD-&2for all fuel groups except for

Other Fossil Fuels that is ¥ Uncertainty of C@emission factaris high, 1004, for

Other Fossil Fuels, 30 for Biomass and% for the other fuel groups.

3.2.11.4 SOURCESPECIFIC QA/QC AND VERIFICATION

In general, the same QA/QC procedures are usedRdrl.A.2.c as for 1.A.2.a and
1.A.2.b described above. For the largest plants in terms of emissions and fuel
consumption, both environmental reports and EU ETS data are used for verification of
the estimates based on energy statistics.

Quality control and established procedure for annual «seswral control of reported
emissions on a facility level is being conducted annually to improve emission allocation
between the energy sect@RT 1.A) and IPPUCRT 2). In case of discrepancies, they

are easily identified and further investigated regarding potential gaps or -aauinieng

using a developed quality control tool. For further detailed information see section 1.3.5
concerning QA/QC and Verification iregeral.

3.2.11.5 SOURCESPECIFIC RECALCULATIONS
No recalculation occurred in this sector in submission 2024

3.2.11.6 SOURCESPECIFIC PLANNED IMPROVEMENTS

Categoryspecific improvements will be decided after the finalization of the submission
as part of the national QA/QC plan.

3.212 Pulp, Paper and Print (CRT 1.A.2.d)

3.2.12.1 SOURCE CATEGORY DESCRIPTION

In 2021, there were 50 paper mill and pulp industry plants and 120 sawmills (production
capacity >1®00 n¥/year) in Sweden. In total, they produced 8.9 Mt of paper, 19 &im
sawn timber and 11.7 Mt of piifp Since 1990, production has had an increasing trend,
but not in the latest few years. There is no apparent trend in total fuel consumption since
1990, but the share of energy from biomass fuels has increased, from 82% of fuel
consumption in 1990 to 96% #0222 at the same time as liquid fuels has decreased from
15% of total fuel consumption in 1990 to 3% in 202s forCRT 1.A.2 in general,

emissions from companies with less than 10 employees are alloc&tBd thA2g.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is presented in
Table 3.9.

62 The Swedish Forest Industries Federation, 2022-11-29. 2022.
https://www.skogsindustrierna.se/skogsindustrin/skogsindustrin-i-korthet/fakta--nyckeltal/
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Table 3.9. Summary of source category description, CRT 1A2d, according to approach 1.

CRT Gas Key Category Assessment, Method EF All
excluding LULUCF sources
Level* Trend** Qualitative estimated
1.A2d CO, X(Liquid X (Liquid T2 CS Yes
fuels) fuels, Solid
Fuels)
CH; - - T2 CS Yes
N.O - - T2 CS Yes

CS Country Specific. T2 Tier 2.
* Shows key category (level) per fuel type
** Shows key category (trend) per fuel type

3.2.12.2 METHODOLOGICAL ISSUES

Emissions from processes in the Pulp, paper and print industry are reporte@Rmder

2.H.1 according to the IPCC Guidelines (see chapter Al®pough emissions from

combustion of black liquor are regarded to be precelssed, the amount of combusted

black liquor and related G@missions are reported @RT 1.A.2.d in order to account

for the biogenicC@e mi ssi ons i n tédmi sneimonstfemoimmCI®i omasso
Activity data for fuels reported iI@RT 1.A.2.d is collected from Energy use in the

manufactiring industry (ISEN) for 1990996 and 200@002, and from Quarterly fuel

statistics (KvBr) for 19971999 and 2003 and later. For more details on these surveys, see

Annex 2.

3.2.12.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

As for CRT 1.A.2 in general, time series consistency despite the changes in activity data

source is discussed in Annex 2. The fluctuating IEFs for liquid fuels reflect variations in

the fuel mix. In the 1990s, petroleum coke was used in some facilities, andatetite |

years, combustion of residual fuel oi l has de
fuel sd ar e s c arCREdatggorg and asrinrliAR2.g, theé large vaniatiens

in IEFs are caused by occasional use of municipal waste.

In recent years, the relative amount of biomass has increased and the relative amounts of
liquid fuelshas decrease@®ne effect of the increasing share of biomass is that emissions
of fossilCO, per TJ of total fuel consumption is decreasing.

Theuncertainty analysis tables are presented in Annex 7 and a general description of the
uncertainties is presented in section 1.0 ftom wood fuels an@0O, from residual fuel

oil are the greatest contributors to the aggregate uncertainty in this sector (except for
biogenic CQ from Biomass). The uncertainty values are assigned by staff at Statistics
Sweden and are based on expert judgements made on fuel type that were aggregated to
fuel group.The activity data uncertainty is lowest for Biomass and OtbssiFFuels

with 8-10%. The NO emission factor uncertainty for wood i24@nd theCO, emission

factor for Liquid Fuels is %.
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3.2.124 SOURCESPECIFIC QA/QC AND VERIFICATION

In general, the same QA/QC procedures are usedRadrl.A.2.d as for 1.A.1.a and
1.A.2.ai 1.A.2.c described above.

Quality control and established procedure for annual «seswral control of reported
emissions on a facility level is being conducted annually to improve emission allocation
between the energy sect@RT 1.A) and IPPUCRT 2). In case of discrepancies, they

are easily identified and further investigated regarding potential gaps or -eouinieng

using a developed quality control tool. For further detailed information see section 1.3.5
concerning QA/QC and Verification iregeral.

3.2.12.5 SOURCESPECIFIC RECALCULATIONS
No recalculation occurred in this sector in submission 2024.

3.2.12.6 SOURCESPECIFIC PLANNED IMPROVEMENTS

Categoryspecific improvements will be decided after the finalization of the submission
as part of the national QA/QC plan.

3.213 Food Processing, Beverages and Tobacco (CRT 1.A.2.e)

3.2.13.1 SOURCE CATEGORY DESCRIPTION

The food and drink industry is the fourth largest branch of industry measured as
production value and number of employees. There are about86{ianies, of which

only around 650 have more than 10 emploYfedhe largest number of companies and
employees are found in the bakery industry, but the most energy intensive branch is the
sugar industry which accounts for abou¥®26f the fuel consumption in 1.A.2.e. Dairies,
breweries, producers of refined vegetable fats and potato products are other industries
with significant fuel consumption (arounell2¥ each of the fuel consumption in

1.A.2.e). The fuel consumption varies between years. A slight decrease can be observed
since 1990. In later years, gaseous fuels account fd8%4tand liquid fuels account for
about 2735% of the total fuel consumption. As f@RT 1.A.2 in general, emissions from
companies with less than 10 emytes are allocated €RT 1.A.2.g.

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

63 The Swedish Food Federation 2013-10-02
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Table 3.10. Summary of source category description, CRT 1A2e, according to approach 1.

CRT Gas Key Category Assessment, excluding Method EF All sources
LULUCF estimated
Level* Trend** Qualitative
1.A2e CO; X (Gaseous X (Liquid T2 CSs Yes
fuels, Liquid fuels)
fuels)
CH4 - - T2 CS Yes
N.O - - T2 CS Yes

CS Country Specific. T2 Tier 2.
* Shows key category (level) per fuel type
** Shows key category (trend) per fuel type

3.2.13.2 METHODOLOGICAL ISSUES

Activity data is collected from Energy use in the manufacturing industry (ISEN) for
199031996 and 2002002, and from Quarterly fuel statistics (KvBr) for 198999 and

2003 and later. National emission factors are used. For more details on these suveys a
emission factors see Annex 2.

3.2.13.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

As for CRT 1.A.2 in general, time series consistency despite the changes in activity data
source is discussed in Annex 2. The IEFs vary slightly between years due to variations in
the fuel mix. The uncertainty analysis tables are presented in Annex 7 and a general
description of the uncertainties is presented in section 1.7. The uncertainty values are
assigned by staff at Statistics Sweden and are based on expert judgements made on fuel
type that were aggregated to fuel group. Acticity data uncertaingp feiball fuel groups
except for Other Fossil Fuelshigh is 1&6. CO; emission factor uncertainty varies

between the fuel groups with highest for Other Fossil Fules, 100%, 30% for Biomass and
5% for the other fuel groups.

3.2.13.4 SOURCESPECIFIC QA/QC AND VERIFICATION

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

Quality control and established procedure for annual «<seswral control of reported
emissions on a facility level is being conducted annually to improve emission allocation
between the energy sect@RT 1.A) and IPPUCRT 2). In case of discrepancies, they

are easily identified and further investigated regarding potential gaps or -douinieng

using a developed quality control tool. For further detailed information see section 1.3.5
concerning QA/QC and Verification iregeral.

3.2.13.5 SOURCESPECIFIC RECALCULATIONS
No recalculation occurred in this sectoisubmission 2024.

3.2.13.6  SOURCESPECIFIC PLANNED IMPROVEMENTS

Categoryspecific improvements will be decided after the finalization of the submission
as part of the national QA/QC plan.
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3.214 Non-metallic minerals (CRT 1.A.2.f)

3.2.14.1 SOURCE CATEGORY DESCRIPTION

This source category includes stationary combustion of fuels irmmetallic mineral

industries (ISIC 26). Cement production accounts for the major part of the emissions. The
summary of the latest key category assessment, methods snddel-and information

on completeness, i.e. if any sources are not estimated (NE), is presented in Table 3.11.

Table 3.11. Summary of source category description, CRT 1A2f, according to approach 1.

CRT Gas Key Category Assessment, excluding Method EF All
LULUCF sources
Level* Trend** Qualitative estimated

1.A2f CO, X (Gaseous X (Gaseous T2 CS Yes

fuels, Liquid fuels, Liquid
fuels, Other fuels, Other
fuels, Solid fuels, Solid
fuels) fuels)
CH4 - - T2 CS Yes
N.O - - T2 CS Yes
CS Country Specific. T2 Tier 2

* Shows key category (level) per fuel type
** Shows key category (trend) per fuel type

3.2.14.2 METHODOLOGICAL ISSUES

Tier 2 methodlogy is used for emissions from stationary combustiorCigi 1.A.2.1,
because countrgpecific emission factors for the source category and fuel for each gas
areused.

Activity data is collected from Energy use in the manufacturing industry (ISEN) for
19901996 and 200@002, and from Quarterly fuel statistics (KvBr) for 198999 and

2003 and later. For 2008 and later, activity data for the three plants within thetcemen
production industry is taken from the EU ETS system, as this data source provides more
detailed information on fuel types. The total amount of fuels combusted is consistent with
the Quarterly fuel statistics (KvBr).

National emission factors are used, exept fop,@Dere emission factors at facility level
from EU ETS are used for the largest cement production plants. These emission factors
were revised and updatedsnbmission 202t. The revised emission factors for Céde
made only for the years 20018, since the emission factors before 2010 are not
divided in fraction of biomass and fossil fuels. For more details on these surveys and
emission factors see Annex 2.

64 josefsson Ortiz, C. & Guban, P. 2020. Revidera AD och EF fér Cementa for CO.-utslapp. SMED PM.
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Due to confidentiality reasons;

1 Activity data for solid fuels and other fossil fuels are reported asCRifitables
in theCRT code 1.A.2.f for 202.

1 Emissions of CHifor the whole 1.A.2.f coddhgiomass and other fossil fuels are
reported as C in theRT-tabels for 202.

1 Emissions of C@for the whole 1.A.2.f codesolid fuels, and other fossil fuels
are reported in thERT-tables as C for 2@2

1 Emissions of NO for solid fuels, biomass and other fossil fuels are reported as C
in theCRT-tables as C for thERT code 1.A.2.f for 202.

3.2.14.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

As for CRT 1.A.2 in general, time series are considered consistent despite the changes in
activity data source as discussed in Annex 2. The IEFs vary slightly between years due to
variations in the fuel mix. The uncertainty analysis tables are presented in Anmga7 a
general description of the uncertainties is presented in section 1.7. The uncertainty values
are assigned by staff at Statistics Sweden and are based on expert judgements made on
fuel type that were aggregated to fuel group.

3.2.14.4 SOURCESPECIFIC QA/QC AND VERIFICATION

Generally, the same QA/QC procedures are applied for 1.A.2.f as for other 1.A.2
categories described above. In some earlier submissions, extensive QA/QC and
verification efforts have been made for the other sectors including the construction
industry. Thids described in sectidBi2.21.4.1below.

Quality control and established procedure for annual «<seswral control of reported
emissions on a facility level is being conducted annually to improve emission allocation
between the energy sect@RT 1.A) and IPPUCRT 2). In case of discrepancies, they

are easily identified and further investigated regarding potential gaps or -aauinieng

using a developed quality control tool. For further detailed information see section 1.3.5
concerning QA/QC and Verification iregeral.

3.2.14.5 SOURCESPECIFIC RECALCULATIONS
No recalculation occurred in this sector in submission 2024.

3.2.14.6 SOURCESPECIFIC PLANNED IMPROVEMENTS

Categoryspecific improvements will be decided after the finalization of the submission
as part of the national QA/QC plan.

3.215  Other Industries (CRT 1.A.2.9)

3.2.15.1 SOURCE CATEGORY DESCRIPTION

This source category is by nature quite heterogeneous. Both stationary and mobile
emission sources are included. For 1.A.2.g, Sweden has chosen not to use-tlesvdrop
list in theCRT Reporter due to confidentiality reasons.

The stationary sourcascluded are combustion within ISIC B, except from the

branches separately reported in 1.AR2A.2.f, stationary combustion within all

companies with less than 10 employees regardless of branch, and stationary combustion
within the construction sector. Tlkguarterly fuel statistics (KvBii} a cutoff survey
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including enterprises with ten or more employees. The estimation of emissions from
enterprises with less than ten employees is based on activity data from the annual energy
balances, i.e. a model estimate of aggregate fuel consumption in all small seserpri

within the entire manufacturing industry. These emissions are reported in 1A2gviii.

The mobile emission source included in this sector is combustion byaaffvehicles

and other machinery (working machinery) used in the construction and manufacturing
industry. For 202240% of total GHG emissions from working machinery are reported in
CRT1.A.2.g.vii.In 2022,GHG emissions from working machines in this subsector have
decreased by 10% compared to 2021 but increased by 14% since 1990.

In terms of stationary fuel combustion and emissions, two branches of industry are
dominating; manufacturing of wood products (ISIC 20), and mining industry (ISIC 13).
In ISIC 20, however, biomass fuels are dominating and hence the emissions @@bssil
from this branch of industry are low. The construction industry also accounts for a
significant share of fuel consumption and emissions. The fuel consumption varies
between years, but for stationary combustion within 1.A.2.g in total, it has decreased
slightly since 1990. Liquid and biomass fuels account for most of the decrease.

The summary of the latest key category assessment, methods and EF used, and
information on completeness, i.e. if any sources are not estimated (NE), is presented in
Table 3.2.

Table 3.12. Summary of source category description, CRT 1A2g, according to approach 1.

CRT Gas Key Category Assessment, excluding Method EF All
LULUCF sources
Level* Trend** Qualitative estimated
1.A.2.g Off- CO, X (Liquid X (Liquid T2 CS Yes
road vehicles fuels) fuels)
and ﬁ_thef CH, - - M CS Yes
machiner
' no o - . M CS  Yes
1.A2g9 CO,; X (Liquid X (Liquid T1/T2 CS Yes
Other fuels, Solid fuels, Solid
(1.A2.g i-vi fuels) fuels)
reported as CHs - - T1/T2 CS Yes
ACo or
N - - T1/T2 Y
1A2.g 20 / Cs es
Other)

CS Country Specific. T1 Tier 2. T2 Tier 2. T3 Tier 3. M Model.
* Shows key category (level) per fuel type
** Shows key category (trend) per fuel type

3.2.15.2 METHODOLOGICAL ISSUES

All consumption of motor gasoline and diesel oil in manufacturing industries and
construction is allocated to mobile combustion, and all other fuels (heating oils, natural
gas etc.) to stationary combustion.

3.2.15.2.1 Stationarycombustion

For emissions from stationary combustion, the Tier 2 method is used with the following
exception: For the construction industry and for companies with less than 10 employees
the Tier 1 method is used, since current data does not allow the Tier 2 metieaastd.
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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, fabricated metal products and manufacturingrehdiffe
types of machinery, are calculated with activity data from the Energy use in the
manufacturing industry (ISEN) for 199096 and 200@002, and from the Quarterly

fuel statistics (KvBr) for 1992999 and 2003 and later. For more details on these
surveys, see Annex 2.

Emissions from all companies in ISIC-B@ with less than 10 employees are estimated

and reported und€ZRT 1.A.2.g. Activity data is provided by the Swedish Energy

Agency?®. Emissions are minor and with current data not possible to separate on different
industry sectors.

Emissions from stationary combustion in the construction industry are calculated with
activity data from the Swedish Energy Ageffcyrhe methodology used for this sub
category is the same as for stationary combustion in the Other sector, see section
3.221.4.1

The fuel statistics for the last emission year, based on preliminary Energy Balance is not
readily available in time for the emission calculations. As of submission 2022, the

activity data is estimateasingt he pr e v i o perfueytgpa and year at totalu e
energy consumption levér ISIC 1637 with less than 10 employees, construction

industry and the Other sect@RT 1.AA.4)%”. The estimated energy consumption is then
distributed within the sectors according to the same fuel consumption distribution as the
previous year. For more detailed information about the extrapolation models and the
effects on GHG emissions of deviancesi the models see Annex 2. The activity data

for the last inventory year will be revised next coming submission, as the Energy Balance
will then be published and definitive.

Due to confidentiality reasons;

T Activity data for solid fuels, gaseous and other fossil fuels are reported as C in
CRT-tables in theCRT code 1.A.2.g for 2022.

1 Emissions of Chifor solid fuels, biomass and other fossil fuels are reported as C
in theCRT code 1.A.2.g for 2022.

1 Emissions of CQfor solid fuels, gaseous fuels are reported as C i€RiEcode
1.A.2.g for 2022

1 Emissions of MO for solid fuels, biomass fuels are reported as C iCR&
tables as C for thERT code 1.A.2.g for 2022.

65 Swedish Energy Agency: Annual Energy balances. See also Annex 2.
66 Swedish Energy Agency: Annual Energy balances. See also Annex 2.

67 Helbig, T. & Josefsson Ortiz, C. 2021. Uppdateringar av utslappsberakningar for smaskalig biomassaeldning
inom dvrigsektorn (CRT/NFR 1A4) 2017-2021. SMED Rapport Nr 19 2021.
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3.2.15.2.2 Mobile combustiofWWorking machinery

Emissiondrom mobile combustion i€RT 1.A.2.g refer to working machinery used in
industry, including for example tractors, dumpers, cranes, excavatmiss,generators

and wheel loaders. A national model is used to estimate emissions from all working
machinery used in Sweden and is considered to correspond to Tier 3 for all emissions,
except forCO, and SQ which are estimated according to Tier 2. The model is further
described in Annex 2.

The consumption of gasoline and diesel, estimated by the model-madffvehicles, is
adjusted with regard to loblended biofuel. The fuel consumption is also modified with
a residual of gasoline and diesel. This residual ssisehe volume of gasoline and diesel
allocated to different sectors through a-tlgavn approach is compared to the total
volume of the gasoline and diesel consumed according to a bog@stimate. See
Annex 2 for more information regarding the allocataf fuels for mobile caonbustiorf®.

Emissions from working machinery are also reported u@Rer 1.A.3.eii, 1.A.4.aii,
1.A.4.bii and 1.A.4.cii, in line with IPCC GuidelinesgeTable 3.B.

Table 3.13. Distribution of emissions from off-road vehicles and other machinery.

Category CRT Definition IPCC Guidelines

Industry 1.A.2.gvii  Mobile machineries in industry that run on petroleum fuels, as for
example tractors, dumpers, cranes, excavators, generators, wheel
loaders, sorting works, pump units etc.

Other 1.A3.eii Combustion emissions from all remaining transport activities including
ground activities in airports and harbours, and off-road activities not
otherwise reported under 1.A.4.c or 1.A.2.g Vii.

Commercial/  1.A.4.a.i Garden machinery, e.g. lawn mowers and clearing saws, not used by

Institutional private users, Also tractors not used in industry ore forestry or
agriculture.

Residential 1.A4b All emissions from mobile fuel combustion in households, as for

example tractors, lawn movers, snow mobiles, forklifts, trimmers,
chainsaws and forklifts
Agriculture, 1.A4.c Emissions from mobile fuel combustion in agriculture and forestry, as

Forestry for example loader-excavator, tractor, harvester, clearing saw etc.
Highway agricultural transportation is excluded.

3.2.15.3 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

The uncertainty analysis tables are presented in Annex 7 and a general description of the
uncertainties is presented in section 1.7. The uncertainty values are assigned by staff at
StatisticsSwederand are based on expert judgements made on fuel type that were
aggregated to fuel group.

As for stationary combustion iI@BRT 1.A.2 in general, time series consistency despite the
changes in activity data source is discussed in Annex 2. As for other categQ@#eE in
1.A.2, the IEFs vary slightly between years due to variatiotizeifuel mix. In earlier
submissions, the EC (European Commission) has asked for clarification of the drop in

68 Annex 2: 1.6 Methodology for off-road vehicles and working machinery

69See Annex 2, section Al1.4 Allocation of fuels for mobile
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wood consumption in 2000 compared to earlier years. This issue has not been prioritized,
but since the annual wood consumption 2Q009 is considerably lower than in the
1990s, there is no reason to believe that the activity data for 2000 is incorrect.

The emissions o£0, from diesel (used by offoad vehicles and working machinery) and
heating oils (used for stationary combustion) represent the largest sources of uncertainty
in regard to GHG emissions withERT 1.A.2.g. The activity data uncertainty for all

heating oils within this sector is as high a&@@n an aggregate level, due to the fact that
emissions from the construction sector and small industries are estimated with the Tier 1
method. The activity data uncertainty for diesel combusted iroaff vehicles and

working machinery is % and for gasoline% based on fuel sold.

The amount of lowblended biofuel used by working machinery and road traffic is

allocated proportionally to the amount of fossil gasoline and diesel consumed in each
subsector. The model estimated consumption of fossil gasoline and diesel by working
machirery is decreased by the amount of ethanol respectively FAME/HVO allocated to

the subsector in question. In 2004, the consumption of gasoline by working machinery
decreased noticeably as a result of an increase in the amount of ethanol allocated to
working machinery, due to a large increase in the national deliveries dflwled

ethanol. The same phenomenon took place between 2017 and 2018 as a result of a sudden
increase of the ethanol sold on the Swedish market.

3.2.15.4 SOURCESPECIFIC QA/QC AND VERIFICATION

Generally, the same QA/QC procedures are appliedAoR.fy as for other 1.A.2
categories described above. In some earlier submissions, extensive QA/QC and
verification efforts have been made for iher sector including the construction
industry. This is described in sectiBr2.21.4.1below.

3.2.15.5 SOURCESPECIFIC RECALCULATIONS

3.2.15.5.1 Stationary combustion

In submission 2024here is a revision of activity data for year 2021 for ISIC3Z0vith

less than 10 employees and the construction industry as the data was updated to the final
energy balance statistics. There was also an adjustment for 2020 and 2019 as the activity
datawere revised for biomasBor 2017 we acquired informatiothata previoulsy

unknown fuel typdurned out to béiooil. These amounts wepgeviously allocated to

other fossil fueldut have now been+alocatedto biomass.

The total effect of theecalculations in 1.A.2.g for the two most recent recalculated years
was an increase of 0.01% (0.RBCO,-eq) for 2020 and an increask0.98% (10.16 kt
COs-eq) for 2021.

3.2.15.5.2 Mobile combustion

The Actractorcar, a modified regular car registeredaaactor with certain operatiah
constraints (modified power train and maximum spee&Dddim/h), was until submission
2024 part of the tractor segment within the nationatmaa mobile machine modeh
submission 2024hese machindsave beemovedto 1.A.3.b.Moreover, aliterrain

vehicles (ATV) registered as tractors were moved from the machine segment Tractors to
the machine segment ATV which resulted in fewer diesel tractors in operation and a
larger number fogasolinefueledall-terrain vehicles in operatioftatistics Sweden also
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reviewed the tractor fleet throughout the time series which led to changes in the number
of tractorsincludedin the modelThe changes resulted in recalculations of emissions
throughout the time series.

The CQ-emissions decreaseeb® during 199062022due to the recalculations.

3.2.15.6 SOURCESPECIFIC PLANNED IMPROVEMENTS

Categoryspecific improvements will be decided after the finalization of the submission
as part of the national QA/QC plan.

3.216  Civil Aviation (CRT 1.A.3.a)

3.2.16.1 SOURCE CATEGORY DESCRIPTION

Activity daa is presently provided for a total of 39 airports with regular and/or charted air
traffic in Sweden. The national government administers 10 of these airports, while the
remaining 29 are private and/or administered by local governifferite traffic routed
through governmental airports accounts for about 90% of the total fuel consumption
within the civil aviation sector. The emiss&of greenhouse gases (GHG) from national
aviation in 2022vere305 kt CQ-eq., which is an increase by 59 % since last year and a
decrease by 55 % compared to 1990.

The corona pandemic had a severe impact on domestic civil aviation during 2020 and the
GHG emissions continued to decline in 2021. In 2022, there has been a substantial
increase in emissions from civil aviation, although from low levels. The emissions from
domestic aviation have gradually decreased since 1990 while the emissions from
international aviation have increased.

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

information on completeness, i.e. if any sources are not estimated (NE), is presented in
Table3.15.

Table 3.15. Summary of source category description, CRT 1A3a, according to approach 1.

CRT Gas Key Category Assessment, Method EF All sources
excluding LULUCF estimated
Level* Trend** Qualitative
1.A3a CO; X (Jet X (Jet T1 D Yes
kerosene) kerosene)
CH4 - - T1 D Yes
N.O - - Tl D Yes

T1 Tier 1. Default.
* Shows key category (level) per fuel type
** Shows key category (trend) per fuel type

70 Trafikanalys. 2022. Luftfart 2021. https://www.trafa.se/luftfart/
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