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Eqikkaaneq kalaallisut

Nalunaarusiag manna tassaavoq avatangiisinut sunniutaasinnnaasunut sukumiisumik
misissuineq, Kalaallit Nunaata Kkitaani aluminiumik aatsitsivimmik 360.000 tons-inik
niogqutissorsinnaasup  sanaartorniarneqgarluni  pilersaarutaasumut  atuunnermini
sunniutigisinnaasai. Misissuineq Alcoa Kalaallit Nunaannilu Naalakkersuisunit
aallartinnegarsimavog. Aatsitsivik maannakkut pilersaarusiornegarpoq
siusinnerpaamillu 2014-imi atuutilersinnaassalluni.

Misissuineq Misissueriaaseq Life Cycle Assessment (LCA) atorlugu ingerlanneqarpoq,
pingaarnerutillugulu  GHG-nik aniatitsinissag, imaluunniit naliginnaanerusumik
ogaatigalugu carbon-imik kingunegarnissaa gitiutinnegarluni. GHG-nik
aniatitsinissamik  qgitiutitsinermut ilaatigut ~ misissuinermik  misissuititsisut
piumasagaataat aallaaviuvog, ilaatigullu LCA-p tunngaviusumik avatangiisinut
nassatarisinnaasai pillugit nalilersuinerit (SMV) ilaatinnegareernera, taakkunanilu
sunniutaasinnaasut allat tamarmik immikkut nalilersornegarmata. Kingunerisinnaasai
allat, soorlu ozon-imik nungusaaneq, seernarsisitsineq,  naggorissisitsineq,
uummavimmut toqunartogassuseq kiisalu inunnut toqunartogassuseq misissuinermi
pinegartumi ilanngunnegarput inaarutasumillu saggqummiussamik ilaatinneqarlutik,
taamaattorli GHG-nik  aniatitsinissaqg ~ pillugu  misissuinermut  naleqgqiullugit
immikkoortiterneqartigisimanatik taamatullu nalorninarsinnaasutut
ogaatiginegarsinnaallutik.

LCA-p siunertaraa aatsitsiviup pilersaarutiginegartup atuunnera tamakkerlugu
avatangiisinut ~ kingunerisinnaasai pillugit paasissutissiinissaq, tamannalu
tunngaviusumik avatangiisinut nassatarisinnaasai pillugit nalilersuinermut (SMV)
ukiuni  2007-2009-mut  (Namminersornerullutik Ogartussat 2007) sanilliullugu
suliarinegarluni.

Kalaallit Nunaanni  Naalakkersuisut  misissuinissag LCA  piumasarisimavaa,
inaarutaasumillu  atuisussat tassaapput soqutiginnissinnaasut tamarmik ganoq
annertutigisumik annikitsigisumilluunniit SMV-p ingerlannegarneranut
attuumassuteqgarsimanerat apeqqutaatinnagu. Tassani pinegarput Kalaallit Nunaanni
Naalakkersuisut, Alcoa, aatsitsiviup pilersaarusiornegartup inissiivissami Maniitsumi
innuttaasut ~ kiisalu ~ NGO-t.  Misissuinermi  LCA-mi  paasisat aamma
isumagatigiinniartunut pingaarutegarput, tassanilu eqqarsaatiginegarlutik Danmark
amma Kalaallit Nunaat sila pillugu isumaqatigiissutip Kyoto Protocol-imik
taaguuteqartup taartissaanik isumagatigiinniarnermi.



Eqgikkaaneq pingasunngorlugu agguarnegarpog. Immikkoortumi siullermi LCA-p
imarisaa siunertaalu pillugit nassuiarnegarput, aappaanilu misissuinerup annertussusaa
aammalu iliuutsit sorliit atornegarnissaannik immikkoortinnegarnerillu
nassuiarneqarlutik. Pingajuani misissuinerup inerneri pingaarnerit nassuiarnegarput.
Tamarmik nunatsinni Kalaallit Nunaanni aatsitsivimmik pilersitsinikkut GHG-mik
aniatitassani  missingersuutinik ilagarput, ilanngullugulu allatigut aluminiumik
niogqutissionermut sanilliunneqarlutik. Qinigassap aappaa nunatsinni
aatsitsiviliortogassanngippat atuutilertussaasorinarpoq, pilersaarulli pilersaarusiorneq
naapertorlugu ingerlannegassappat ingalannegassalluni. Naggasiullugit immikkoortut
pingajuanni malussarissuseq pillugu misissueqqgissaarneq pinegarpoq, LCA-mi inernerit
nalorninarsinnaasut salliutillugit.

ISO 14044  standard  najoqqutaralugu  LCA-mik  misissuineq  allanit
nalilersornegartussaavoq, misissuinermi paasisat ogqaatigisat allat sanilliussassat
ilalersornissaasa avammut sagqummiunnegarnissaat siunertaappat. Taammaammat
nalunaarusiag manna 2009-mi april-ip 20-ianiit juli-p pingajuata tungaanut
avataaneersumit nalilersornegarsimavoq. Mark Goedkoop (Pré Consultants) Klaus
Georg Hansen-imit (Kalaallit Nunaanni Naalakkersuisut) avtaaniit
attuumassuteganngitsut  immikkut  paasisimasallit  naliliisussat  siulittaasuattut
toqgarnegarsimavoq. Mark Goedkoop nammineerluni inuit marluk sulegatissamisut
toqgarsimavai. Ukuupput: Eirik Nordheim (EAA, European Aluminium Association)
aamma Pascal Lesage (Sylvatica). Naliliineq allattup ogaaseriumasai ilanngullugut uani
takunegarsinnaavoq: Review panel report, including the authors’ comments.

Tunuliaqutaa

Aluminiu tassaavoq aatsitassaq saviminertaganngitsoq niogqutissatullu aatsinniarlugu
annertuumik innaallagissamik pisariagartitsisog. International Aluminium Institute (IAI)
naapertorlugu aluminiu ton-i ataaseq agguaqatigiissillugu CO,-mik 10 tonsinik
annertutigisumik aniatitsinermik nalegarpogq, tamatumanili piiaanerit
nioqqutissiornerillu ilaallutik (Annertunerusumik paasissutissat uani
takunegarsinnaapput: Afsnit 2-mi). Tamanna GHG-nik aniatitsineq agguaqatigiissillugu
Europa-mi inuup ataatsip akiumut aniatittagaanut naleggiunnegarsinnaavog.
Taamaattumik paasissutissat IAl-meersut naapertorlugit aatsitsivimmit
siunnersuutiginegartumit GHG-nik aniatitsineq ukiup ataatsip ingerlanerani Europa-mi
inuit 360.000-it  aniatittagaannut nalegqiunnegarsinnaalluni (allatut ogaatigalugu
ukiumut CO2e 3,6 mio. tons-itut annertutigisoq). Tamanna Kalaallit Nunaanni
tamakkiisumik GHG-nik maannamut aniatittakkanik malunnaatilimmik
annertusinerussaaq, taamaammallu massuma nalunaarusiap  suliarinegarnissaa
imissutiginegarsimalluni.



Aatsitsiviup ~ siunnersuutigineqgartup  innaallagialersornissaa  erngup  nukinganik
marlunnik nukissiorfiliornikkut pissaaq, taakkulu tamannarpiaq siunertaralugu
sanaartorneqgartussaapput. Nunarsuarmi silap kissatsikkiartornera eqqarsaatigalugu
tamanna annertuumik iluaqutaassaaq, taamaattorli erngup nukinganik nukissiorfinnik
sanaartornissaq ingerlatsinissarlu aamma GHG-nik aniatitsinermik
kinguneqartussaavoq. Ilanngullugu pilersaarutaasup tamakkiisumik ingerlannegarnerani
aniatitsisogartussaavoq, ilaatigut niogqutissiornermut atatillugu pilersinneqgartussatigut
(ass. Anod-it), assartuinikkut, kiisalu tamakkiisumik illorsuarnik, atortorissaarutissanik
attavegarnermullu atorfissaqartitanik sanaartornerup nalaani. Taamaammat naliliineq
tutsuiginartoqg angussagaanni pisariagarpoq kingunerisinnaasaanik tamakkiisumik
misissueqqissaarnissag, pilersaarutaasup  tamakkiisumik ingerlannegarnissaa
eqgarsaatigalugu, tamassumalu saniatigut nunarsuaq tamakkerlugu
eqgarsaatigissagaanni Kalaallit Nunaani aatsitsiviliortogassappat nunarsuup sinnerani
aluminiumik tunisassiornissaagaluap avaqqunneqgarnissaa ilanngullugu.

Misissuinerup siunertaa: LCA tassaavoq SMV-mut atatillugu suliarinegartoq.
Tunngaviusumik  avataangiisinut  sunniutissaanik  naliliinermut  pisariagarpoq,
periarfissaqg alla pingaarneq allanut *“periarfissanut naleqquttunut” sanillullugu
assersuunneqarnissaa (Directive 2001/42/EC of the European Parliament and the
Council on the Assessment of the Effects of Certain Plans and Programmes on the
Environment). Taamaammat LCA-mi siunertaq pingaarneq tassaavoq periarfissat
tulliani eqgaaneqartut iluanni GHG-nik aniatitsinissaq qitiutillugu avatangiisinik
sunniutegarsinnaanissaa nalilersorlugulu uppernarsarniassallugu:

e Periarfissag 1: Kalaallit Nunaanni aluminiumik aatsitsiviliorneq (Alcoa).

e Periarfissag 0: Kalaallit Nunaanni aatsitsiviliortogannginnissaq; Ima paasillugu
niogqutissiorfiup taamatut piginnaassuseqgartup nunamut allamut nuunnera,
tamannalu sanaartortitsinianit allanit ingerlannegarsinnaanissaa. Misissuinermi
matumani periarfissaq taanna aamma avinngarusimasukkut
niogqutissiorsinnaanissamik taaneqgarpog.

Periarfissaq 1) qulaani eqgaanegartoq Kalaalit Nunaanni Naalakkersuisut
tunngaviusumik naliliisitsinerannut atavoq, taavalu 0) tassaalluni periarfissamut 0-umut
atasoq.

Periarfissap 0-up nunarsuarsi piffimmi allami aluminiumik
nioqqutissiortogarsinnaanissaanut  attuumassuteqarnera  imatut  paasinegassaaq
nunarsuagq tamakkerlugu aluminiumik pisariagartitsiuarneq. Taamaammat Kalaallit
Nunaanni aatsitsiviliornissamik sanasogarnissaanik akuersaarneq nunami allami
assinganik sanaartorneqgarnissaanik pinngitsoortitsissaaq. Periarfissaq 0 tassaavoq
Kalaallit Nunaanni aatsitsivimmik pilersitsisoganngippat inissiffissaa teknologi-lu



atornegartussaq ilimanarnerpaasinnaasut. Imaassinnaavormi Alcoa inissiivissamik
allamik Kalaallit Nunaannisulli piujuaannartumik aallaavilimmik nukissiorfittalimmik
nassaarsinnaasog, taamatullu GHG-nik aniatitsinissamik taama appasitsigisumik
periarfissagalersinnaalluni. Kalaallit Nunaannili aatsitsiviliornissaq
akuersaarneganngippat matumani misissuinermi  Alcoa-p allamik inissiffissamik
ujarlersinnaanissaanut apeqqut ilanngunneganngilag. Taamaattumik misissuinermi
matumani taamaallaat Kalaallit Nunaanni aatsitsiviliornissamut
siunnersuutegarsimanermut apeqqut (periarfissag 1) illuatungiliullugulu aappaatut
periarfissatut ilimanarnerpaasinnaasoq, tassa piffimmi allami kikkuugaluarnersut
aatsitsiviliorusussinnaanissaat (periarfissaq 0) sanilliullugit nalilersornegarput.

Taamaamat Kalaallit Nunaanni tunngaviusumik avatangiisinut
sunniutegarsinnaaneranik nalilersuinerit tunngavigalugit aalajangiineq
suugaluarnersorluunniit piffimmi pinegartumi periarfissanik attuisussaavoq, tassanilu
aatsitsiviup nutaap sanaartornegarnissaani sumerpiaq inissiinissag, eggagassat
isumagineqarnissaat il.il. apeqqutaalissallutik.

Maluginegassaaq Kalaallit Nunaanni aatsitsiviliornissamik akuersaarneq (periarfissaq 1)
ima kingunegassammat periarfissaq O-up atorunnaarnissaanik, tamatumani nunarsuaq
tamakkerlugu  aluminiumik  niogqutissiornermi  pilersuineq  piumasagarnerliu
eqgaaqqillugit. Nunarsuaq tamakkerlugu GHG-nik aniatitsinikkut allannguutit Kalaallit
Nunaanni aatsitsiviliortogarneratigut tassaasussaapput Periarfissaq 1 Periarfissaq 0-ilu
ilanngaatigalugu.

Ilinuseq annertussusaalu

Tamakkiisumik atornissaanik naliliineq tassaavoq nioqqutissiornerup
kiffartuussinerulluunniit  atuunnera tamakkerlugu silamut aniatitsisinnaaneranik
missingersuineq. LCA ingerlannegartog ISO standard-it 14040 aamma 14044
naapertorlugit suliarinegarpog.

Misissugassaq atornegarneratalu sivisussusaa: Misissugassaq tassaavoq aluminiu
attornegarsimanngitsoq 1 kg-mik ogimaassusilik. LCA-mut ukiut ingerlanerini pisussat
misissugassaapput; Bauxit-imik piiaanerit, alumina-mik suliarinninneq kiisalu aluminiu-
mik niogqutissiorneq. Ingerlatsinermi akuusut allat, soorlu sglvpapir-imik taaguutilinnik
niogqutissiornerit  nerisassanullu  poortuutitut  atugassianik  niogqutissiornerit,
taakkununngalu atatillugit eqgagasserinerit/atoqgiinerit/aatseriarlugit nutaaliaralugit
matumani misissuinermi ilanngunneganngillat. Tamatumunnga pissutaavoq
misissuinerup  ingerlannegarnerani  Kalaallit ~ Nunaanni  aatsitsiviliornissamik
aalajangiinissaqg nunarsuaq tamakkerlugu ganoq annertutigisumik aluminiu-mik



niogqutissiornermut apegqutaasussaanngimmat, taamaammallu nunarsuag
tamakkerlugu tamakkiisumik aluminiu-mik eqgagassat aamma allanngortussaanatik.

Malugeqqunegarpog aluminiumik atuinikkut niogqutissat allat, soorlu biilit,
avatangiisinut sunniutegarneri malunnaatilimmik annikillinegarsinnaammat.
Tamatumunnga pissutaanerpaavoq aluminiu  ogitsunnguugaluarluni  sivisuumik

atasinnaassuseqarmat.  llanngullu  aluminiu  aatseriarlugu  nutaaliarinissaanut
piukkunnartuuvoq, taamaaliornikkullu GHG-nik aniatitat kg-kkaartumik 90-95%-imik
annikillineqartarlutik. ~ Eqqarsaatersuutilli ~ tamakku  misissuinermi  matumani
ilanngunneganngillat, misissuinerummi siunertaanut killegarneranullu

attuumassuteganngimmata.

Aniatitassat assigiinngitsut suussusii: GHG-nik aniatitassat WRI-meersoq The
Greenhouse Gas Protocol kiisalu aamma WBCSD (WRI aamma WBCSD 2004)
najoqqutaralugit ima immikkoortiternegarsimapput: Scope 1, 2 aamma 3.

Scope 1 tassaavoq aatsitsivimmit toggaannartumik aniatitat, taannalu tassaavoq Kyoto-
mi isumagatigiissut eqgarsaatigalugu Kalaallit Nunaannut pingaaruteqarnerpaaq. Scope
2 tassaavoq innaallagissiornikkut kiassarnikkullu GHG-nik aniatitsineq, tassanilu
Kalaallit Nunaat eqgarsaatigalugu erngup nukinganik nukissiorfinnit aniatitassaqg.
Kingullermi taamaallaat imeqarfissuarnit GHG-nik aniatitat pinegarput, taakkulu
ataatsimut isigalugu suunngillat. Taamaammat Scope 2-mi toggaannanngikkaluamik

GHG-nik aniatitassat ilanngunneqgarsimapput, tassaallutik erngup nukinganik
nukissiorfiliornerni sanaartornerup ingerlatsinerullu nalaanni pisussat. Scope 3-mi
aniatitsinerit ~ allat  ilanngussonegarsimapput:  aatsitassiorneq,  alumina-mik

niogqutissiorneq, assartuineq, anode-nik niogqutissiorneq, sulinermi tapertatut
ingerlanneqgartut il.il.

Kalaallit Nunaanni Aatsitsivik pillugu paasissutissat (periarfissaq 1): Aluminiumik
aatsitsivik suli aallartinngimmat paasissutissat Kalaallit Nunaanni pilersaarutaasumut
aatsitsivinnit ingerlareersunit teknologi-kkullu assingusinnaasunik atortunit nunani
allani paasissutissanik katersuisogarsimavogd. Tamanna siunertaralugu Alcoa Island-imi
Canada-milu  Deschambault-mi  aluminiumik  aatsitsivinnit ~ paasissutissanik
pissarsiorsimavog. Island-imi aatsitsivimmik sanaartorneq qularnanngitsumik Kalaallit
Nunaanni pilersaarutaasumut eqgaanarnerpaavoqg, ilaatigut pissutigalugu pilersitani
nutaajunersaammat, aammalu anode-nik niogqutissiortuunngimmat — soorlu taamatut
Kalaallit Nunaanni aatsitsivimmi taama pilersaarutegartogartog. Taamaakkaluartoq
ilaatigut Deschambault-mit paasissutissat atussallugit iluarinegarneruvoq, pissutigalugu
Island-imi aatsaat aallartisarneq naammassimmat, tassanngaanniillu paasissutissat



ataavartumik ingerlatsineq eqqgarsaatigalugu, misissuinermilu  toggammavissat
eqgarsaatigalugit nalorninartogartutut isiginegarsinnaammata.

Avinngarusimasukkut aluminiumik niogqutissiornermut atatillugu paasissutissat
(Periarfissaqg 0): Soorlu eqgaaneqgareersoq aluminiumik  niogqutissiorneq
tamakkiisumik isigissagaanni nalinginnaasumik ingerlatsinermi innaallagissamik
atuineq tassaavoq GHG-nik aniatitsinerpaasoq. Taamaattoq periarfissaq 0
eqgarsaatigalugu, tassa  nunami  allami  aluminiumik  niogqutissiornissaq
eqgarsaatigalugu, pingaarutegarluinnarsimavoq innaallagissiornermi sunik atuineq
tutsuiginartumik paasissallugu — tamatumanilu aatsitsviup sumi inissisimanera nunallu
immikkoortortaani tassani sutigut nukissiorneq sunut attuinersog.

Aatsitsivinnik allani inissiisinnaanermut nalilersuinernut sukumiisumik
misissueqqissarnerup inernera uani nassaarinegarsinnaavog: Afsnit 4-mi. Nalorninartut
annertuut tassaniipput, misissueriaatsillu arlallit atornegarsimallutik, taamaaliornikkut
periaatsit paasissutissallu agqutigalugit sumiiffiit takutinniarnegarlutik (periaatsit
paasissutissallu atorlugit pingasuniit isigalugu). 'Periusissap siunnersuutiginegartup'
allami inissiiffissag nunap immikkoortui pingasut ataatsimut atagatigiissinnissaannik
imagarpoq  (avinngarusimasoq  katitigag), tamatumani  Kina  60%-iulluni,
Commonwealth of Independent Nations (CIS)* 22%-iulluni kiisalu Kangia Qiterleq
(ME) 18%-imik. Kina-mi innaallagissiorneq annertunerpaamik aamarsuarnik
aallaavegarmat, allatut innaallagissamik pilersuinissaq ima agguarneqgarsinnaassaag:
Aamarsuit  62%, erngup nukinga 29% kiisalu gas-i 9%, taakkulu affaat
illuatungiliullugu CIS-imi ME-milu nassaarineqgarsinnaassagunarlutik.

Naak periarfissatut  misissuiffigisat, iliuusissat  paasissutisallu  amerlagisut
atornegaraluartut ~ naggataatigut  innaallagissiornikkut  periarfissat ~ katiterneri
assigiittorujussuupput  —  aamarsuit  atoraanni  inaallagiag  annertunerpaaq
pissarsiarinegarsinnaalluni, kiisalu erngup nukinga gas-ilu tulliullutik. Taamaattorli
aamma periarfissat tutsuiginannginnerusut allaanerulluinnartullu
nassaarinegarsimapput. ~ Tamakkununnga  tunngasoq immikkoortumi 5-mi
itisilernegarpoq eqikkaanermilu matumani malussarissuseq pillugu
misissueqqissaarnermi aamma takunegarsinnaalluni.

Kallerup inniliornissamut nukissiuutit sunnernegartussat pillugit eqgarsaatersuutit
gaavatigut misissueqqissaarnerup nunap immikkoortui attuumassutegartut akornanni
teknologiikkut assigiinngissusaat aamma ersersippaa - aatsitsinermi teknologii
eqgarsaatigalugu  aammattaaq  nukissiornikkut  teknologii  eqgarsaatigalugu.

L Annermik Rusland



Taamaammat misissuinerup isiginniffiit allat isumaliutigai, soorlu assersuutigalugu
Kinami nukissiorfiit Europami Killermi nukissiorfinninngarnit
naammassisakinnerusarnerat aammalu putsup gassiata passunneqgarnissaanik teknologiit
assigiinngitsut atorlugit. Kallerup innera atuunnerup ingerlarnani Kkilliffinni allani
atorneqartoq pillugu (soorlu bauxitimik piiaaneq aamma alumina-mik niogqutissiorneq)
misissueqqissaarneq alla  ingerlannegarpoq taassumalu  nunarsuarmi  nunat
immikkoortuini/nunani  attuumassutegarsinnaasuni ~ tamani  kallerup  innera
avinngarusimasumi atornegartoq naatsorsorpaa. Tamanna immikkoortumi 6-mi
itisilernergarpoq. Kallerup innerata aatsitsivimmukartup suleriaatsinit/killiffinnit allanit
immikkoortinnegarneranut pissutaavoq aluminiumik aatsitsiviit, kallerup inneranik
annertoorsuarmik  atuinertik  pissutigalugu,  nukissiorfinnik  immikkut ittunik
isumagatigiissutegartarmata imaluunniit allaat kallerup innera nammineq pilersoq
annertoog, kallerullu inniutaat taanna tunisassiorfinnit  allanit  nukimmik
atuinnginnerusunit allatut akoorisarsimassagunarpoq — allaat nunap immikkoortuata
iluani.

Inerneri siunissamilu pisussat

Periarfissag 1-mut (Kalaallit Nunaanni aatsitsivik) aamma Periarfissaq 0-mut
(@luminiumik pilersuineq periarfissaq alla) inernerit pingaarnerit tulliuttumi
sagqummiunnegarput. Inernerit  immikkoortumi 11-mi sukumiinerusumik
samminegarput.

Kalaallit Nunaanni aatsitsivimmiit (Periarfissag 1) GHG-nik aniatitsinerit:
Misissuinermi matumani LCA ingerlannegartup naatsorsorpaa aluminiumik aatsitsivik
pilersaarutiginegartoq  nunarsuarmi  kissatsikkiartuaarnermut  aluminiup  nutaap
nioqqutissiarinegartup Kiilup ataatsip CO,-mut 5,92 kg-mut assersuunnegarsinnaasumik
ilanngussegataasassasoq. Tassa imaappog, pilersaarutigineqgartutuut ukiumut 360.000
tonsinut naatsorsoraanni, taava CO,-mik ukiumut ilanngusseqataaneq 2,13 million
tonsinut naatsorsorneqarpog.

Aniatitsinerit Scope 1-usut tassaapput aatsitsivimmiit suleriaatsinit aniatitsinerit
toqgaannartut. Tamakku annertussuserissavaat aluminiumut nutaamut Kiilumut
ataatsimut CO2e 1,66 kg, taanna annermik anodemik atuinermut attuumasseteqgarluni
aammattaaqg, assut killegartumik, aniatitsinernut PFC-usunut. Ukiumut 360.000 tonsinik
aluminiumik nioqqutissiornermi aniatitsinerit scope 1-iusut ukiumut tamakkerlugit CO,
597.000 tonsiussapput.

Aniatitsinerit scope 2-jusut erngup nukinganik innaallagissiorfimmi
innaallagialiornermut tunngapput. Taakku aluminiumik nutaamik kiilumut CO, 0,140
kg angussavaat, erngup nukinganik innaallagissiorfiliornerit ingerlannerilu aammalu



imissaqgarfinnit aniatitsinerit ilanngullugit. Taakku nalingissavaat ukiumut CO, 50.200
tonsimik aniatitsineq.

Aniatitsinerit scope 3-jusut, aatsitsinerup nalaanut tunngasut, annermik anodeliornermit,
assartuinermit,  kiffartuussinernit aammattaarlu eqqgakkanik passussinernit il.il.
aniatitsinernit annikitsunit pisuupput. Taakku aluminiumik nutaamik kiilumut CO; 1,09
kg angussavaat, imaluunniit ukiumut CO, 391.000 tons. Aniatitsinerit tamarmik
katinnerat (scope 1, 2 aamma 3) aatsitsinerup nalaanut tunngasut aluminiumik nutaamik
kiilumut CO, 2,88 kg angussavaa imaluunniit ukiumut CO, 1,04 million tonsiusoq.

Aniatitsinerit Kalaallit Nunaata iluani pisartussat, aatsitsivimmi suleriaatsinit
aniatitsinerit ilanngullugit, ukiumut CO, 597.000 tonsinut naatsorsornegarput. Tamanna
maanna Kalaallit Nunaata GHG-inik aniatitsisarnerata 85%-eraa, CO, 700.000 tonsit?
missaanniittoq.

Aluminiumik nutaamik kiilumut katillugit CO, 5,92 kg angussagaanni bauxitemik
piiaaneq ilannguttariagarparput, taannalu annertussuseqarluni kiilumut CO, 0,144 kg,
aammattaag  alumina-mik  niogqutissiorneq  kiilumut CO, 2,89  kg-mik
annertussuseqgartog, taassuma annersaa kiassarnermut tunngasuusoq (orsussanik
ujaranngorsimasunik aallaaveqgartut).

Aatsitsivinnut allanut naleqgiullugu Kalaallit Nunaanni aatsitsivimmit GHG-mik
aniatitsinerit  malunnartumik appasinnerupput - erngup nukinganik atuineq
peqqutaanerulluni. GHG-inik aniatitsinerit aluminiumik aatsitsivinnut allanut tunngasut
immikkoortumi tullermi nassuiarnegassapput.

Periarfissamit allamit niogqutissiornermit GHG-nik aniatitsinerit (Periarfissaq 0):
Piffimmi  (nunami) allami aluminiumik niogqutissiornermi, Kalaallit Nunaanni
aatsitsivik sanaartorneganngippat atulersinneqartussagq, avatangiisinut
sunniutigisinnaasat misissoqqissaarnerata takutippaa tamanna aluminiumik nutaamik
kiilumut CO, 20,7 kg-mik annertussuseqassasoq, imaluunniit ukiumut CO, 7,47 million
tonsit, piffimmi allami aluminiu 360.000 tonsit niogqutissiarinegarnera tunngavigalugu.
Ilanngussinermut taama angitigisumut peqqutaasoq pingaarneq tassaavoq kallerup
inneranik atuineq, taanna ima aallaaveqassammat: aamarsuarmit 62%, erngup
nukinganit 29%  kiisalu gassimit 9% (taassumalu affaa atorneganngippat
ikuallaannarnegartussaalluni). Periarfissami tassani GHG-mik aniatitsinerit 70%-ii

2 UNFCCC (2009) naapertorlugu, 2006-imi Kalaallit Nunaanni ujaranngorsimasut aallaavigalugit CO,-
mik aniatitsinerit CO2e 682.000 tonsiupput. Tamanna tunngavigalugu ullumikkut Kalaallit Nunaanni
CO2e -mik ukiumut aniatitsineq 700.000 tonsinut naatsorsornegarpog.



sinnerlugit innaallagissiornermit pisuussapput. Kalaallit Nunaanni aatsitsivimmi taanna
taamaallaat 2% missaaniissaag.

Erseqqissaatigissallugu pingaarpoq nalorninartut Periarfissaq O-p inernerinut tunngasut
annertummata.  Nioqqutissiorfissap ~ sumorpiag inissinnissaa  nukingilluunniit
sunnernegartussat ganog agguarsimanissaat  nalunarluinnarpog. Taamaammat
malussarissuseq pillugu  misissueqqissaarnerit amerlagisut suliarinegarsimapput
periarfissamit  unnersuussutigineqartumit  piffinnut  allanut  tikkuussisinnaasut.
Malussarissuseq pillugu misissueqqgissaarnerit taakku takutippaat aluminiu nutaaq
kiillumut CO, 11,6 kg-p, CIS/Ruslandimi erngup nukinga tunngaviginerullugu
tunisassiorneq, aamma CO, 29,2 kg-p, Kinami aamarsuit 100% tunngavigalugit
tunissassiorneq, akornanni GHG-mik aniatitsinerit. Periarfissat arlaannaalluunniit
pinngitsoorsinnaannginnatsigu inerneri aamma ima sagqgqummiunnegarsinnaapput:
Periarfissag O0-mi aluminiu nutaaq kiilu CO, 20,7 +. 9 kg miss. Tamanna
immikkoortumi 11.1-mi itisilerneqassaag.

GHG-inik aniatitsinerit pillugit nunarsuarmi allannguutit (Periarfissaq 1
Periarfissag 0 ilanngaatigalugu): Kalaallit Nunaanni aatsitsivimmik inissiinerup
kingunerisaanik GHG-inik aniatitsinerit allanngornerat tamarmiusoq (nunarsuaqg tamaat
isigalugu) tassaassapput Periarfissag 1-imi sunniutit Periarfissag O-imi sunniutit
ilanngaatigalugit, t.i. Kalaallit Nunaanni aatsitsivimmit sunniutit nunarsuarmi piffimmi
allami  aluminiumik aatsitsivimmik inissiinikkut  sunniutit ilanngaatigalugit.
Nalorninartorpassuit qulaani nassuiarneqgartut ilanngukkutsigit ima isumagarpoq
aatsitsivik ~ Kalaallit  Nunaanni  atulersinnegartuuppat GHG-nik  aniatitsinerit
allanngornerat tamarmiusoq ukiumut CO, 2,05-imiit 8,36 million tonsit tungaannut
pinngitsoortitsissasoq ~ (imaluunniit  CO,  ukiumut 5,34  million  tonsit
siunnersuutiginegartoq Periarfissaq O atorutsigu). Allatut ogaatigalugu, nunarsuaq
tamaat isigalugu, aatsitsivik Kalaallit Nunaanniittup kingunerissavaa GHG-nik
aniatitsinerit CO, 5 £ 3 million tonsit missaanniittut ukiumut pinngitsoortittassagivut.

Kalaallit Nunaata CO,-mik aniatitsinera ukiumut 700.000 tonsit missaanniimmat
aatsitsiviup pilersaarutiginegartup nunarsuarmi GHG-inik aniatitsinerit
annikillisinnissaannut  ilippanaategarpog, maanna Kalaallit Nunaata GHG-nik
aniatitsinerata 3-12-riaataanik angitigisumik, uffa Kalaallit Nunaanni namminermi
GHG-inik aniatitsinerit marloriaatingajaanik annertusigaluarlugu. Tassunga atatillugu
erseqqgissaatigisariagarpoq GHG-inik aniatitsinerit kinguneri piffimmit sumit pisuunerat
apeqqutaanngimmat.

Imaassinnaavoq (aatsitsivimmut Kalaallit Nunaanniittumut) periarfissanik allanik
carbonimik aamma pilersuivallaanngitsunik peqartoq Alcoamillu
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toqgarnegarsinnaasunik. Taakkununnga ilaapput sumiiffinni aatsitsiviit erngup
nukinganik 100%-itimik imaluunniit gassimik 100%-imik pilersorneqgarsinnaasut, gassi
atorneganngippat ikuallatsinnegaannartussaalluni, assersuutigalugu nunat
immikkoortuini ukunani: Rusland/Siberia, Afrika imaluunniit Kangiani Qiterlermi.
Kisianni misissuinerup matumap aatsitsivik Kalaallit Nunaanniittoq aatsitsivimmut
Kalaallit Nunaanniinngitsumut taamaallaat naleqgiuppaa. Aatsitsivimmut Kalaallit
Nunaanniittumut Alcoamit pilersaarutigineqartumut periarfissat allat tigussaasut
isumaliutigineganngillat. Akerlianik misissuinerup aatsitsivik Kalaallit Nunaanniittoq
periarfissaasinnaasunut  allanut  ilimanarnerpaanut  naleqqgiuppaa, aluminiumik
piumasagarnerup allanngorsinnaanerata gisuariarfigisariagarnerata kingunerisaanik.

Kalaallit Nunaanni peqqgissuuneq eqgarsaatigalugu: Misissuinermut ilaavoq
Kalaallit Nunaanni inuit peqqissusiannut sunniutit misilittaatigalugu nalilernerat —
kisianni avatangiisinuinnag attuumassuteqgartut pillugit (sulisilluni  peqgissuuneq
isumannaatsuunerlu pineganngillat). Naliliinerup takutippaa aatsitsivik
malunnaatilimmik sunniutit immikkoortuannut ‘anersaartuutitigut uumassuseganngitsu-
‘nut  pilersitsisog.  Anersaartuutitigut  uumassuseganngitsunut  ilaavog inunni
anersaartuutitigut sunniutit (sananegaatinit uumassuseganngitsunit pisoq soorlu
sananegaatit mikisut aamma svovldioxid) ikumatitagarluni suleriaatsinit pigajuttartog.
Aatsitsivimmit  Kalaallit Nunaanniittumit ilanngussineq pingaarneq tassaavoq
svovldioxid, taannalu erfalasumik aappaluttumik nittartitsivog. Ima isumagarpoq inuit
peqqissusiannut tunngasut pilersaarusiornermut atatillugu avatangiisit nalilersorneranni
(SMV)  imaluunniit  immikkut ingerlannegartumi  Peqqgissutsimut  Sunniutit
Nalilersorneranni (VVVH) ilanngullugit isumaliutiginegarnissaat innersuussutigigatsigu.

Isumanerluuteqgalersitsisinnaasoq alla tassaavoq hydrogen fluoridimik (HF) aniatitsineq.
Annertussutsinut ~ angisoorsuarnut  sunnertinneq  eqgaassanngikkaanni inuit
peqgissusiannut  malunnaatilimmik  sunniutegarsinnaasunik  nassaarsimanngilagut;
uumassuseqartunili katersuukkiartorsinnaanera eqgarsaatigalugu tamanna SMV-imut
VVH-mulluunniit ilanngunneqgarnissaa oqallisigisariagartutut nalilernegarsimavog.
Isumanerluut LCA-mit namminermit pilersimanngilaq atuagassanilli misissuinerup
aamma LCA-mut atatillugu apersuinerit ingerlannegarnerisa inerneralugu.

Allatigut sunniutaasinnaasut: LCA-p avatangiisinut sunniutaasinnaasut immikkoortut
15-it allat aamma pilersissimavai — ilaallutik ozonimik nungusaaneq, pinngortitamik
pissarsiarinninneq, seernarsisitsineq, ozonemik fotokemiskiusumik pilersitsineq il.il.
(takuuk immikkoortoq 11.2).

Sunniutit tamakku sukumiisumik misissornegarsimanngillat, taamaattorli naliliineq
annerusumik  sunniutaasinnaasut  immikkoortuinut  pingaaruteqaratarsinnaasunut
tulliuttunut tikkuussivoq:
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e Pinngortitamik pissarsiarinninneq
e Inunnut toqunassusegarnera
e Anersaartuutitigut uumassuseganngitsut

Pinngortitamik pissarsiarinninneq pillugu, isumanerluut naliliineq pitsaassutsimik
tunngavilik annermik aallaavigaa, naliliineq annertussutsimik tunngavilik periaatsimik
Stepwise LCIA-mik tunngaveqartoq aallaaviginagu. Kalaallit Nunaanni avatangiisini
innarlerneganngitsuni immagalu aserujasumi nunamik allanngortitsineq
pissarsiarinninnerlu isornarpoq erfalasumillu aappaluttumik nittartitsilluni.

Inunnut toqunassuseqgarnera pillugu misissuinitta takutippaa ilanngussineq nunamut
gaartiterusersuinermut,  marallummut  aappaluttumut ~ aamma  nunniorfinnut
tunngassuteqgarnerusoq, taakkunanilu inunnut nuussineq soorpiarani.

Anersaartuutitigut uumassuseganngitsut eqqgarsaatigalugit ilanngussineq annerpaaq
svovl dioxidimit, kusernernit aamma nitrogenoxidinit pissaag. Aniatitsinerit annermik
elektrolysemik  suleriaaseqarnermit  pinngorfegarput, sanaassat  umiarsuakkut
assartornerannit aamma aluminamik tunisassiornermit.

Taamaattorli maluginegassaaq pingaakannissusia misissueqgissaarnermi
ingasappallaartumik  sagqumeriaannaammat, aniatitsinerimmi  alisissumi  inunnit
tikinneganngingajattartumi annermik pisarmata.

Eqgaassallugu  pingaarpoq naliliineq  qulaaniittog taamaallaat  screeningip
inernerimmagit  taamalu  sunniutit  allat  assinganik  anginerusumilluunniit
pingaaruteqgarsinnaallutik. Kulturimut inoogatigiinnermullu tunngasutigut sunniutaasut
tassaapput sammisassat allat pingaartut, pingaarluinnarporlu atuartup SMV saassagaa
naliliineq annikitsortaanik aamma ilanngussisoq sumiiffimmut, avatangiisinut
inoogatigiinnermullu sunniutit Kalaallit Nunaanni aatsitsivimmut
pilersaarutiginegartumut attuumassuteqartut piumallugit.
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Sammenfatning pa dansk

Nervaerende rapport er en detaljeret undersggelse af miljgpavirkningerne, set i et livs-
cyklusperspektiv, af et aluminiumsmelteveerk med en arlig kapacitet pa 360.000 tons
der planleegges opfart i Vestgrenland. Undersggelsen er bestilt af Alcoa og Grgnlands
Selvstyre. Smeltevaerket er stadig i planleegningsfasen, og sattes tidligst i drift i 2014.

Undersggelsen anvender livscyklusvurderingsmetoden (LCA) og fokuserer primeert pa
drivhusgas (GHG) emissioner — eller Carbon Footprint for at bruge et mere populert
udtryk. Fokus pa drivhusgasemissioner skyldes delvist krav fra undersggelsens bestille-
re og delvis ogsa den kendsgerning, at livscyklusvurderingen udger en del af en strate-
gisk miljgvurdering (SMV) hvori andre typer af effekter vurderes sarskilt. Andre ef-
fektkategorier sasom ozonnedbrydning, forsuring, eutrofiering, gkotoksicitet og human
toksicitet medtages i denne undersggelse og praesenteres som en del af resultaterne, men
er ikke sa ngjagtigt vurderet som drivhusgasemissioner og ma derfor tillegges veesentli-
ge usikkerheder.

Formalet med livscyklusvurderingen er at give livscyklusbaseret miljginformation om
det planlagte aluminiumsmelteveaerk i forhold til den igangveerende strategiske miljgvur-
deringsproces fra 2007 til 2009 (Grenlands Hjemmestyre 2007).

Gregnlands Selvstyre har bestilt livscyklusvurderingen, og malgruppen indbefatter alle
direkte eller indirekte interessenter i den strategiske miljgvurderingsproces. Disse om-
fatter Grgnlands Selvstyre, Alcoa, den grgnlandske befolkning, befolkningen i Maniit-
soq i Vestgregnland hvor aluminiumsmeltevearket foreslas placeret, og NGO’er. Livscy-
klusvurderingens resultater er ogsa af interesse for forhandlingspartnerne, inklusiv Dan-
mark og Grgnland, i den nye klimaaftale der skal erstatte Kyoto Protokollen.

Sammenfatningen er opdelt i tre dele. Den farste del er baggrundsdelen, der beskriver
konteksten og formalet med livscyklusvurderingen, mens den anden del redeger for
undersggelsens afgraensninger samt vigtige metodologiske overvejelser og valg. | den
tredje del praesenteres undersggelsens hovedresultater. Disse indbefatter de estimerede
drivhusgasemissioner for det planlagte aluminiumsmelteveerk i Grgnland samt drivhus-
gasemissionerne ved en alternativ aluminiumproduktion. Alternativet antages imple-
menteret hvis smelteveaerket i Granland ikke opfares, eller antages undgaet hvis projek-
tet fortsetter som planlagt. Endelig indeholder del tre en fglsomhedsanalyse der belyser
usikkerhederne ved livscyklusvurderingens resultater.

Ifalge 1SO 14044 standarden skal en livscyklusvurdering gennemgas kritisk af et panel,
hvis resultaterne skal bruges til at understgtte en komparativ udvalgelse beregnet for
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offentliggarelse. Denne undersggelse er derfor blevet underlagt en panelgennemgang fra
20. april til 3. juli 2009. Mark Goedkoop (PRé Consultants) er blevet udvalgt til panel-
formand af Klaus Georg Hansen (Grenlands Selvstyre) som en ekstern, uafhangig eks-
pert. Mark Goedkoop har uafhangigt valgt to andre parter. Disse er: Eirik Nordheim
(EAA, European Aluminium Association) og Pascal Lesage (Sylvatica). Panelgennem-
gangen inklusiv forfatternes kommentarer kan ses i Appendix 6: Review panel report,
including the authors” comments.

Baggrund

Aluminium er et ikke-jernholdigt metal, hvis produktion kraever store meangder elek-
trisk kraft. Ifglge International Aluminium Institute (IAl) tegner 1 ton jomfruelig alumi-
nium sig for gennemsnitligt 10 tons emissioner CO2e, inklusiv udvindingsprocessen og
alumina produktion (se ogsa litteraturstudiet i afsnit 2). Dette svarer cirka til den arlige
mangde af drivhusgasemissioner fra en gennemsnitsperson i Europa. Saledes vil det
foreslaede smelteveerk, ifglge data fra 1Al, tegne sig for drivhusgasemissioner svarende
til emissionerne fra cirka 360.000 personer i Europa over et ar (eller 3,6 millioner tons
CO2e arligt). Dette er et vaesentligt bidrag til Grenlands totale Carbon Footprint (driv-
husgasemissioner), og er en af grundene til at denne undersggelse er blevet bestilt.

Elproduktion for det planlagte smelteveerk vil blive baseret pa to vandkraftvarker der
opfares til dette formal. Set i relation til global opvarmning har dette store fordele, men
under vandkraftvaerkernes opfarelse og drift vil der ogsa produceres drivhusgasemissio-
ner. Endvidere fremkommer emissioner i andre livscyklusfaser og ved produktion af
hjeelpematerialer (f.eks. anoder), under transport og ved produktion af produktionsmid-
ler sasom bygninger, maskiner og andre typer af ngdvendig infrastruktur. For at opna en
palidelig vurdering er det derfor ngdvendigt at udfere en omfattende analyse der afdaek-
ker et repraesentativt saet konsekvenser i alle livscyklusfaser, samt i et starre perspektiv
hvor vi medtager undgaet aluminiumproduktion (globalt) forarsaget af opfarelsen af
smeltevaerket i Grgnland.

Undersggelsens formal: Livscyklusvurderingen er udarbejdet som en del af en strate-
gisk miljevurdering (SMV). Til en strategisk miljgvurdering kraeves, at hovedalternati-
vet sammenlignes med “’rimelige alternativer” (Europa-parlamentets og Radets Direk-
tiv 2001/42/EF om Vurdering af Bestemte Planers og Programmers Indvirkning pa Mil-
joet). Det er saledes livscyklusvurderingens hovedformal at vurdere og dokumentere de
mulige miljoeffekter fra falgende alternativer, med fokus pa drivhusgasemissioner:
e Alternativ 1: Etablering af et aluminiumsmelteveerk i Grenland (Alcoa)
e Alternativ 0: Ingen etablering af et aluminiumsmelteveerk i Grgnland, hvilket be-
tyder at en tilsvarende kapacitet installeres et andet sted pa kloden, og at dette
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muligvis udfares af en anden virksomhed. Dette betegnes i denne undersggelse
ogsa som marginalproduktionen.

Ovenstaende alternativ 1) svarer til hovedalternativet i den strategiske miljgvurdering
foretaget af Gregnlands Selvstyre, og 0) svarer til O-alternativet.

At O-alternativet reprasenteres ved aluminiumproduktion et andet sted pa kloden base-
rer sig pa den antagelse at aluminiumproduktion drives af den globale efterspargsel efter
aluminium. Saledes vil en eventuel beslutning om at godkende alumiumsmelteverket i
Gregnland have den effekt at en tilsvarende kapacitet ikke vil blive installeret andetsteds.
0O-alternativet repreesenteres ved den mest sandsynlige placering og teknologi som vil
blive implementeret hvis smelteveerket i Grgnland ikke realiseres. Alcoa har mulighed
for at identificere en anden placering med adgang til vedvarende energi som det er til-
feeldet i Grenland og dermed opna lignende, lave drivhusgasemissioner. Det falder dog
uden for graenserne for denne undersggelses at afgare om Alcoa vil sgge efter en anden
placering hvis smelteveerket i Grgnland ikke godkendes. Denne undersggelse sammen-
ligner derfor kun det specifikt foreslaede smeltevaerk i Grgnland (alternativ 1) med den
mest sandsynlige alternative kapacitet installeret andetsteds af en anden, uspecificeret
aktgr pa markedet (alternativ 0).

Saledes vil udfaldet af enhver beslutning der treeffes som led i den strategiske miljgvur-
deringsproces i Grenland kun bergre lokale alternativer, sdsom detailplacering og af-
faldshandtering m.m. i det omrade, hvor det nye aluminiumsmelteveerk installeres.

Det skal bemaerkes at en beslutning om at etablere smelteveerket i Grenland (alternativ
1) ogsa betyder at alternativ 0 undgas, i overensstemmelse med de ovenfor omtalte an-
tagelser om den globale udbuds- og efterspgrgselssituation pa aluminiummarkedet. Den
globale e&ndring i drivhusgasemissioner som fglge af at placere aluminiumsmeltevaerket
i Grgnland er derfor alternativ 1 minus alternativ 0.

Metode og afgraensning

En livscyklusvurdering er en vurdering af de potentielle effekter af alle emissioner i
lgbet af livscyklussen for et produkt eller serviceydelse. Livscyklusvurderingen udfares
I overensstemmelse med kravene i 1ISO standarderne 14040 og 14044.

Funktionel enhed og livscyklusfaser: Undersggelsesenheden (ogsa kaldt den funktio-
nelle enhed) er 1 kg jomfruelig aluminium. Livscyklusvurderingen indbefatter fglgende
livscyklusfaser: Bauxitudvinding, aluminaproduktion og aluminiumproduktion. Andre
nedstramsprocesser sasom plade- og folieproduktion eller aluminiumproduktion til for-
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brugerprodukter og dertil hgrende affaldsbortskaffelse, genbrug eller genanvendelse,
medtages ikke i denne undersggelse. Det skyldes at undersggelsen er baseret pa antagel-
sen om at den globale produktionsmangde af aluminium ikke pavirkes af beslutningen
om at opfere aluminiumsmeltevaerket i Grgnland eller ej — saledes vil den globale
meengde aluminiumsaffald ikke blive pavirket.

Det skal bemarkes at brugen af aluminium kan nedseette miljgeffekterne fra andre pro-
dukter, sasom biler, veaesentligt. Hovedbegrundelsen er at aluminium har en lav densitet
samtidig med at det er relativt holdbart. Desuden er aluminium velegnet til genanven-
delse, hvilket nedsatter drivhusgasemissioner per kg med 90-95%. Disse overvejelser er
dog ikke relevante i denne sammenhaeng, undersggelsens formal og afgraensninger taget
I betragtning.

Emissionstyper: Det er valgt at kategorisere drivhusgasemissionerne som scope 1, 2 og
3 i1 overensstemmelse med Greenhouse Gas Protocol fra WRI og WBCSD (WRI og
WBCSD 2004).

Scope 1 indbefatter de direkte emissioner fra smelteveerket som vil vaere Grgnlands ho-
vedinteresse set i forhold til Kyoto Protokollen. Scope 2 indbefatter drivhusgasemissio-
nerne fra indkebt el (og varme), som i tilfeldet Grgnland vil indbefatte de direkte emis-
sioner fra vandkraftveerkerne. Til det sidstnaevnte medtages kun drivhusgasemissionerne
fra vandreservoirerne, som er relativt uvaesentlige. Vi har derfor ogsa medtaget indirekte
drivhusgasemissioner fra opfarelse og drift af vandkraftveerkerne i scope 2. Scope 3
indbefatter alle andre emissioner sasom dem der fremkommer ved udvinding, alumi-
naproduktion, transport, anodeproduktion, hjelpematerialer, m.m.

Data for Grgnland-smelteveerket (alternativ 1): ldet aluminiumsmeltevaerket endnu
ikke er sat i drift er data blevet indhentet fra andre smeltevaerker med en lignende tekno-
logi som den der antages brugt i Grgnland. Med dette for gje har Alcoa leveret data fra
deres aluminiumsmelteveerker i Island og Deschambault i Canada. Anlaegget i Island
ligner sandsynligvis mest det foreslaede smelteveerk i Granland, fordi det er det nyeste
anlaeg og fordi det ikke producerer anoder — ligesom det planlagte smelteveerk i Gran-
land. | nogle tilfeelde har det dog veeret mest hensigtsmassigt at benytte data fra
Deschambault fordi anlaegget i Island netop har afsluttet opstartsprocessen og data her-
fra af den grund ikke med sikkerhed er repraesentative for stabil drift for nogle paramet-
re.

Data for marginalproduktion af aluminium (alternativ 0): Som navnt star elproduk-

tion under normale forhold for det stgrste bidrag til drivhusgasemissioner i livscyklus-
sen for jomfruelig aluminium. For O-alternativet, svarende til en alternativ aluminium-
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produktion, har det derfor veeret afgerende at fremskaffe palidelige data for energikilder
til elproduktion — som igen afhaenger af smeltevaerkets beliggenhed og de bergrte ener-
gikilder i det aktuelle omrade.

En omfattende analyse foretages i afsnit 4 for at estimere den alternative (marginale)
beliggenhed af smelteveerkerne. Mange usikkerheder er involveret, og et antal scenarier
er blevet udviklet der afspejler forskellige metoder og datakilder (metode- og datatrian-
gulering). Det "anbefalede’ scenarie peger pa at den alternative beliggenhed vil veere en
kombination af tre omrader (komposit marginal), repreesenteret ved Kina med 60%,
Feellesskabet af Uafhangige Stater (CIS)® med 22% og Mellemgsten (ME) med 18%.
Idet elproduktionen i Kina domineres af kul bliver den marginale elektricitetssammen-
seetning 62% kul, 29% vandkraft og 9% gas, hvoraf halvdelen antages at blive afbraendt
i henholdsvis CIS og Mellemgsten.

Til trods for det hgje antal benyttede scenarier, metoder og datakilder viser de fleste
scenarier sammenlignelige resultater i forhold til den marginale elektricitetssammen-
seetning — hvor det meste af elektriciteten er baseret pa kul efterfulgt af vandkraft og
gas, i denne reekkefalge. Mindre palidelige og veesentligt forskellige scenarier er dog
ogsa blevet fundet. Denne del uddybes i afsnit 5 og afspejles ogsa i falsomhedsanalysen
i denne sammenfatning.

Foruden overvejelserne omkring de bergrte energikilder for elproduktion peger analysen
pa de teknologiske forskelle de forskellige imellem de aktuelle omrader— bade hvad
angar smeltevaerksteknologier og energiteknologier. Undersggelsen peger saledes pa
andre aspekter, sasom at f.eks. kinesiske kraftvaerker er mindre effektive end kraftveer-
ker i Vesteuropa, og at de har andre behandlingssystemer for rgggas. For el fra nettet
der benyttes i andre livscyklusfaser (f.eks. bauxitudvinding og aluminaproduktion) er
der udfert en serskilt analyse, der estimerer den marginale elproduktion fra nettet i
samtlige, relevante omrader/lande i verden. Dette uddybes i afsnit 6. Begrundelsen for
at skelne imellem forbrug til et smeltevaerk og til andre processer/livscyklusfaser base-
rer sig pa den kendsgerning, at aluminiumsmeltevarker i kraft af deres hgje elforbrug
har serlige kontrakter med kraftveerker — eller endda selv producerer elektricitet, hvilket
til en vis grad ger deres elektricitetsblanding forskellig fra andre, mindre forbrugende
industrier, selv inden for det samme omrade.

Resultater og perspektiver
Hovedresultaterne for alternativ 1 (smeltevaerk i Grgnland) og alternativ O (alternative

aluminiumsproduktion) praesenteres i det falgende. Disse resultater uddybes yderligere i
afsnit 11.

® Hovedsagelig Rusland.
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Drivhusgasemissioner fra smelteveerk i Gregnland (alternative 1): Livscyklusvurde-
ringen udfart i denne undersggelse anslar at det planlagde aluminiumsmelteveerk vil sta
for et bidrag til global opvarmning svarende til 5,92 kg CO2e per kg produceret jomfru-
elig aluminium. Hvis der skaleres op til den planlagde, arlige produktion pa 360.000
tons kan det totale, arlige bidrag saledes anslas til 2,13 millioner tons CO2e.

Scope 1-emissioner er direkte procesemissioner fra smelteveerket. Disse svarer til 1,66
kg CO2e per kg jomfruelig aluminium, som hovedsageligt skyldes anodeproduktion og
til en mindre grad PFC emissioner. De totale scope 1-emissioner knyttet til en produkti-
on pa 360.000 tons aluminium belgber sig til 597.000 tons CO2e.

Scope 2-emissioner stammer fra elproduktion ved vandkraftveerkerne. Disse svarer til
0,140 kg CO2e per kg jomfruelig aluminium, inklusiv opfarelse og drift af vandkraft-
veerkerne samt emissioner fra reservoirer. Dette svarer til en arlig emission pa 50.200
tons COZ2e.

Scope 3-emissioner, tilknyttet smeltefasen, indbefatter hovedsagelig emissioner fra
anodeproduktion, transport, serviceydelser samt mindre emissioner knyttet til affalds-
handtering, mm. Disse udger 1.09 kg CO2e per kg jomfruelig aluminium, eller 391.000
tons CO2e arligt. De samlede emissioner (scope 1, 2 og 3) hidrarende fra smeltefasen
belgber sig til 2,88 kg CO2e per kg jomfruelig aluminium eller 1,04 millioner tons
CO2e arligt.

De emissioner der fremkommer inden for Grgnland, som ogsa inkluderer procesemissi-
onerne fra smeltevaerket, anslas til 597.000 tons CO2e. Dette svarer til 85% af Gran-
lands nuveerende drivhusgasemissioner, som er cirka 700.000 tons* CO2e.

For at opna totalen pa 5,92 kg CO2e per kg jomfruelig aluminium skal medtages bau-
xitudvindingsfasen, som star for 0,144 kg CO2e per kg, samt aluminaproduktionen sva-
rende til 2,89 kg CO2e per kg, hvoraf stgrstedelen knytter sig til varmeenergi (baseret
pa fossile brendsler).

Sammenlignet med andre smelteveerker er drivhusgasemissionerne fra Grgnland mar-
kant lavere — hovedsagelig grundet brug af vandkraft. Drivhusgasemissioner knyttet til
aluminiumproduktion ved andre smelteverker beskrives i det falgende afsnit.

* Ifalge UNFCC (2009) var de fossilbaserede CO, emissioner fra Grgnland 682.000 tons CO2e i 2006.
Herudfra anslas de arlige CO2e emissioner i Grgnland i dag til at veere 700.000 tons CO2e.
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Drivhusgasemissioner fra alternativ produktion (alternativ 0): Analysen af miljgef-
fekterne fra den marginale aluminiumproduktion der implementeres hvis smelteveerket i
Granland ikke bliver opfart, viser at disse vil udgere 20,7 kg CO2e per kg jomfruelig
aluminium, eller 7,47 millioner tons CO2e arligt, under antagelse af at 360.000 tons
aluminium sa ville produceres et alternativt sted. Hovedarsagen til det hgje bidrag er
elforbruget, som baserer sig pa 62% kul, 29% vandkraft og 9% gas (hvoraf halvdelen
vil alternativt blive afbraendt). | dette scenarie vil mere end 70% af drivhusgasemissio-
nerne stamme fra elproduktion. For smeltevarket i Grenland er det kun cirka 2%.

Det er vigtigt at understrege at usikkerhederne forbundet med resultaterne ved alternativ
0 er vaesentlige. Det er ikke muligt at kende den eksakte beliggenhed af den marginale
produktion, eller de faktisk anvendte energikilder. Der er derfor foretaget en lang raekke
felsomhedsanalyser for alternativer til det anbefalede scenarie. Disse falsomhedsanaly-
ser viser drivhusgasemissioner mellem 11,6 kg CO2e per kg jomfruelig aluminium,
svarende til en produktion hovedsagelig baseret pa vandkraft i CIS/Rusland, og 29,2 kg
CO2e per kg jomfruelig aluminium, svarende til en produktion i Kina baseret pa 100%
kul. Da vi ikke kan udelukke nogle af scenarierne kan resultaterne ogsa praesenteres som
20,7 = cirka 9 kg CO2e per kg jomfruelig aluminium for alternativ 0. Dette uddybes
yderligere i afsnit 11.1.

Globale &ndringer i drivhusgasemissioner (alternativ 1 minus alternativ 0): Den
totale endring af drivhusgasemissionerne (set i et globalt perspektiv) ved at placere et
aluminiumsmeltevaerk i Grgnland vil veere effekterne fra alternativ 1 minus alternativ 0,
dvs. effekterne fra smelteveerket i Grgnland minus effekterne fra aluminiumsmelteveer-
ket placeret et andet sted i verden. Hvis vi medtager usikkerhedsintervallet som forkla-
ret ovenfor, betyder det at den totale &ndring i drivhusgasemissioner som resultat af at
implementere smelteveerket i Granland belgber sig til besparelser pa 2,05 til 8,36 milli-
oner tons CO2e arligt (eller besparelser pa 5,34 millioner tons CO2e arligt, hvis det an-
befalede scenarie for alternativ 0 benyttes). Med andre ord vil smelteverket i Grgnland
betyde at der undgas emissioner for 5 + 3 millioner tons CO2e arligt i et globalt per-
spektiv.

Eftersom Grgnlands arlige CO2e emissioner udger cirka 700.000 tons CO2e har det
planlagte smeltevaerk potentiale til at reducere de globale drivhusgasemissioner med 3
til 12 gange Grgnlands nuveerende drivhusgasemissioner, pa trods af at de indenlandske
drivhusgasemissioner i Grgnland nasten fordobles. | denne henseende skal det under-
streges, at konsekvenserne af drivhusgasemissioner er uafhangige af, hvor de udledes.

Det er muligt, at lige s& CO2e-venlige alternativer (til smelteveerket i Granland) findes
og kunne valges af Alcoa. Dette indbefatter smeltevaerker i omrader, hvor det er muligt
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at bruge 100% vandkraft eller 100% gas som ellers ville blive afbraendt, f.eks. i omrader
som Rusland/Sibirien, Afrika eller Mellemgsten. Denne undersggelse sammenligner
dog kun smeltevaerket i Grgnland med intet smeltevaerk i Grgnland. Specifikke alterna-
tiver til smeltevaerket i Grenland planlagt af Alcoa medtages ikke. Undersggelsen sam-
menligner i stedet smelteveerket i Grgnland med den mest sandsynlige alternativ kapaci-
tet, der vil blive installeret andetsteds som en reaktion pa @ndringer i efterspargslen pa
aluminium.

Menneskers sundhed i Grgnland: Undersggelsen indeholder en forsigtig vurdering af
menneskelige sundhedseffekter i Grgnland — men kun set i relation til det ydre miljg
(ikke arbejdsmiljg og sikkerhed). VVurderingen viser at smeltevaerket bidrager veesentligt
til effektkategorien ’respiratory inorganics’. Denne effektkategori indbefatter pavirknin-
gerne af menneskers andedret fra uorganiske stoffer sdsom partikler og svovldioxid der
typisk forarsages af forbreendingsprocesser. Det starste bidrag fra smelteveerket i Gran-
land er svovldioxid, og som konsekvens heraf hejses et redt flag. Det farer til at vi anbe-
faler at menneskelige sundhedsaspekter medtages i den strategiske miljgvurdering eller i
en separat sundhedsvurdering (HIA).

En anden mulig beteenkelighed udgares af hydrogenfluorid (HF)-emissioner. Med min-
dre der sker en eksponering af meget hgje doser, har vi ikke fundet indikationer pa vee-
sentlige pavirkninger pa menneskers sundhed; men hvis risikoen for bioakkumulation
tages i betragtning anser vi det for ngdvendigt at diskutere dette som et input til den
strategiske miljgvurdering eller sundhedsvurdering. Denne betaenkelighed fremgar ikke
af livscyklusvurderingen som sadan men er et resultat af litteraturstudier foretaget som
en del af livscyklusvurderingen.

Andre effektkategorier: Livscyklusvurderingen indeholder yderligere en screening af
15 andre miljgeffektkategorier — deriblandt ozonnedbrydning, naturbeslagleeggelse, for-
suring, fotokemisk ozondannelse, mm. (se afsnit 11.2). Disse effektkategorier er ikke
blevet undersggt i detaljer, men vurderingen peger primert pa, at falgende effektkatego-
rier som potentielt vaesentlige:

¢ Naturbeslaglaeggelse

e Humantoksicitet

e Uorganiske partikler, der pavirker andedrettet.

| forbindelse med naturbeslaglaeggelse stammer beteenkeligheden fra en kvalitativ vur-
dering og ikke den kvantitative vurdering baseret pa Stepwise LCIA metoden. Det er
kritisk at omdanne og beslaglegge omrader i et urart og sandsynligvis falsomt miljg i
Grgnland, og der hejses derfor et radt flag.
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| forbindelse med humantoksicitet viser vores analyser, at bidraget knytter sig primaert
til udvindingsomrader, radt ler og affaldsdeponeringer, hvor overfarslen til mennesker
er relativt ubetydelig.

For uorganiske partikler der pavirker andedrattet knytter det stgrste bidrag sig til svovl-
dioxid, partikler og kveelstofoxider. Disse emissioner forarsages primart af elektrolyse-
processen, skibstransport af ramateriale og fra aluminaproduktion. Det skal dog bemaer-
kes at den relative betydning sandsynligvis bliver overvurderet i analysen, idet emissio-
nerne primeart fremkommer i afsides omrader med meget begraenset eksponering for
mennesker.

Det skal noteres at ovennavnte vurdering kun afspejler en screening og at andre effekter
kan vise sig at veere lige sa betydelige eller mere. Effekten pa kultur og sociale aspekter
udger en anden vigtig problemstilling, og det er afggrende at laeeseren henvises til den
strategiske miljgvurdering for en mere omfattende vurdering af lokale, miljgmaessige og
sociale effekter knyttet til det planlagte smelteveerk i Grgnland.
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Summary in English

The present report is a detailed study of the environmental impacts, seen in a life cycle
perspective, of an aluminium smelter with an annual capacity of 360,000 tonnes
planned for instalment in West Greenland. The study is initiated by Alcoa and the Gov-
ernment of Greenland. The smelter is still in the planning phase, and will not be operat-
ing before 2014, at the earliest.

The study applies the Life Cycle Assessment (LCA) method and it mainly focuses on
greenhouse gas (GHG) emissions, or carbon footprint to use a catchier phrase. The fo-
cus on GHG emissions is partly a result of the requirements from the commissioner of
the study and partly due to the fact that the LCA forms part of a strategic environmental
assessment (SEA) in which other types of impacts are assessed separately. Other impact
categories such as ozone depletion, acidification, eutrophication, eco-toxicity, and hu-
man toxicity are included in the present study and presented as part of the results, but
are not assessed as detailed as GHG emissions and are therefore subject to considerable
uncertainties.

The objective of the LCA is to provide life cycle-based environmental information on
the planned aluminium smelter in relation to the strategic environmental assessment
(SEA) process, which is ongoing from 2007 to 2009 (Greenland Home Rule 2007).

The Government of Greenland has commissioned the LCA study, and the target audi-
ence involves all interested parties, directly or indirectly involved in the SEA process.
This includes the Government of Greenland, Alcoa, citizens of Greenland, citizens of
Maniitsoq in West Greenland, where the proposed aluminium smelter is to be situated,
and NGOs. The results of the LCA study are also of interest to the negotiating parties,
including Denmark and Greenland, in the new climate agreement, which is to replace
the Kyoto Protocol.

This summary is divided into three parts. The first part is the background section that
describes the context and purpose of the LCA, while the second part explains the scope
of study as well as important methodological considerations and choices. The third part
presents the main results of the study. These include the estimated GHG emissions of
the planned aluminium smelter in Greenland, and GHG emissions related to an alterna-
tive aluminium production. The alternative is assumed to be implemented if the
Greenland smelter is not established, or to be avoided if the project continues as
planned. Finally, part three comprises a sensitivity analysis highlighting the uncertain-
ties of the LCA results.
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According to the 1SO 14044 standard, an LCA study should undergo a critical panel
review if the results are meant to be used to support a comparative assertion intended
for public disclosure. The present report has therefore been subject to a panel review
from 20" April to 3 July 2009. Mark Goedkoop (PRé Consultants) has been selected
by Klaus Georg Hansen (Government of Greenland) as an external independent expert
to act as a chairperson. Mark Goedkoop has independently selected two other interested
parties. These are: Eirik Nordheim (EAA, European Aluminium Association) and Pas-
cal Lesage (Sylvatica). The review, including the authors’ comments, is available in
Review panel report, including the authors’ comments.

Background

Aluminium is a non-ferrous metal and its production requires a significant amount of
electricity. According to the International Aluminium Institute (1Al), 1 tonne of virgin
aluminium represents, on average, an emission of 10 tonnes of CO2e, including mining
and alumina production (see also literature review in section 2). This corresponds ap-
proximately to the GHG emissions from one average person during one year in Europe.
Hence, according to the IAIl data, the proposed smelter represents GHG emissions
equivalent to the emissions from approximately 360,000 persons in Europe during one
year (or 3.6 million tonnes of CO2e annually). This is a significant contribution to
Greenland’s total Carbon Footprint (GHG emissions), and one of the reasons for the
commissioning of the present study.

Electricity generation for the planned smelter will be based on two hydropower plants,
which will be constructed for the same purpose. In terms of global warming, this is a
great advantage, but the construction and operation of hydropower plants also produce
GHG emissions. Furthermore, emissions also take place at other life cycle stages, as
well as during the production of auxiliary materials (e.g. anodes), during transport, and
during the construction of capital goods, such as buildings, machinery, and other types
of infrastructure required. To obtain a reliable assessment, it is therefore necessary to
make a comprehensive analysis that unveils a representative set of consequences, at all
lifecycle stages, and in a larger perspective in which we include aluminium production
that is avoided (globally) due to the construction of the Greenland smelter.

Purpose of study: The LCA is made as part of a Strategic Environmental Assessment
(SEA). SEAs require that the main alternative is compared with “reasonable alterna-
tives” (Directive 2001/42/EC of the European Parliament and the Council on the As-
sessment of the Effects of Certain Plans and Programmes on the Environment). Hence,
the primary purpose of the LCA is to assess and to document the potential environ-
mental impacts with a focus on GHG emissions from the following alternatives:

e Alternative 1: the establishment of an aluminium smelter in Greenland (Alcoa)
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o Alternative 0: not establishing the aluminium smelter in Greenland; this means
that an equivalent capacity will be installed in another location in the world, and
that it may be commissioned by another company. This is also referred to as the
marginal production in the present analysis.

Alternative 1) above refers to the main alternative in the strategic environmental as-
sessment carried out by the Government of Greenland, and 0) refers to the 0 alternative.

The fact that the 0 alternative is represented by aluminium production in another loca-
tion in the world is based on the assumption that aluminium production is driven by the
global demand for aluminium. Thus, the decision to approve the aluminium smelter in
Greenland will have the effect that a corresponding capacity will not be installed else-
where. The 0 alternative represents the most likely location and technology that will be
installed if the Greenland smelter is not installed. Alcoa may be able to identify another
location with access to renewable energy as in the Greenland case, and thereby achieve
similar low GHG emissions. However, it is out of the scope of the present study to de-
termine whether Alcoa will search for another location if the Greenland smelter is not
approved. Therefore, the present study only compares the specific proposed smelter in
Greenland (alternative 1) with the most likely alternative capacity that will be installed
elsewhere by an unspecified actor on the market (alternative 0).

Hence, the outcome of any decision made as part of the strategic environmental assess-
ment process in Greenland can only affect local alternatives, such as local location and
waste treatment etc., in the location in which new aluminium smelter capacity is in-
stalled.

It should be noted that a decision of establishing the smelter in Greenland (Alternative
1) also means that Alternative 0 is avoided, according to the mentioned assumptions
about the global supply and demand situation on the aluminium market. The global
change in GHG emissions, which results from placing an aluminium smelter in
Greenland, is therefore Alternative 1 minus Alternative 0.

Methodology and scope

A life cycle assessment (LCA) is an evaluation of the potential impacts of all emissions
arising throughout the life cycle of a product or a service. The LCA is made in accor-
dance with the requirements in the 1SO standards 14040 and 14044.

Functional unit and life cycle stages: The unit of study (also known as the functional

unit) is 1 kg of virgin aluminium. The LCA involves the life cycle stages; Bauxite min-
ing, alumina production, and aluminium production. Other downstream processes, such
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as sheet and foil production or aluminium production for consumer products and related
waste disposal/reuse/recycling stages, are not included in the study. This is because the
study is based on the assumption that the global production volume of aluminium is not
affected by the decision whether to build the aluminium smelter in Greenland or not,
and hence, the global amount of aluminium waste will not be affected.

It should be acknowledged that the use of aluminium can reduce the environmental im-
pacts of other products, such as cars, significantly. The main reason is that aluminium
has a low density, while being relatively durable. Furthermore, aluminium is ideal for
recycling, which reduces the GHG emissions per kg by 90-95%. These considerations
are, however, not relevant here, considering the purpose and scope of the present study.

Emission types: It has been chosen to categorise the GHG emissions as scopes 1, 2 and
3 according to the Greenhouse Gas Protocol from WRI and WBCSD (WRI and
WBCSD 2004).

Scope 1 is the direct emissions from the smelter, which will be the main concern for
Greenland in the perspective of the Kyoto Protocol. Scope 2 includes the GHG emis-
sions from purchased electricity (and heat), which, in the case, of Greenland will in-
volve the direct emission from the hydropower plants. The latter will only include GHG
emissions of the water reservoirs, which are relatively insignificant. We have therefore
also included indirect GHG emissions, related to the construction and operation of the
hydropower plant in scope 2. Scope 3 includes all other emissions such as those related
to mining, alumina production, transport, production of anodes, auxiliaries, etc.

Data for Greenland Smelter (alternative 1): As the aluminium smelter is not operat-
ing yet, data has been obtained from other smelters with a similar type of technology as
the one assumed for Greenland. In this regard, Alcoa has provided data for their alumin-
ium smelters in Iceland and Deschambault in Canada. The plant construction in Iceland
is probably most similar to the proposed Greenland smelter, because it is the newest
plant and because it does not produce anodes — similar to the planned smelter in
Greenland. However, in some cases, it has been considered better to use the data from
Deschambault, because the Iceland plant has just finished the start-up process and data
may not be representative of stable operations in terms of some parameters.

Data for marginal production of aluminium (alternative 0): As mentioned, electric-
ity consumption does, under normal circumstances, represent the largest contribution to
GHG emissions in the life cycle of virgin aluminium. For the O Alternative, reflecting
the alternative production of aluminium, it has therefore been pivotal to obtain reliable
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data for energy sources used for electricity generation — which again depends on the
smelter location and the affected energy sources within the specific region.

A comprehensive analysis is carried out in section 4 to estimate the alternative (mar-
ginal) location of the smelters. Large uncertainties are involved, and a number of sce-
narios have been developed that reflect different methods and data sources (method and
data triangulation). The ‘recommended scenario’ suggests that the alternative location
will be a combination of three regions (composite marginal), represented by China by
60%, the Commonwealth of Independent Nations (CIS)° by 22%, and the Middle East
(ME) by 18%. As electricity production in China is dominated by coal, the marginal
electricity mix becomes 62% coal, 29% hydropower and 9% gas, of which half is alter-
natively assumed to be flared in CIS and the Middle East.

Despite the large number of scenarios, methods, and data sources used, most of the sce-
narios show rather similar results concerning the marginal electricity mix — with most
electricity being based on coal followed by hydropower and gas, in that order. However,
less reliable and significantly different scenarios have also been found. This part is
elaborated in section 5 and is also reflected in the sensitivity analysis in this summary.

In addition to the considerations about affected energy sources for electricity generation,
the analysis reflects technological differences between the relevant regions — both re-
garding smelter technologies and energy technologies. The study therefore considers
other aspects, such as the fact that, e.g., Chinese power plants are less efficient than
power plants in Western Europe and that they have different flue gas treatment tech-
nologies. For grid electricity used at other life cycle stages (e.g., bauxite mining and
alumina production), a separate analysis is carried out that estimates the marginal grid
electricity in all relevant regions/countries of the world. This is elaborated in section 6.
The reason for distinguishing between electricity to smelter and other processes/stages
is based on the fact that aluminium smelters, due to their high electricity consumption,
have special contracts with power plants or even a large proportion of self-generated
electricity, which arguably makes their electricity mix different from other less energy-
consuming industries — even within the same region.

Results and perspectives

The main results for Alternative 1 (Greenland smelter) and Alternative O (alternative
supply of aluminium) are presented in the following. The results are further described in
section 11.

> Mainly Russia
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GHG emissions from smelter in Greenland (Alternative 1): The LCA carried out in
this study estimates that the planned aluminium smelter will represent a contribution to
global warming equivalent to 5.92 kg of COZ2e per kg of produced virgin aluminium.
Hence, scaling up to the planned annual production of 360,000 tonnes, the total annual
contribution is estimated at 2.13 million tonnes of CO2e.

Scope 1 emissions are direct process emissions from the smelter. These amount to 1.66
kg of CO2e per kg of virgin aluminium, which is mainly related to the consumption of
the anode, and, to a very limited extent, PFC emissions. The total annual scope 1 emis-
sions relating to a production of 360,000 tonnes of aluminium will sum up to 597,000
tonnes of CO2e.

Scope 2 emissions are related to the generation of electricity at the hydropower plants.
This amounts to 0.140 kg of CO2e per kg of virgin aluminium, including the construc-
tion and operation of hydropower plants and emissions from reservoirs. This is equiva-
lent to an annual emission of 50,200 tonnes of CO2e.

Scope 3 emissions, related to the smelter stage, mainly include emissions from anode
production, transport, services, as well as minor emissions related to waste treatment,
etc. These amount to 1.09 kg of CO2e per kg of virgin aluminium, or 391,000 tonnes of
CO2e, annually. The total emissions (scopes 1, 2 and 3) related to the smelter stage
amount to 2.88 kg of CO2e per kg of virgin aluminium or 1.04 million tonnes of COZ2e,
annually.

The emissions that take place within Greenland, which include the process emissions
from the smelter, are estimated at 597,000 tonnes of COZ2e. This corresponds to 85% of
Greenland’s current GHG emissions, which are approximately 700,000 tonnes® of
CO2e.

To reach the total of 5.92 kg of CO2e per kg of virgin aluminium, we need to include
the bauxite mining stage, which represents 0.144 kg of COZ2e per kg, and the alumina
production representing 2.89 kg of CO2e per kg, of which the major part is related to
heat energy (based on fossil fuels).

Compared to other smelters, the GHG emissions from the Greenland smelter are signifi-
cantly lower — mainly due to the use of hydropower. The GHG emissions related to the
aluminium production of other smelters are described in the next section.

® According to UNFCCC (2009), the fossil-based CO, emissions in Greenland in 2006 were 682,000
tonnes of CO2e. Based on this, the annual CO2e emission in Greenland today is estimated at 700,000
tonnes of CO2e.
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GHG emissions from alternative production (Alternative 0): The analysis of the
environmental impacts of the marginal aluminium production, which will be imple-
mented if the Greenland smelter is not constructed, shows that this will represent 20.7
kg of CO2e per kg of virgin aluminium, or 7.47 million tonnes of CO2e per year, pre-
suming that 360,000 tonnes of aluminium would be produced in an alternative location.
The main reason behind the large contribution is the electricity consumption, which is
based on 62% coal, 29% hydropower, and 9% gas (of which half would alternatively be
flared). In this scenario, more than 70% of the GHG emissions originate from the elec-
tricity production. For the Greenland smelter, this is only approximately 2%.

It is important to stress that the uncertainties related to the results of Alternative 0 are
significant. It is not possible to know the exact location of the marginal production or
the actual energy sources affected. A large number of sensitivity analyses have therefore
been made of alternatives to the recommended scenario. These sensitivity analyses
show GHG emissions between 11.6 kg of CO2e per kg of virgin aluminium, represent-
ing a production mainly based on hydropower in CIS/Russia, and 29.2 kg of CO2e per
kg of virgin aluminium, representing a production in China based on 100% coal. As we
cannot rule out any of the scenarios, the results can also be presented as 20.7 * approx.
9 kg of CO2e per kg of virgin aluminium for Alternative 0. This is further elaborated in
section 11.1.

Global change in GHG emissions (Alternative 1 minus Alternative 0): The total
change in GHG emissions (in a global perspective) resulting from the placement of an
aluminium smelter in Greenland will be the impacts of Alternative 1 minus Alternative
0, i.e. the impacts caused by the smelter in Greenland minus the impacts of placing the
aluminium smelter in another location in the world. If we include the uncertainty range
explained above, this means that the total change in GHG emissions as a result of im-
plementing the Greenland smelter will cause savings of 2.05 to 8.36 million tonnes of
CO2e annually (or savings of 5.34 million tonnes of CO2e annually, if we use the sug-
gested scenario for Alternative 0). In other words, the Greenland smelter will imply that
we avoid GHG emissions of about 5 + 3 million tonnes of CO2e annually, in a global
perspective.

Since Greenland’s annual CO2e emissions are approximately 700,000 tonnes of COZ2e,
the planned smelter has the potential for reducing global GHG emissions by 3 to 12
times Greenland’s current GHG emissions, despite a nearly doubling of the domestic
GHG emissions occurring in Greenland. In this respect, it should be stressed that the
consequences of GHG emissions are independent of the location where they occur.
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It is possible that equally carbon friendly alternatives (to the Greenland smelter) exist
and could be chosen by Alcoa. This includes smelters in areas where it is possible to use
100% hydropower or 100% gas which otherwise would be flared, e.g., in regions such
as Russia/Siberia, Africa or the Middle East. However, the present study does only
compare the Greenland smelter with no Greenland smelter. Specific alternatives to the
Greenland smelter planned by Alcoa are not considered. Instead, the study compares the
Greenland smelter with the most likely alternative capacity that would be installed
somewhere else as a reaction to changes in the demand for aluminium.

Human Health aspects in Greenland: The study includes a tentative assessment of
human health impacts in Greenland — but only related to the external environment (not
occupational heath and safety). The assessment shows that the smelter provides a sig-
nificant contribution to the impact category ‘respiratory inorganics’. Respiratory inor-
ganics include respiratory effects on humans (from inorganic substances such as parti-
cles and sulphur dioxide) typically caused by combustion processes. The main contribu-
tion from the Greenland smelter is sulphur dioxide, which consequently raises a red
flag. This means that we recommend that human health aspects are considered in the
strategic environmental assessment (SEA) or in a separate Health Impact Assessment
(HIA).

Another potential concern is emissions of hydrogen fluoride (HF). Unless exposed to
very large doses, we have not found indications of significant impacts on human health;
but considering the possibility of bioaccumulation, it has been considered necessary to
discuss this matter as an input to the SEA or HIA. The concern has not been raised by
the LCA as such, but is a result of literature studies and interviews conducted as part of
the LCA.

Other impact categories: The LCA has also provided a screening of 15 other environ-
mental impact categories — including ozone depletion, nature occupation, acidification,
photochemical ozone formation, etc. (see section 11.2). These impacts have not been
scrutinized in detail, but the assessment mainly points towards the following impact
categories as potentially important:

¢ Nature occupation

e Human toxicity

e Respiratory inorganics

Concerning nature occupation, the concern mainly originates from a qualitative assess-
ment, and not the quantitative assessment based on the Stepwise LCIA method. Trans-
forming and occupying land in a pristine and probably sensitive environment in
Greenland is critical and does raise a red flag.
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Concerning human toxicity our analysis suggests that the contribution is mainly related
to mining fields, red mud, and landfill sites, where the transfer to humans is relatively
insignificant.

For respiratory inorganics, the main contribution comes from sulphur dioxide, particu-
lates, and nitrogen oxides. The emissions are mainly caused by the electrolysis process,
the ship transport of raw materials, and the alumina production. It should be noted,
however, that the relative importance is likely to be overestimated in the analysis, as the
emissions mainly occur in remote places with little human exposure.

It is important to note that the above assessment only reflects a screening and that other
impacts could be equally or more important. The impact on cultural and social aspects is
another important issue, and it is crucial that the reader addresses the SEA for a more
comprehensive assessment of the local, environmental and social impacts related to the
planned Greenland smelter.
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