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Tillaga til pingalyktunar: Stefna Islands i malefnum nordursl6da

750. mal, pingsélyktunartillaga utanrikisrddherra

Nattaruverndarsamtok islands fagna pessari pingsalyktunartillogu um stefnu islands i
malefnum Nordursloda. Tillagan er mikilbot fra fyrri pingsalyktun sem sampykkt var &
Alpingi ario 2011.

Nattaruverndarsamtokin lysa einkum &nagju sinni med 8. lid pingséallyktunartilldgunnnar par
sem segir:

8. Ad leggja aherslu & ad draga Ur notkun jardefnaeldsneytis & nordursl6dum, par
a4 medal hetta brennslu svartoliu i siglingum, ad bata adgengi ad endurnyjanlegum
orkugjofum og efla adgerdir sem tryggja orkuskipti.

Til skamms tima er bann vid bruna og flutningi svartoliu & Nordurslédum ein 6flugasta og
fljotvirkasta loftslagsadgerdin sem heagt er ad gripa til. Annars vegar vegna pess ad sétagnir
sem losna Gt i andramsloftid hafa mikinn hlynunarmatt par ed sétid dekkir is og jokla og
hrada pannig bradnum. Hins bdginn eru loftslagasahrif sots tiltélulega skammvinn og pvi
getur svartoliubann frestad breytingum vegna hlynunar & Nordurslédum um ein 20 ar. bad er
bvi til mikils ad vinna.

Beri slys ad hondum er naer vonlaust ad hreinsa svartoliu Gr hafinu. ba ber einnig ad hafa i
huga sleem ahrif sots & heilsufar folks.

Svartoliubann

Fré arinu 2011 hefur svartolia verid bonnud sunnan 66. breiddargradu samkvemt akvoroun
Alpjooa-siglingamalastofnunarinnar. Mun tregar hefur gengio ad fa slikt bann sampykkt &
Nordurslédum. Medal annars vegna skorts & samstodu i Nordurskautsradinu par sem
islendingar gegna ni formennsku. Fyrst og fremst eru pad Russar sem standa i vegi fyrir
banni.

I nbvember 2020 - einum aratug eftir ad Nordurskautsradid fyrst akvad ad oliuslys varu
helsta 6gnin sem stafadi fra skipaumferd - sampykkti Alpjédasiglingamala-stofnunin loks
bann vid flutningi og bruna svartoliu 4 Nordursl6dum fra og med 2024 en vegna undanpagna



og undantekninga geti bruni svartoliu haldid afram aukast til arsins 2029. A &arunum 2015 -
2019 hefur losun sétagna fra siglingum um Nordurslédir aukist um 72% fra skipum sem
brenna svartoliu og um 85% fra 6llum skipum sem sigla um Nordurslédir

Nyverid kynnti Noregur tillogu um ad banna svartoliu algerlega vid Svalbarda. Verdi tillagan
sampykkt verdur ekki einungis bannad ad skip brenni svartoliu heldur verdur einnig bannad
ad skip hafi svartoliu innanbords. par med getu til demis skemmtiferdaskip sem brenna
svartoliu ekki siglt til Svalbarda og slokkt a svartoliukétlunum 4 medan heimsokninni
stendur.

Tillaga norskra stjérnvalda gengur mun lengra en si reglugerdarbreyting sem
umhverfisrddherra undirritadi fyrir ari og segir jafngilda banni vid svartoliu innan 12 milna
landhelgi fslands. Munurinn felst i pvi ad innan islensku landhelginnar geta skip afram siglt
med og brennt svartoliu ef pau ,,nota vidurkenndar adferdir til ad draga ur losun, sbr. 12. gr.”.

I greinargerd segir:

Brynt er ad vinna gegn mengunarogn i nordurhéfum, svo sem afvdldum oliuleka,
eiturefna, geislavirkra efna eda plastirgangs. Ef olia lekur i hafid 4 nordurslédum
getur han setid i langan tima i umhverfinu og valdid miklum skada & lifriki par sem
han brotnar mjog heaegt nidur, auk pess sem hafis, kuldi og sl&em vedurskilyrdi geta
torveldad hreinsun. Notkun svartoliu i skipasiglingum & nordurslédum er sérstakt
ahyggjuefni. Ekki er adeins mjog erfitt ad hreinsa upp svartoliu ef mengunarslys
verdur & hafi heldur losnar meira af s6ti og mengunarefnum 0t i andramsloftid vid
brennslu hennar en annarra oliutegunda. S6tmengun i andramslofti 6gnar heilsu
manna og sétagnir sem setjast & isbreidur hrada auk pess hlynun med pvi ad draga i
sig varma og flyta bradnun. I adgerdaaztlun islands i loftslagsmalum er kvedid & um
ad krofur um eldsneytisnotkun i islenskri landhelgi verdi afram hertar til ad draga ur
notkun svartoliu og tok reglugerd pess efnis gildi i byrjun &rs 2020. Mikilvaegt er ad
nordurskautsrikin leggist & eitt um markvissar adgerdir til ad draga ur og & endanum
banna brennslu og flutning svartoliu i nordurh6fum, og beiti sér i pa veru & vettvangi
Alpjodasiglingamalastofnunarinnar. Leggja parf dherslu & vistveen orkuskipti i
samgdéngum jafnt & sjd, landi og i lofti.

Fra arinu 2011 hefur svartolia verid bonnud sunnan 66. breiddargradu samkvemt akvéroun
Alpjooa-siglingamalastofnunarinnar. Mun tregar hefur gengid ad fa slikt bann sampykkt &
Nordursl6dum. Medal annars vegna skorts a samstdédu i Nordurskautsradinu par sem
islendingar gegna ni formennsku. Fyrst og fremst eru pad Russar sem standa i vegi fyrir
banni.l

1Almenn satt rikir um ad minni og eindngrud samféloég & Nordurslé6dum sem eiga einskis
annars drkosti en ad brenna svartoliu sér til lifsvidurveris verdi undanpegin banni.



Sja i vidhengi bréf Nattlruverndarasamtaka islands til umhverfisradherra, dags. 9. ndvember
sl. Bendum einkum & aform norskra stjérnvalda um ad banna svartoliu vio Svalbarda. Slikt
bann myndi ganga mun lengra en su reglugerd sem umhverfisrddherra undirritadi i desember
20109.

Sja einnig i vidhengi stutt yfirlit um visindin, yfirlysingar utanrikisradherra
Nordurskautsradsins 2013 og 2015 og alyktun Nordurlandarads um bann vid svartoliu.
Ennfremur um starf Natturuverndarsamtakanna med High Seas Alliance.

Sja loks vidhengi greinargerd Bryans Comers o.fl. fra september 2020 um tregdu eda
viljaleysi Alpjodasiglingamala-stofnunarinnar (IMO) til ad banna svartoliu & Nordurslédum. |
nigurstédum segir:

We found that, had the proposed HFO ban been in place in 2019, exemptions and
waivers would have allowed as much as 70% of HFO carriage and 84% of HFO use
to remain in the Arctic. Put the other way, the proposed HFO ban, as written, is
expected to ban only 30% of HFO carriage and 16% of HFO use. In this case, BC
emissions would be reduced by only 5%.

Afar mikilveegt er ad Alpingi alykti um mikilvaegi pess ad bruni og flutningur & svartoliu &
Nordurslédum verdi bannadur hid fyrsta. Ennfremur, ad sampykkt verdi alyktun & nasta
radherrafundi Nordurskautsradsins, pegar Island Iykur formennsku i radinu i vor og Russland
tekur vid; alyktun sem myndi sterklega enduréma i sélum IMO i London.

Virdingarfyllst,
f.h. Nattaruverndarsamtaka islands

Arni Finnsson
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Iskyggileg préun & Nordurslédum

A Nordurslédum hafa ni ordid breytingar sem ekki hafa sést adur. Sifellt verdur brynna ad
gripa til adgerda sem minnka par ahrif mannsins og efla verndun umhverfisins. Til skamms
tima er 6flugasta adgerdin sem hagt er ad gripa til st ad banna algjorlega bruna og flutning a
svartoliu. Hana er afar erfitt ad hreinsa ur hafinu ef slys ber ad héndum og svartoliunotkun
hradar mjog bradnun iss ogjokla med Gtblaestri s6tagna vid bruna.

Nattiruverndarsamték islands benda & frétt1fra norska umhverfis- og loftslagsraduneytinu
um aform norskra stjérnvalda um ad banna skipum ad sem sigla til Svalbarda ad brenna
svartoliu. Gangi pessi &form norskra stjérnvalda er gengid lengra en gert var med
reglugerdarbreytigu um hertar krofur vardandi eldsneyti i islenskri landhelgi og kéllud hefur
verid bann vid notkun svartoliu innan landhelgi islands.

Fréa arinu 2011 hefur svartolia verid bénnud sunnan 66. breiddargradu.

Til ad vernda Nordurslodir 16gdu Finnland, Holland, island, Noregur, Nyja Sjaland, Svipj6d
og byskaland fram tilldgu ario 2018 pess efnis ad Alpjdda-siglingamalastofnunin (IMO)
bannadi notkun og flutninga & svartoliu um Nordurslodir (,,Arctic waters®). [ tillégu rikjanna,
a skjal MEPC 72/11/1, segir ad ,,a single HFO1spill could have devastating and lasting
effects on fragile Arctic marine and coastal environments®.”

Hinn 18. ndvember nk. &tlar Alpjéda-siglingamalastofnunin ad fjalla um drég ad reglugerd
sem @&tlad er ad banna badi bruna svartoliu sem eldsneytis og flutninga med svartoliu &
Nordurslédum - en reglugerdardrégin eru afar veikburda. bau verdur ad styrkja.

Rannsoknir syna ad eins og drdgin eru nl geetu 74% skipa sem brenna svartoliu &
Nordurslédum haldid &fram eins og ekkert hefdi i skorist. Par af leidandi mundu flutningar
med svartoliu einungis minnka um 30% og samdrattur i bruna svartoliu sem eldsneytis mundi

1 HFO, skammstéfun fyrir Heavy Fuel Oil, svartolia.



einungis dragast saman um 16% pegar reglugerdin tekur gildi arid 2024 midad vid arid 2019.
Samdrattur i losun sétagna (e. black carbon) yrdi ekki meiri en 5%.

Gefur auga leid ao fyrirliggjandi drog koma ekki ad miklu gagni.

Fyrirsjaanlegt er ad a timabilinu 2024-2029, fra pvi bannid tekur gildi. aukist enn bruni
svartoliu og svartoliumagn sem flutt er um Nordurslodir.

P& er ad athuga ad eins og drdgin eru ordud na verdur umhverfisvernd og eftirfylgni &
Nordurslédum tviskipt par ed skip sem sigla undir fana Bandarikjanna, Kanada, Noregs,
Danmerkur og Russlands - rikjanna sem eiga land ad nordurskautinu - verda undanpegin
banninu par ed skip skrad i strandrikjunum fimm geta fengid undanpagu fra pvi.

A fundi nefndar IMO um verndun hafsins (e. Marine Environmental Protection Committee)
sem haldinn verdur sidar i pessum méanudi hafa adildarrikin tekifeeri til ad leggja fram
breytingartillogur vid reglugerdardrdgin; ad gera pau akvednari og skyrari adur en
reglugerdin verour endanlega sampykkt.

Med pvi ad fella nidur eda takmarka undanpégur er liklegra ad bannid vid svartoliu &
Nordurslédum hafi tileetlud ahrif, likt og ofannefnd tillaga islands og fleiri rikja fol i sér.

Nattaruverndarsamtok islands telja afar brynt ad hrada mjég allri vinnu & vettvangi IMO til
ad draga ur losun sots (black carbon) vid bruna svartoliu.

I millitidinni atti IMO ad vinna ad alyktun um losun sots fra bruna svartoliu sem hvetur til
adgerda par til bannid tekur gildi.

Nattiruverndarsamték islands skora & umhverfisradherra ad gera allt sem i hans valdi stendur
innan IMO, i samstarfi vio adrad pjoair, til ad hreinsa hvers kyns undanpagur i peim drogum
sem MEPC mun fjalla um i nastu vikur. Drdgin eru évidunandi.

Virdingarfyllst,

f.h. Nattdruverndarsamtaka Islands,

Arni Finnsson1

1Sja einnig hér: https://thebarentsobserver.com/en/arctic/2020/11/ban-heavy-fuel-oil-coming-all-svalbard
IIMEPC 72 was a turning point for the discussion since a group of Arctic and non-Arctic states (Finland,
Iceland, Norway, Sweden, the United States, together with Germany, the Netherlands, and New Zealand) jointly


https://thebarentsobserver.com/en/arctic/2020/11/ban-heavy-fuel-oil-coming-all-svalbard

proposed a mandatory ban on HFO use as fuel in Arctic shipping and urged MEPC to consider an appropriate
timeline (IMO 2018b). In light of the implementation of a global sulphur limit of 0.50% by 2020 (IMO 2016h),
it was recommended that the HFO ban commence by the end of 2021, which would encourage switching to
marine distillate fuels. While Canada and Marshall Islands felt the objectives of the ban were consistent with
their desire to protect the Arctic, they argued that the impacts on Arctic communities and economics should be
taken into account when developing HFO measures (IMO 2018c). NGOs supported the mandatory ban and
further sought clarity in the definition of HFO and the geographical area of the ban (IMO 2018d, 2018¢).3 The
Russian Federation proposed several measures, other than aban on HFO use as fuel, including navigational
measures, ship operational measures, infrastructure and communication, emergency preparedness and early
detection of oil spills, and training (IMO 2018f). It viewed the ban as significantly impacting maritime trade and
negatively affecting the balance between economic development and environmental protection (IMO 2018g). In
summary, MEPC 72 approved PPR’s continued work to develop a definition of HFO taking into account
Regulation 43 of MARPOL Annex 1, prepare guidelines on mitigation measures to reduce risks identified by
the Russian Federation, and develop a ban on HFO for use and carriage as fuel by ships in Arctic waters within
a rational timeline and premised on an impact assessment (IMO 2018h). MEPC was advised to develop an
appropriate impact assessment methodology to enable the PPR to proceed with this work.

The Regulation of Heavy Fuel Oil in Arctic Shipping: Interests, Measures, and Impacts
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Bann vid bruna svartoliu

Talid er ad leekkun i 0,1% brennisteinsinnihald i skipaeldsneyti dragi dr losun séts vegna
bruna svartoliu um 50%. Adalatridid er ad ekkert eftirlit er med hvort skip brenni svartoliu
innan 12 milna landhelgi Islands. Sennilega brenna pau afram svartoliu utan landhelgi.

Sja til frooleiks nylega grein eftir Mario Molina,1Veerabhadran Ramanthan og Durwood J.
Zaelke. I grein premenninganna segir:

Consequently, it is timeforfast climate mitigation, especially in the form ofreductions ofthe
short-lived so-called “super-pollutants "—black carbon, methane, tropospheric ozone, and
hydrofluorocarbons, abbreviated as HFCs. (Black carbon is the sooty, dark material emitted
by coal-firedpower plants, gas and diesel engines, and other sources. Its heat-trapping
power is twice what was thought only afew years ago, a report in the Journal ofGeophysical
Researchfound.) Speed must become the key measure ofall climate mitigation strategies: a
speedy reduction ofglobal warming before it leads tofurther, self-reinforcing climate change
feedbacks and tipping points; a speedy deployment o fmitigation actions and technologies;
and getting this all up to scale in a speedy manner.

Undirstrikanir eru minar.
I radherrayfirlysingu Nordurskautsradsins2fra 15. mai, 2013 segir ad radherrarnir vidurkenni ad

.. reduction ofshort-lived climateforcers could slow Arctic andglobal climate change and
have positive effects on health, and welcome the report on short lived climateforcers and
support its recommendations including that national black carbon emission inventories for
the Arctic should continue to be developed and reported as a matter o fpriority,

Urge the Parties to the Montreal Protocol on Substances that Deplete the Ozone Layer to
take action as soon as possible, complementary to the UNFCCC, to phase-down the
production and consumption ofhydrofluorocarbons, which contribute to the warming ofthe
Arctic region,

Decide to establish a Task Force to develop arrangements on actions to achieve enhanced
black carbon and methane emission reductions in the Arctic, and report at the next
Ministerial meeting in 2015.

P& segir i yfirlysingu utanrikisrddherra Nordurskautsradsins (23. og 24. grein), ad loknum
fundi peirra ilqualut, Kanada, hinn 24. april 2015, ad peir

1Mario Molina hlaut N6belsverdlaunin i efnafraedi arido 1995 vegna rannsékna sinna & 6sonlaginu.
2 Kirunayfirlysingin.



Welcome the assessments and conclusions on black carbon, tropospheric ozone and methane
which provide a clear and compelling basisforfurther action on shortlived climate forcers in
the Arctic and beyond, as well as the successful work related to reducing black carbon
emissions from diesel and residential wood combustion,

Decide to implement the Frameworkfor Action on EnhancedBlack Carbon andMethane
Emissions reductions, establish an expertgroup reporting to Senior Arctic Officials to report
on our collective progress, and call upon observer states tojoin us in these actions given the
global nature ofthe challenge.

Loks mé geta alyktunar Nordurlandaradsfundarins i Helsinki 2. névember 2017, par sem
segir:

Nordisk rad rekommanderer de nordiske regjeringene
a fremme sikkerheten i sarbare havomrader langs de arktiske kyster, i seilrutene
under nasjonal jurisdiksjon, til eksempel ved & definere seilingsleder, adskille

motgéende trafikk og redusere hastigheten,

a arbeide sammen innenfor IMO ved kommende revisjon av den gjeldende
Polar Code, for & styrke sj*fartsikkerheten i Arktis,

a arbeide for et forbud mot anvendelse av tungolje (HFO) i arktisk skipsfart, og
pa sikt,
a stille krav om at drivstoff, som anvendes i arktisk skipsfart ved utslipp ikke er

skadelig for det marine miljoO,

a kartlegge redningsressursene i de arktiske kystomréader de nordiske land har
ansvar for, samt behovet for & styrke redningsressursene, og unders”ke om, og i s fall
hvordan, den kommersielle skipstrafikken i omradet kan bidra til & finansiere
kostnader ved & styrke redningskapasiteten.

pad best ég veit hefur Norrena radherranefndin hefur ekki brugdist vid pessari alyktun
Nordurlandarads.

P& mé geta &forma um rafvedingu hafna sem fela i sér s6lu a raforku til stérra
skemmtiferdaskipa sem sum hver brenna oliu & vido orkuporf sveitarfélags med 5000 ibla og
losa & orfint brennisteinssvifryk3a vid prja til fimmpuasund bila.

Faxafl6ahafnir hafa & undanférnum arum bodid landtengingarfyrir bata og minni skip. betta
verkefni markar pau timamot ad einnig verdur haegt ad tengja stor skip vid landrafmagn i
héfnum. A nastu arum aforma Faxafléahafnir ad hefja landtengingarfyrir skemmtiferdaskip,
en bygging dreifistddvar Veitna vid Seegarda erforsendapess verkefnis.

pessi &form um rafvading hafna hafa vakid athygli erlendis enda brynn malaflokkur4og

3 Sjavidtal vid Kare Press-Kristensen sem hingad kom avegum Clean Arctic Alliance.

4 Ferdamdla-, idnadar- og nyskdpunarradherra, bordis Kolbrun Reykjord Gylfadéttir svarar fyrirspurn a Alpingi
10. Desember 2018.
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mikilveegur lidur i ad uppfylla loftslagsskuldbindingar og markmid okkar um orkuskipti. &
hafi.

Nattaruverndarsamtdk Islands vinna med regnhlifarsamtokunum Clean Arctic Alliance5sem
hafa sett sér pad markmid ad bruni og flutningar a svartoliu verdir bannadir a nordurslédum
(PolarCode sem unnid er ad & vettvangi IMO.

Sunnan 66° hefur bruni og flutningar a svartoliu pegar verid bannadir.

Nattaruverndarsamtdk Islands og Clean Arctic hvetja islensk stjornvéld til ad beita sér einnig
fyrir svartoliubanni & vettvangi Nordurskautsradsins enda ljost ad samstada adildarrikjanna 8
er mikilveeg forsenda pess ad samstada naist & vettvangi IMO og - vonum vid - um bann vid
svartoliu innan 200 milna efnahagslogségu Islands og Granlands.

Alpjédasamfélagio hefur brugdist vid og hvetur til adgerda gegn skammlifum
grédurhusalofftegundum enda til mikils ad vinna. Islendingar geta nytt formennsku sina &
vettvangi Nordurskautsradsins og & vettvangi Alpjéda-siglingamélastofnunarinnar (IMO) i
samvinnu vid og samstédum med hinum adildarrikjum Nordurskautsradsins.

Virdingarfyllst,
f.h. Nattdruverndarsamataka Islands,

Arni Finnsson

5Upplysingar & islensku fylgja hlekknum.
6 Sja upplysingar fra IMO.
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EXECUTIVE SUMMARY

Heavy fuel oil (HFO) is the bottom-of-the-barrel leftovers from the oil refining process.
When spilled in a body of water, it can be nearly impossible to completely clean up,
and burning it emits more climate-warming black carbon (BC) than other fuels. Its use
and carriage has been banned in Antarctic waters since 2011. Recognizing the need

to also protect the Arctic from the risks of HFO, in 2018, Finland, Germany, Iceland,
the Netherlands, New Zealand, Norway, Sweden, and the United States proposed that
the International Maritime Organization (IMO) ban the use and carriage for use of
HFO in Arctic waters at the 72nd session of the IMO Marine Environment Protection
Committee (MEPC). Their proposal, contained in document MEPC 72/11/1, stated that
“a single HFO spill could have devastating and lasting effects on fragile Arctic marine
and coastal environments” (Finland et al.,, 2018, p.2).

In February 2020, delegates at the seventh session of IMO’s Pollution Prevention and
Response Sub-Committee agreed on draft text of the HFO ban. According to the draft,
the ban would start to apply in July 2024, but exemptions and waivers would allow
some ships to continue to use HFO until July 2029. In this study, we estimated the
amount of HFO that the ban, as currently proposed, would have allowed to be carried
and used via exemptions and waivers had it been in place in 2019. We then determined
the effect on BC emissions. This analysis assumed that all ships eligible for exemptions
and waivers would use them, and that ships would not reflag or alter their routes to
take advantage of the waivers clause.

This work is important as HFO use in the Arctic is increasing. We used 2019 terrestrial
and satellite Automatic Identification System (AlIS) data from exactEarth and ship
technical characteristics information from IHS Markit to identify ships in the Arctic. We
estimated how much fuel they carried and used and how much BC they emitted. We
found that between 2015 and 2019, HFO carriage increased 19% and HFO use increased
75%. During this time, oil tanker HFO use in the Arctic grew by approximately 300%,
BC emissions from HFO-fueled ships grew 72%, and BC emissions from the entire
Arctic fleet increased by 85%.

Results show that the proposed HFO ban would have allowed 74% of the HFO-fueled
fleet to continue to use HFO in the Arctic. As a consequence, the HFO ban would
have eliminated only 30% of HFO carriage and 16% of HFO use in 2019, and this would
have reduced BC emissions by only 5%, as shown in the bottom bar of Figure ES1.
Exemptions alone would have allowed 37% of HFO carriage and 42% of HFO use that
year, and the number of ships that would qualify for exemptions will likely grow over
time. Waivers would have allowed an additional 34% of HFO carriage and 43% of HFO
use to persist.

Ahead of the IMO’s MEPC 75 meeting, which will be held virtually from November 16-20,
2020, policymakers should consider how the proposal could be modified to ban a larger
share of HFO carriage and use in the Arctic. An HFO ban with no exemptions or waivers
is the most protective, but Figure ES1 could be used as a reference to understand the
consequences of different combinations of exemptions and waivers on HFO carriage,
HFO use, and BC emissions. In particular, doing away with exemptions and limiting
waivers to internal waters (IW) and territorial seas (TS) would ban 70% of HFO carriage
and 75% of HFO use, and would lower BC emissions by 22%. This alternative may strike a
balance between allowing HFO to be carried and used for domestic shipping, including
community resupply, while banning a significant amount of HFO carriage and use in

the rest of the Arctic ocean. However, an HFO spill close to shore would result in larger
direct impacts to Arctic coastlines and coastal communities.
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INTRODUCTION

In February 2020, delegates at the seventh session of the United Nations
International Maritime Organization’s (IMO) Pollution Prevention and Response
Sub-Committee (PPR 7) agreed on draft amendments to the International Convention
for the Prevention of Pollution from Ships (MARPOL) that would ban the carriage and
use of heavy fuel oil (HFO) as fuel in Arctic waters beginning on July 1, 2024 (IMO
Secretariat, 2020). If it were comprehensive, such a ban would dramatically reduce
the potential for HFO spills and, in the likely cases where ships that stop using HFO
switch to distillates, reduce the amount of black carbon (BC) they emit (Comer,
Olmer, Mao, Roy, & Rutherford, 2017a). However, the text of the ban as currently
proposed includes exemptions and waivers that would allow HFO to be carried and
used in the Arctic until 2029.

As proposed, the ban would enter into force for some ships on July 1, 2024, and
implementation would be delayed for others. Ships with certain fuel tank protections,
where the fuel tank is separated from the outer hull of the ship by at least 76
centimeters (cm), would be exempt until July 1, 2029. Additionally, countries with

a coastline that borders IMO’s definition of Arctic waters can waive the HFO ban’s
requirements until July 1, 2029 for ships that fly their flag when those ships are in
waters subject to their sovereignty or jurisdiction.

In this analysis, we analyze how effective the Arctic HFO ban would be in reducing
HFO carriage, HFO use, and BC emissions. Using data from 2019, we estimate

the amount of HFO that the proposed ban could allow to be carried and used via
exemptions and waivers, and determine how the ban would affect BC emissions.
The results are summarized by ship type and by flag state. We then compare the
proposed HFO ban to six policy alternatives and analyze how different combinations
of exemptions and waivers would affect how much HFO carriage, HFO use, and BC
emissions would remain. We find that the current proposal would allow the majority
of HFO to still be used and carried, and it could be modified to ban a larger share.
IMO policymakers should consider such modifications before agreeing on the final
text of the HFO ban. The text can be modified at the 75th session of IMO’s Marine
Environment Protection Committee meeting (MEPC 75), which will be held virtually
from November 16-20, 2020.

This paper is organized as follows. We begin with background information on the
proposed HFO ban, and then explain the methods of our analysis. Following that, we
describe the results, including how the proposed HFO ban affects ship types and flag
states. Next, we present six policy alternatives to the proposed HFO ban and describe
their relative effectiveness in reducing HFO carriage, HFO use, and BC emissions. We
conclude with insights about how the HFO ban could be strengthened. Appendix

A is the draft text of the Arctic HFO ban. Appendix B provides the regulatory text
associated with the exemptions clause of the proposed HFO ban. Appendix C contains
additional figures illustrating how the proposed HFO ban affects HFO carriage,
summarized by ship type and flag state. Appendix D has maps of HFO use by oil
tankers, general cargo ships, bulk carriers, and cruise ships. And finally, Appendix E
compares how much HFO carriage and use would be exempt, waived, or banned in
each Arctic country’s waters under the proposed ban with the alternatives.
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BACKGROUND

HFO is the bottom-of-the-barrel leftovers from the oil refining process. Its low quality
and viscosity prevent its use in all transport modes other than ships. HFO is often the
shipping industry’s preferred fuel because it is less expensive than cleaner alternatives,
such as marine gas oil (MGO). Indeed, HFO was the most commonly carried and used
fuel in the Arctic in 2015 (Comer, Olmer, Mao, Roy, & Rutherford, 2017b), and this study
will show that it remained so in 2019.

Arctic HFO spills are expected to result in greater cleanup, socio-economic, and
environmental costs than spills of other fuels (Comer, 2019). This is because spilled
HFO does not evaporate as quickly or completely as other fuels, such as distillates like
MGO, and it can emulsify in the water. This creates a mixture that is nearly impossible
to completely clean up. Only 15% of the crude oil, which is actually lighter than HFO,
from the Deepwater Horizon spill was recovered, and that was despite favorable
weather and sea conditions (Zukunft, 2017). Spills present a much greater challenge in
remote Arctic regions that are far from response personnel and equipment, and clean-
up efforts would also have to contend with Arctic weather and seasonal darkness.

Additionally, burning HFO emits more BC than any other marine fuel (Comer et al.,
2017a). BC is the small, dark soot particles in engine exhaust and it has an extremely
strong climate-warming effect—3,200 times stronger than carbon dioxide on a 20-year
timescale (Bond et al.,, 2013). BC directly heats the atmosphere, and when it falls on
Arctic snow and ice, it accelerates melting. BC emitted in the Arctic has a surface
warming effect up to five times stronger than BC emitted at mid-latitudes (Sand,
Berntsen, Seland, & Kristjansson, 2013).

In March 2016, the United States and Canada issued ajoint statement on climate,
energy, and Arctic leadership that stressed the need to address the risks posed by
HFO from Arctic shipping.1lln 2017, at MEPC 71, the IMO agreed to a new work output
to safeguard the Arctic from HFO and in February 2018, at MEPC 72, Finland, Germany,
Iceland, the Netherlands, New Zealand, Norway, Sweden, and the United States
proposed to ban HFO in the Arctic in document MEPC 72/11/1. This proposal stated
that “a single HFO spill could have devastating and lasting effects on fragile Arctic
marine and coastal environments. In addition, Arctic shipping is projected to continue
to rise. For these reasons, the ban on HFO should be implemented as soon as possible,
and any delay in implementation of the HFO ban by eligible ships should be short lived”
(Finland et al., 2018, p. 2).

Later, in February 2020, delegates at PPR 7 agreed on the draft text of the HFO ban,
which would start to apply in July 2024 but would include exemptions and waivers
that would allow some ships to continue to use HFO until July 2029 (IMO Secretariat,
2020). To assist IMO policymakers before they finalize and approve the text of the
ban at MEPC 75, this study sheds light on the impacts of the proposed HFO ban and
opportunities for improvement.

HFO has already been banned in the Antarctic since 2011, without any exemptions or
waivers. In the Antarctic, defined by the IMO’s MARPOL Convention as a neat circle
below 60°S latitude, ships are not only forbidden from using HFO and carrying HFO
in their fuel tanks, they cannot even carry HFO as cargo or ballast. There is little
commercial shipping activity in the Antarctic region, and this made the decision less
contentious. The Arctic, meanwhile, has substantial amounts of commercial shipping
activity, including fishing and the transport of oil, gas, and minerals from the region.
The carriage and use of HFO is especially common for oil tankers, general cargo

1 To read the full statement, visit https://obamawhitehouse.archives.gov/the-press-office/2016/03/10/us-
canada-joint-statement-climate-energy-and-arctic-leadership
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ships, and bulk carriers in the region, as we will show later in this analysis. The Arctic
HFO ban, as currently proposed, would start to apply on July 1, 2024 and would
forbid using or carrying HFO as fuel, but would allow HFO cargoes to be transported.
In addition to the cargo exemption, the text of the HFO ban allows for exemptions
and waivers, as follows.

Exemption 1. Ships subject to Regulation 12A of MARPOL Annex |, which requires ships
delivered on or after August 1, 2010 that also have a combined oil fuel capacity greater
than 600 cubic meters (m3) to protect their fuel tanks by ensuring there is a gap of at
least 76 cm between the fuel tank and the outer hull of the ship.

This gap provides some protection against oil spills in the event of an accident where
the hull is breached. However, this less-than-one-meter separation might not be
enough to prevent an HFO spill if the damage to the ship is severe enough. We model
the potential impacts of this exemption in this analysis.

Exemption 2: Ships subject to Regulation 1.2.1 of Polar Code Part II-A, chapter 1, which
requires ships constructed on or after January 1, 2017 that also have a combined oil fuel
capacity of less than 600 m3and are designed to operate in ice conditions to protect
their fuel tanks by ensuring there is a gap of at least 76 cm between the fuel tank and
the outer hull of the ship.

The impacts of this exemption are not modeled because we expect its impacts to

be negligible. This is for three primary reasons. First, the exemption only applies to
“Category A” and “Category B” ships. These are ships designed to operate in ice
conditions.2On the basis of the POLARIS Guidance (MSC.1/Circ.1519, June 6, 2016)
and subsequent discussions with experts, Category A and B ships are certified to
International Association of Classification Societies (IACS) polar code classes 1through
7. “Category C” ships are designed to operate in open water or in less severe ice
conditions, but may still have an ice classification. According to the same POLARIS
Guidance, ships certified to Finland/Sweden (FS) ice classes (i.e., 1A Super, 1A, 1B, or
1C) are Category C. Category C ships do not have to separate their fuel tanks from the
outer hull and would therefore be required to comply with the proposed Arctic HFO
ban. We found that the ships currently operating in the Arctic are mainly certified to
the FS ice classes and would therefore be Category C and would need to comply with
the ban. Second, this exemption applies only to Category A and Category B ships that
have a keel laid date of 2017 or newer, and this limits the number of ships to which the
exemption could apply. Lastly, potentially exempt ships will have smaller fuel tanks and,
because these will be smaller ships with smaller engines, many will use distillate fuels
instead of HFO.

Waivers: According to the proposed HFO ban, Arctic states may issue waivers for ships
belonging to their national registries, also known as “flying their flag,” when operating
in waters subject to their sovereignty or jurisdiction. The boundaries of Arctic waters,
as designated by the IMO, are illustrated in Figure 1 Because of IMO’s definition

of Arctic waters, Russia, Canada, the United States (because of Alaska), Denmark
(because of Greenland), and Norway (because of Svalbard and Jan Mayen) would all be
able to issue waivers.

2 See Appendix B for a full definition of ship categories.
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Figure 1. Arctic waters, as described in the IMO Polar Code.

As long as an Arctic-flagged ship is inside the internal waters (IW), territorial seas (TS),
or the Exclusive Economic Zone (EEZ) of its flag state, it could qualify for a waiver.
See Table 1for definitions of these regions. Under the current language, Iceland would
not be able to grant waivers despite usually being considered an Arctic state. This is
because its coastline does not border “Arctic waters” as defined by the IMO.

Table 1. Definition of internal waters, territorial seas, and Exclusive Economic Zone.

Name Abbreviation Definition Source

Waters on the landward side of the baseline

Internal oo .
erna W of the territorial sea form part of the internal

(UNCLOS, 1994;

waters waters of the State. Part Il, Article 8)
Every State has the right to establish the

Territorial breadth of its terrl.torlal .sea up to a limit not UNCLOS, 1994:

TS exceeding 12 nautical miles, measured from .

seas . . . . . Part Il, Article 3)
baselines determined in accordance with this
Convention.

. The Exclusive Economic Zone shall not

Exclusive . )

Economic EEZ extend beyond 200 nautical miles from the UNCLOS, 1994;

Zone baselines from which the breadth of the Part V, Article 57)

territorial sea is measured.
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METHODS

This section describes how we estimated HFO carriage, HFO use, and BC emissions
from ships in the Arctic. We also detail how we identified ships that would qualify for
exemptions or could be granted waivers under the proposed HFO ban, and explain the
alternatives we modeled to estimate the impacts of the proposed ban.

ESTIMATING HFO CARRIAGE, HFO USE, AND BC EMISSIONS

This analysis uses the ICCT’s Systematic Assessment of Vessel Emissions (SAVE)
model, as described in Olmer, Comer, Roy, Mao, and Rutherford (2017), exactEarth
Automatic Identification System (AIS) data, and ship characteristics data from [HS
Markit. HFO carriage and BC emissions were estimated by SAVE.

We assume that very low sulfur fuel oil (VLSFO), which is being used to meet the
IMO’s 2020 fuel sulfur regulations, meets the definition of HFO and would be subject
to the ban.3 Most VLSFOs meet the definition of HFO by density, viscosity, or both
(International Bunker Industry Association, 2019, 2020). In a statement to PPR 7, the
International Bunker Industry Association (2020) stated that tests by three fuel testing
agencies in January and February of 2020 showed that 93% to 95% of VLSFOs met the
definition of HFO. Therefore, we assume ships using HFO or VLSFO would be required
to switch to distillate fuels like MGO under the ban. Note, too, that the VLSFO spill from
agrounded bulk carrier near Mauritius in August 2020 showed that VLSFO does not
readily degrade or evaporate when spilled, and spilling just a portion of the onboard
fuel contaminated large areas of the sea and coastline (BBC News, 2020).

To estimate the amount of HFO fuel carriage, we assumed that the fuel tanks were 65%
full; this is consistent with earlier ICCT work on the prevalence of HFO in the Arctic
(Comer et al.,, 2017b) and with DNV'’s (2013) assessment of the risks of HFO spills in the
Arctic. BC emissions were calculated using the methods of the Fourth IMO Greenhouse
Gas Study (Faber et al., 2020), which rely on BC emission factors developed by Comer
et al. (2017a). BC emissions are a function of fuel type, engine type, and engine load.
Switching from HFO to distillates tends to reduce BC emissions (Comer et al., 2017a).

Regarding HFO use, for this analysis, we updated the way SAVE calculates fuel
consumption to be in line with the Fourth IMO Greenhouse Gas Study (Faber et al.,
2020). In particular, we allow the engine’s specific fuel consumption, in grams of fuel
per kilowatt hour, to vary as a function of engine load. We also use updated auxiliary
engine and boiler power demand assumptions from the Fourth IMO Greenhouse Gas
Study. We estimated HFO carriage, HFO use, and BC emissions for ships in the Arctic
for the years 2015, 2017, and 2019 to examine trends over time.

EXEMPTIONS

We identified ships that would have qualified for an exemption by complying with
Regulation 12A of MARPOL Annex I This regulation requires ships delivered on or after
August 1 2010 that have a combined oil fuel capacity greater than 600 m3to protect
their fuel tanks by ensuring there is a gap of at least 76 cm between the fuel tank and
the outer hull of the ship.

3 Beginning in 2020, the IMO reduced the maximum allowable fuel sulfur content for marine fuels from 3.5%
to 0.50%, unless a ship uses an exhaust gas cleaning system, better known as a scrubber. Scrubbers are an
alternative compliance option because they remove sulfur oxides from the exhaust. In most cases, this sulfur
and other contaminants are dumped overboard. A scrubber allows a ship to continue to use less-expensive
high-sulfur fuels like HFO instead of using cleaner, but more expensive distillate fuels such as marine gas oil
(Georgeff, Mao, & Comer, 2019).
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We then used AIS data from exactEarth to identify ships that spent more than 1
consecutive hour in the Arctic in 2019. This weeds out ships that only temporarily
entered the Arctic and did not spend much time inside the boundary. We used IHS
Markit ship characteristics data and the SAVE model to identify HFO-fueled ships with
a combined oil fuel tank capacity greater than 600 m3. Of those, we selected ships
delivered in 2011 or newer. In reality, ships delivered in August, September, October,
November, and December of 2010 would also qualify for an exemption. Because the
IHS database gives only the delivery year and not the day or month, we assume that
all ships delivered in 2010 would not qualify for an exemption. This is a conservative
approach that slightly overestimates the amount of HFO use, HFO carriage, and BC
emissions covered by the ban.

WAIVERS

After identifying ships in the Arctic in 2019 using exactEarth AIS data, we used IHS
Markit data and the SAVE model to identify Arctic-flagged, HFO-fueled ships. Ships
flagged to Canada, Denmark, Norway, Russia, and the United States were considered
Arctic-flagged because these countries have a coastline bordering Arctic waters, as
defined by the IMO. We then used Python (van Rossum & Drake, 2011) and ArcGIS
(ESRI) to identify and map when these ships were operating in the IW, TS, or EEZ of
their flag state. HFO use and carriage in these areas could qualify for a waiver. We
assume that in all cases where ships are eligible for waivers, they are sought and
granted. We also assume that no ships currently registered to non-Arctic states would
reflag in order to qualify for a waiver from the HFO ban, and that no Arctic-flagged
ships would modify their routes such that they always operate within the EEZ, TS, or IW
of their flag state. This is a conservative approach. In reality, because countries asked
that these waivers be included in the draft, it is likely that reflagging and rerouting
strategies will be employed to some extent.

ALTERNATIVES

We modeled six alternatives to the proposed HFO ban, and they are shown in Table
2. Alternative lrepresents a ban without any exemptions or waivers. Alternatives

2 through 6 represent different combinations of exemptions and waivers. The last
row describes the current language of the proposed HFO ban. The combination of
exemptions and waivers affects the amount of HFO carriage and use that is banned
and, consequently, the amount of BC emissions that are produced. All results are
based on 2019 Arctic ship activity from exactEarth AIS data and from IHS Markit ship
characteristics data.

Table 2. Types of exemptions and waivers modeled under the alternatives and how they compare to the proposed HFO ban.

Waivers
Exclusive
Alternative Description Exemptions internal waters Territorial seas Economic Zone
1 No exemptions or waivers
2 Waivers in IW
3 Waivers in IW and TS
4 Waivers in IW, TS, and EEZ X X X
5 Exemptions
6 Exemptions, plus waivers in IW and TS X X X
pli);i;gggl Exemptions, plus waivers in IW, TS, and EEZ X X X X
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RESULTS

This section begins with a brief overview of trends in HFO use and carriage and BC
emissions in the Arctic from 2015 to 2019. We then describe the effectiveness of the
proposed HFO ban, had it been in place in 2019. We show the amount of HFO used
and carried that would have been exempt, waived, or banned under the proposed
HFO ban, summarizing the results by ship type and flag state. We end this section by

comparing the relative effectiveness of the proposed HFO ban to the six alternatives
described above.

TRENDS IN HFO CARRIAGE AND USE AND BC EMISSIONS FROM
2015 TO 2019

Figure 2 shows several recent trends related to HFO in the Arctic. More than 1,700 ships
operated in the Arctic in 2019, and 700 of these were HFO-fueled. These ships carried
555 thousand tonnes (kt) of HFO and used 437 kt, emitting 225 tonnes (t) of BC.
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Figure 2. Trends in HFO and black carbon for 2015, 2017, and 2019.

The number of HFO-fueled ships and the amount of HFO carriage in 2019 were,
respectively, 8% and 20% higher than in 2015, but lower than in 2017. Meanwhile, HFO
use and BC emissions were the highest in 2019. HFO use in 2019 was 75% higher than in
2015, and that resulted in a 72% increase in BC emissions from HFO-fueled ships.4 Total
BC emissions from all fuels combined were 85% higher in 2019 than in 2015. Figure 3
shows the location and amount of BC emitted by ships in the Arctic in 2019.

4 Black carbon emissions do not increase one-to-one with fuel consumption since BC emissions vary as a

function of engine type and engine load. See Comer et al. (2017a) for more details.
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Figure 3. Black carbon emissions from Arctic shipping (all fuels) in 2019.

As shown in Figure 4, while 41% of ships used HFO, HFO represented two-thirds, 67%,
of fuel carriage and 48% of fuel used in the Arctic in 2019. Additionally, 63% of BC
emitted in the Arctic in 2019 was from burning HFO. Recent years have seen a marked
increase in the carriage and use of LNG, as LNG carriers registered in Cyprus, the
Bahamas, and Hong Kong, China, which also burn LNG as their fuel, transport Russian
gas from Arctic drilling operations, including the Yamal Peninsula project. Arctic LNG
fuel use increased from less than 1% in 2015 (Comer et al.,, 2017b) to 26% in 2019. This
increase has driven down the relative share of HFO used in the Arctic from 57% in 2015
(Comer et al.,, 2017b) to 48% in 2019. Nonetheless, as shown in Figure 2, the absolute
amount of HFO used in the Arctic has grown 75% since 2015, from 250 kt in 2015 to
437 kt in 2019. The increase is mainly driven by especially large increases in HFO use
by oil tankers, which grew from 43 kt in 2015 to 179 kt in 2019—an approximately 300%
increase as shown in Figure 5. These ships are now responsible for 41% of HFO use in
the Arctic. The map in Figure 6 shows the location and amount of the 437 kt of HFO
used in the Arctic in 2019. One-third of HFO used in 2019 occurred before July 1, as
shown in Figure 7.

8

ICCT WHITE PAPER

| THE INTERNATIONAL MARITIME ORGANIZATION'S PROPOSED ARCTIC HEAVY FUEL OIL BAN



HFO I Distillate

100% ES 4

90%
80%
70%
60%
50%
40%
30%
20%

10%

0%
Number of ships Fuel Carriage (kt) Fuel Use (kt) BC (t)

LNG

Figure 4. Share of ships, fuel carriage, fuel use, and black carbon emissions by fuel type in 2019.
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Figure 6. HFO used by ships in the Arctic in 2019
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Figure 7. HFO used in the Arctic by month in 2019.

EFFECTS OF THE PROPOSED HFO BAN

As shown in Figure 8, had the proposed HFO ban been in place in 2019, it would have
banned just 30% of HFO carried as fuel and 16% of the HFO used by ships in the Arctic.
Total BC emissions in the Arctic would have fallen by only 5% because the majority

of HFO use would have been allowed by virtue of exemptions or waivers. Of the

700 HFO-fueled ships in the Arctic in 2019, 151, or 22% of the fleet, would have been
exempt. Of these, 18 would have been eligible for a waiver had they not already been

10 ICCT WHITE PAPER | THE INTERNATIONAL MARITIME ORGANIZATION'S PROPOSED ARCTIC HEAVY FUEL OIL BAN



exempt. The flag state with the most exempt ships was Panama, with 31 ships, followed
by Marshall Islands with 27, Liberia with 15, Russia with 11, and the Netherlands with 11
Other flag states had fewer than 10 ships exempt. An additional 366 ships, or 52% of
the HFO-fueled fleet, would have been eligible for a waiver, including 325 ships flagged
to Russia, 20 to Canada, 10 to Norway, 10 to Denmark, and one to the United States.
Together, exemptions and waivers would have allowed 74% of the HFO-fueled fleet, by
number of ships, to continue to use HFO in the Arctic.
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Figure 8. Amount of HFO carriage, HFO use, and BC emissions remaining or eliminated as a
consequence of the proposed HFO ban.

The HFO use that would have been exempted, waived, or banned is analyzed by ship
type and then by flag state below. We focus on HFO use in this section because the
amount of fuel used is directly related to how much BC is emitted. The impacts on

HFO carriage by ship type and flag state are included in Appendix C. Impacts on

BC emissions are not summarized by ship type and flag state in this analysis, as the
proposed HFO ban's impact on BC emissions in the Arctic is expected to be small—only
a 5% reduction, as shown in Figure 8.

Ship type

Figure 9 gives an overview of fuel use by fuel type for each ship type operating in the
Arctic in 2019, and Figure 10 shows the relative share of each fuel used by each ship
type. Ship types are ordered left to right by absolute HFO fuel consumption, with oil
tankers consuming the most HFO, 179 kt. Liquefied gas tankers consumed no HFO,
and instead ran completely on LNG; these ships consumed the most fuel in the Arctic
in 2019. As shown in Figure 10, cargo ships such as oil tankers, general cargo ships,
bulk carriers, chemical tankers, and container ships operate almost exclusively on
HFO. Almost 80% of refrigerated cargo fuel use and more than 60% of cruise ship fuel
consumption was HFO. Fishing vessels, service vessels (including icebreakers), tugs,
and offshore supply vessels mainly use distillate.
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Figure 9. Fuel use by ship type in 2019.

IHFO IDistillate ILNG
100%

90%
80%
70%
60%
50%
40%
30%
20%

10%

0%
Oil Bulk Refrigerated Chemical Container Ferry-pax Ro-ro Ferry-
tanker carrier bulk tanker only ropax

General Cruise Fishing Service vessel Tug Offshore Yacht Liquefied
cargo (incl. icebreakers) gas
tanker

Figure 10. Share of fuel use by fuel type for each ship type in 2019.
Figure 11 shows how much HFO use would have been exempt, waived, or banned by

ship type under the proposed HFO ban if it had been in effect in 2019. It excludes
ship types with less than 1kt of HFO use, including offshore, ro-ro, yachts, and ro-pax
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ferries. We assume that all ships that qualify for exemptions continue to carry and use
HFO. Recall, also, that we assume that in all cases where ships are eligible for waivers,
they are sought and granted.

The green portions of Figure I1show HFO use that would have been banned. The
remainder would have been allowed under the proposed HFO ban by virtue of
exemptions or waivers. Ships subject to the ban would have been either (1) non-Arctic-
flagged, non-exempt ships or (2) Arctic-flagged ships outside the boundaries of their
flag state's IW, TS, or EEZ. Orange sections show HFO used by Arctic-flagged ships
when they were within the IW, TS, or EEZ of their flag state, which would have made
them eligible for a waiver. The red-and-orange striped sections show HFO used by
exempt, Arctic-flagged ships when they were within the IW, TS, or EEZ of their flag
state, meaning that even if the ship did not have an exemption, it could have been
issued a waiver to continue using HFO. The red portions show HFO used by ships
ineligible for a waiver but exempt.

IExempt {iExempt but could otherwise be waived BWaived BBanned

Oil tanker
General cargo
Bulk carrier 29 28
Cruise
Refrigerated bulk
Fishing
Chemical tanker
Service vessel
Container
Tug
Ferry (pax-only)
40 60 80 100 120 140 160 180

HFO use (tousand tonnes, kt)

Figure 11. HFO use that would have been exempt, waived, or banned in the Arctic under the IMO's
proposed HFO ban had it been implemented in 2019, by ship type.

Oil tankers used the most HFO in 2019, accounting for about 41% of the total. They
were followed by general cargo ships at 18%, bulk carriers at 9%, and cruise ships at
8%. Here, we go into more detail on how much HFO use would have been allowed or
banned under the proposed HFO ban for these ship types. Maps of HFO used by these
ship types are included in Appendix D.

Oil tankers. Oil tankers used 179 kt of HFO in 2019 and only 3 kt, or less than 2%,
would have been banned under the current proposal; 74% would have been exempt
and 24% would have been covered by a waiver. Because these ships operate mainly
within the waters of their flag state, most of the HFO that would have been exempt
could also have been waived if the exemptions were not in place. Russian-flagged
ships accounted for 89% of the HFO used by oil tankers in 2019, and oil tanker traffic
is mostly concentrated along the Russian and Scandinavian coasts, including Russia's
Northern Sea Route (NSR). This is shown in Figure D1 in Appendix D. Oil transportation
is increasing along the NSR. More than 8 million tonnes of oil and oil products were
transported along the NSR in 2019 (Nord University, 2020), nearly 10 times more than
the 0.86 million tonnes transported along the NSR in 2015 (Nord University, 2018). As
illustrated in Figure 11, most HFO used by oil tankers is by ships that are new enough
to qualify for an exemption under the proposed ban. Therefore, any additional new oil
tankers are likely to be exempt under the current proposal.
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General cargo. General cargo ships used nearly 80 kt of HFO but only 4 kt, or 5%,
would have been banned, with 12% exempt and 83% waived. General cargo ships
operate throughout the Arctic (Figure D2 in Appendix D), and their activity may
increase as Arctic cargo shipping increases. Because most general cargo ships qualify
for waivers, growth in general cargo ships may result in increased HFO use under the
proposed ban.

Bulk carriers. Bulk carriers would have had only 21% of their HFO use banned under
the proposed HFO ban, with 75% exempt and 4% waived. Bulk carrier HFO use is

most concentrated in two places as shown in Figure D3 in Appendix D. First, near the
U.S. Arctic, where bulk carriers serve the Red Dog Mine in Alaska. Second, west of
Greenland, where ships transit to and from Baffinland's Mary River Mine in Nunavut,
Canada. Baffinland exported 4.1 million tonnes of iron ore in 2017, and that required 56
round trips by panamax bulk carriers (Baffinland, 2018). In 2019, that grew to 5.9 million
tonnes and 81 round trips (Baffinland, 2020). Baffinland's long-term goal is 30 million
tonnes of ore per year (Neary, 2020), which implies more than 400 round-trip voyages
by panamax vessels. Three-quarters of HFO used by bulk carriers is by ships that are
new enough to qualify for an exemption under the proposed ban. Any additional new
bulk carriers are also likely to be exempt under the current proposal.

Cruise ships. Cruise ships would have had 84% of their HFO use banned, with 11%
exempt and only 5% waived. Cruise ships fueled by HFO operated throughout the
Arctic in 2019, with HFO use concentrated near the coasts and through the Northwest
passage (Figure D4 in Appendix D).5While cruise ship traffic may grow as Arctic
tourism becomes more popular, the current impacts of the coronavirus pandemic
notwithstanding, these ships are well covered by the proposed HFO ban. Most cruise
ships fly non-Arctic state flags, and thus HFO use could grow mainly from using newer
ships that would be exempt.

Flag state

Figure 12 gives an overview of fuel use by fuel type for each flag state operating in

the Arctic in 2019, and Figure 13 shows the relative share of each fuel used by each
flag state. The top 15 flag states by HFO consumption are shown, and flag states

are ordered left to right by absolute HFO fuel consumption. Russian-flagged ships
consumed the most HFO, 287 kt, and ships flagged to the United States consumed the
least, less than 1kt. Of the Arctic flag states, 74% of Russian-flagged fuel use was HFO,
followed by Canada at 44%, Denmark at 36%, the United States at 9%, and Norway at
3%; the remainder was mainly distillate fuel.

5 There is HFO use mapped in certain areas near Svalbard where Norway has already banned its use. This is
a consequence of the mapping procedure and grid size. We excluded all HFO use in these areas from our
calculations and resultant statistics.
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Figure 12. Fuel use by flag state in 2019 (top 15 by HFO use).
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Figure 13. Share of fuel use by fuel type for each flag state in 2019 (top 15 by HFO use)

Figure 14 shows both how much HFO was used by each flag state in the Arctic in

2019 and the proportion that would have been exempt, waived, or banned under the
proposed HFO ban. It shows the top 10 flag states, as ranked by total HFO use, and
then there is a gap until Norway, which ranks 19th, and the United States, which ranks
24th in Arctic HFO use. We included these last two in the figure despite their relatively
small Arctic HFO use because they are Arctic flag states and could grant waivers to
ships that fly their flags. Appendix C includes the same figure based on HFO carriage.
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Figure 14. HFO use that would have been exempt, waived, or banned in the Arctic under the
IMO's proposed HFO ban had it been implemented in 2019, by flag state.

Russia. Russian-flagged ships used the most HFO, 287 kt, and this represented about
two-thirds of HFO used in the Arctic in 2019. About 117 kt, or 41%, would have been
exempt and 57% could have been waived. Only 7 kt of Russia’s HFO use would have
been banned, meaning that if the HFO ban had been in place in 2019, more than 97%
of the HFO used by Russian-flagged ships could have been allowed. About 114 kt of the
117 kt that would have been exempt was used by oil tankers, and the ship that used the
most, 19 kt, was the oil tanker Shturman Skuratov. This ship alone accounted for more
than 4% of Arctic HFO use, despite being only one of the 700 HFO-fueled ships in the
Arctic that year. The Shturman Skuratov was built in 2017 and, with a fuel tank capacity
of more than 1,300 m3 would qualify for an exemption. Turning to waivers, of the 163
kt of HFO used by Russian-flagged ships that would have been eligible for a waiver and
not already exempt, 60 kt was used by general cargo ships, 44 kt by oil tankers, 28 kt
by refrigerated bulk carriers, and 18 kt by fishing vessels.

Cyprus. At 19 kt, Cypriot-flagged ships were a distant second and represented 4%

of HFO used in the Arctic in 2019. The vast majority of this, 96%, would have been
exempt. Of the 18 kt that would have been exempt, 12 kt was used by an oil tanker
named Boris Sokolov, which was built in 2018. Cypriot-flagged ships, especially oil
tankers and LNG carriers, which use LNG instead of HFO, are becoming more common
in the Arctic as they transport oil and gas from the Russian Arctic.

Denmark. Danish-flagged ships used 16 kt of HFO in the Arctic in 2019, which is about
4% of the total that year. About 13 kt of this HFO could have been waived, and 2 kt
would have been exempt, leaving just 1kt banned. Therefore, if the HFO ban had been
in place in 2019, 94% of the HFO used would have been allowed. Container ships used
1 kt of HFO, and 99% of this was used in the Greenland EEZ; that means it would

have been eligible for a waiver. The ship that used the most HFO was the Irena Arctica
container ship, which used 4.5 kt of HFO and was built in 1994.

Canada. Ships flagged to Canada used 15 kt of HFO in the Arctic in 2019, which was
more than 3% of the total HFO used. This includes 8 kt used by general cargo ships, 6
kt by chemical tankers, and 1kt by bulk carriers. The ship that used the most HFO was
the Kivallig W chemical tanker, which used about 1kt of HFO and was built in 2004.
Most HFO used by Canadian-flagged ships would have been eligible for a waiver under
the proposed HFO ban. With exemptions and waivers, only 1kt of Canadian-flagged
HFO use would have been banned. If the HFO ban had been in place in 2019, 93% of
the HFO used by Canadian-flagged ships would have been allowed.
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Bahamas. Bahamian-flagged ships used 15 kt of HFO in the Arctic in 2019, or about
3% of the total HFO used. Cruise ships used 14 kt of HFO. Nearly all of the HFO used
by these ships would have been banned, except for a small amount, 0.5 kt, that would
have been exempt. The ship that used the most HFO in 2019 was the Ocean Endeavor,
which used 2.5 kt and was built in 1982. This ship would not have been allowed to use
HFO in the Arctic had the proposed ban been in effect.

Other Arctic-flagged ships

Norway. Ships flagged to Norway used 1.5 kt of HFO in the Arctic in 2019, less than
1% of the total used. The oil tanker Maribel used the most HFO, 0.5 kt, and was built in
2007. It would not have been eligible for exemptions or waivers in 2019. Considering
exemptions and waivers, 0.6 kt of Norwegian-flagged HFO use would have been
banned. This means that if the HFO ban had been in place in 2019, 60% of the HFO
used by Norwegian-flagged ships would have been allowed. Note that Norwegian

cruise ship and ferry operator Hurtigruten has agreed not to use HFO when operating
in the Arctic. This move prevented 4 kt of HFO from being used in the Arctic in 2019.

United States. Four U.S.-flagged HFO-fueled ships operated in the Arctic in 2019—

two general cargo ships, one chemical tanker, and one fishing vessel. U.S.-flagged
ships used less than 1kt of HFO in the Arctic. The ship that used the most HFO was
the general cargo ship SLNC Magothy (previously named the Norfolk), which used
0.35 kt and was built in 2009. The ship reflagged to the United States in 2019 and
was previously flagged to Liberia, Burkina Faso, Singapore, Germany, and Gibraltar.
This is an example of a ship reflagging to an Arctic state. If other ships do the same

in the future, they could be eligible for waivers. With exemptions and waivers, about
0.6 kt of U.S.-flagged HFO use would have been banned, meaning if the HFO ban had
been in place in 2019, only about 30% of the HFO used by U.S.-flagged ships would
have been allowed.

ALTERNATIVES TO THE PROPOSED BAN

Assuming that ships take full advantage of exemptions and waivers, the proposed
ban would have allowed about 70% of HFO carriage and 84% of HFO use to continue,

and this would have reduced BC emissions by only 5%. Arguably, this is not consistent

with reducing the risks of the use and carriage of HFO as fuel by ships in Arctic
waters. To protect the Arctic from both HFO spills and the climate warming impacts
of BC emissions, policymakers at IMO should consider changes before approving
the text of the ban at MEPC 75 in November 2020. To help understand the impacts
of various combinations of exemptions and waivers, we analyzed how the amount of

HFO carriage and use exempted, waived, or banned would change under six policy

alternatives. This is shown in Figure 15 (HFO carriage) and Figure 16 (HFO use). We also

show how BC emissions would change under each alternative in Figure 17, as less HFO

use translates to fewer BC emissions. Figure 18 serves as a reference to understand the
consequences of different combinations of exemptions and waivers on HFO carriage,
HFO use, and BC emissions.
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The six policy alternatives are as follows:

1 No exemptions or waivers
2. Waivers in IW
3. Waivers in IW and TS
4. Waivers in IW, TS, and EEZ
5. Exemptions
6. Exemptions, plus waivers in IW and TS
No exemptions or waivers Banned, 555 kt
0] Waivers in IW Waived, 139 kt Banned, 416 kt
¢
8
Waivers in IW & TS Waived, 168 kt Banned, 388 kt
t
2
- Waivers in IW, TS, and EEZ Waived, 203 kt Banned, 353 kt
IC
¢
2
< Exemptions Exempt, 203 kt Banned, 352 kt
Exemptions + Waivers in IW & TS Exempt, 203 kt Waived, 154 kt Banned, 197 kt
Proposed HFO Ban: .
Exemptions + Waivers in IW, TS, & EEZ r Exempt, 203 kt Waived, 188 kt Banned, 164 kt
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Percentage of total 2019 HFO carriage

Figure 15. Heavy fuel oil carriage that would be exempt, waived, or banned in the Arctic under the IMO’s proposed HFO ban
compared to alternatives.
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Figure 16. Heavy fuel oil use that would be exempt, waived, or banned in the Arctic under the IMO’s proposed HFO ban compared to

alternatives.
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HFO use, and BC emissions.
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Figure 19 shows the HFO use that would have remained if the HFO ban, as proposed,
had been implemented in 2019. Comparing it to Figure 6, it is clear that the proposed
ban would not fundamentally change the amount and location of HFO used in the
Arctic until exemptions and waivers expire.

Figure 19. HFO use that would have been allowed under the proposed ban, had it been in place
in 2019.

Moving down Figures 15, 16, and 17, the top bars show the HFO ban without exemptions
or waivers, in which case 100% of HFO carriage and use would be banned and BC
emissions would decrease by 30%.6 The second bars show that disallowing exemptions
and limiting waivers only to IW results in banning 75% of HFO carriage and 82% of
HFO use, which would cut BC emissions by 24%. The third bar in the figures shows the
impact of allowing waivers in both IW and TS. In this case, 70% of HFO carriage and
75% of HFO use would be banned, and this would cut BC emissions by 22%. Figure

20 shows the location and amount of HFO used that would have been allowed in 2019
under this alternative. Comparing this with Figure 19 shows that HFO remains available
for use near shore; this could allow for domestic transportation while banning HFO

in the offshore areas. This alternative may strike a balance between allowing HFO to

be carried and used for domestic shipping and community resupply while banning

a significant amount of HFO carriage and use. However, an HFO spill close to shore
would result in larger direct impacts to Arctic coastlines and coastal communities. The
most protective alternative is a ban without exemptions and waivers.

6 BC emissions from HFO fueled ships that switch to distillate would fall 44% from 225 t to 121 t, reducing total
BC emissions in the Arctic from 356 t to 252 t, a decrease of 30%.
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Figure 20. HFO use that would have been allowed if the ban had been in place in 2019, did not
allow exemptions, and only allowed waivers in internal waters and territorial seas.

The fourth bars in Figures 15, 16, and 17 show the impact of allowing waivers in the

IW, TS, and EEZ without allowing exemptions. In this case, while 64% of HFO carriage
would be banned, only 29% of HFO use would have been banned. BC emissions would
fall by only 8%. Therefore, if waivers are to be allowed, policymakers should consider

limiting their application to only IW and TS.

The fifth bars show the impact of only allowing exemptions. In this case, 63% of HFO
carriage and 58% of HFO would have been banned. BC emissions would be reduced
18%. Allowing exemptions without waivers would prevent more than half of the HFO
carried and used in the Arctic as of 2019, as shown in Figure 21. However, the fleet

of ships that use and carry the most HFO, oil tankers and bulk carriers, are relatively
young, and new ships entering the fleet to meet increasing demand for transporting
ores and oil will likely be eligible for an exemption. Therefore, the amount of HFO
carriage and use that would be banned by the time the HFO ban enters into force
would likely be lower. These ships are engaged mostly with transporting bulk ores
and oil to market, rather than community resupply. Therefore, disallowing exemptions
should not have an undue impact on community resupply, especially if waivers are
allowed in IW and TS. This would allow ships of any type, including bulk carriers and oil
tankers, to transport goods, materials, and supplies to communities while using HFO

until the waiver period expires.
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Figure 21. HFO use that would have been allowed if the ban had been in place in 2019 and only
allowed exemptions.

22 ICCT WHITE PAPER | THE INTERNATIONAL MARITIME ORGANIZATION'S PROPOSED ARCTIC HEAVY FUEL OIL BAN



CONCLUSIONS

We analyzed the effectiveness of the proposed Arctic HFO ban in terms of how much
HFO carriage and use it can be expected to prevent and how much BC emissions it can
be expected to reduce. We assumed that all ships eligible for exemptions and waivers
would use them, and that ships would not reflag or alter their routes to take advantage
of the waivers clause. We found that, had the proposed HFO ban been in place in 2019,
exemptions and waivers would have allowed as much as 70% of HFO carriage and

84% of HFO use to remain in the Arctic. Put the other way, the proposed HFO ban, as
written, is expected to ban only 30% of HFO carriage and 16% of HFO use. In this case,
BC emissions would be reduced by only 5%.

As newer ships enter the Arctic fleet, especially oil tankers and bulk carriers to

meet growing demand for transporting Arctic oil and ores, more ships will qualify

for exemptions. Additionally, if ships reflag to Arctic states, more could qualify for
waivers and the effectiveness of the ban would be further eroded until all exemptions
and waivers expire in 2029. Therefore, the exemptions and waivers contained in the
proposed ban undermine its ability to substantially reduce the risks of the use and
carriage of HFO as fuel by ships in Arctic waters until 2029, and alternatives should
be considered.

We evaluated six alternatives to the proposed HFO ban that IMO policymakers,
including the Arctic states which have led the negotiations, can consider. An HFO

ban with no exemptions or waivers is the most protective, but Figure 18 can be used

as a reference for IMO policymakers to understand the consequences of different
combinations of exemptions and waivers on HFO carriage, HFO use, and BC emissions.
If waivers are limited to IW and TS, about 70% of HFO carriage and 75% of HFO use
would be expected to be banned, and BC emissions would be reduced by 22% as
ships fueled with HFO switch to distillates. This alternative, which does not allow for
exemptions but does allow for waivers in IW and TS, may strike a balance between
allowing HFO to be carried and used for domestic shipping, including community
resupply, while banning a significant amount of HFO carriage and use in the rest of the
Arctic ocean. However, an HFO spill close to shore would result in larger direct impacts
to Arctic coastlines and coastal communities. Additionally, if exemptions are included,
we suggest limiting the period in which exemptions are allowed (i.e., have them expire
before 2029), given that a large proportion of HFO is already used by ships that would
qualify for exemptions, and the number of ships that would qualify for exemptions will
likely grow over time.

Limiting the scope of exemptions and waivers would reduce the risks of the use and
carriage for use of HFO by ships in Arctic waters. It would also be consistent with the
original proposal for the HFO ban submitted to MEPC 72 by Finland, Germany, Iceland,
the Netherlands, New Zealand, Norway, Sweden, the United States, which stated that
the ban should be implemented as soon as possible, and that any delay should be
short-lived.
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APPENDIX A. PROPOSED HFO BAN
Draft text for the Arctic HFO ban, as found in Annex 12 of PPR 7/22/Add.1

Regulation 43A
Specialrequirements for the use and carriage of oils as fuel in Arctic waters

1 With the exception of ships engaged in securing the safety of ships or in search and
rescue operations, and ships dedicated to oil spill preparedness and response, the
use and carriage of oils identified in paragraph 1.2 of regulation 43 as fuel by ships
shall be prohibited in Arctic waters, as defined in regulation 46.2 of this Annex, on
and after 1July 2024.

2 Notwithstanding the provisions of paragraph 1of this regulation, for ships to which
regulation 12A of this Annex or regulation 1.2.1 of chapter 1of Part II-A of the Polar
Code apply, the use and carriage of oils identified in paragraph 1.2 of regulation 43
as fuel by ships shall be prohibited in Arctic waters, on and after 1July 2029.

3 When prior operations have included the use and carriage of oils listed in
paragraph 1.2 of regulation 43 as fuel, the cleaning or flushing of tanks or pipelines
is not required.

4 Notwithstanding the provisions of paragraphs land 2 of this regulation, the
Administration of a Party to the present Convention, the coastline of which borders
on Arctic waters, may temporarily waive the requirements of paragraph 1of this
regulation for ships flying the flag of the Party while operating in waters subject to
the sovereignty or jurisdiction of that Party, taking into account the guidelines to
be developed by the Organization. No waivers issued under this paragraph shall
apply on and after 1July 2029.

5 The Administration of a Party to the present Convention which allows application
of paragraph 4 of this regulation shall communicate to the Organization for
circulation to the Parties particulars thereof, for their information and appropriate
action, if any.
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APPENDIX B. EXEMPTIONS

Regulatory text associated with exemptions to the Arctic HFO Ban
MARPOL Annex I, regulation 12A states:

"This regulation shall apply to all ships with an aggregate oil fuel capacity of 600 m3
and above which are delivered on or after 1August 2010, as defined in regulation 1.28.9
of this Annex.”

Regulation 1.28.9 of MARPOL Annex | states:
"Ship delivered on or after 1August 2010 means a ship:

1 for which the building contract is placed on or after LAugust 2007; or

.2 inthe absence of a building contract, the keels of which are laid or which are at a
similar stage of construction on or after 1February 2008; or

.3 the delivery of which is on or after 1August 2010; or
.4 which have undergone a major conversion:*
4.1 for which the contract is placed after 1August 2007; or

4.2 in the in the absence of a building contract, the keels of which are laid or
which are at a similar stage of construction on or after 1 February 2008; or

.4.3 which is completed after 1August 2010.

*MEPC 59 agreed (MEPC 59/24, paragraph 6.18) that the clarification of the
requirements of MARPOL Annex | regulation 12A is also applicable to major
conversions as defined in regulation 1.28.9.”

Polar Code Part II-A, chapter 1, regulation 1.2.1 states:

"1.2.1 For category A and B ships constructed on or after 1January 2017 with an
aggregate oil fuel capacity of less than 600 m3, all oil fuel tanks shall be separated from
the outer shell by a distance of not less than 0.76 m. This provision does not apply to
small oil fuel tanks with a maximum individual capacity not greater than 30 m3”

Constructed is defined in MARPOL Annex | paragraph 30 as follows:

"Constructed means a ship the keel of which is laid or which is at a similar stage of
construction.” This suggests that the keel laid date is the construction date.

Category A ship is defined in paragraph 2.1 of the introduction to the Polar Code
as follows:

"Category A ship means a ship designed for operation in polar waters in at least
medium first-year ice, which may include old ice inclusions.”

Medium first-year ice is defined in paragraph 2.8 of the introduction as follows:

"Medium first-year ice means first-year ice of 70 cm to 120 cm thickness.” On the basis
of the POLARIS Guidance (MSC.1/Circ.1519, 6 June 2016) and subsequent discussions
with experts Category A ships are understood to include IACS polar class 1through 5.

Category B ship is defined in paragraph 2.2 of the introduction to the Polar Code
as follows:

"Category B ship means a ship not included in category A, designed for operation in
polar waters in at least thin first-year ice, which may include old ice inclusions.”
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Thin first-year ice is defined in paragraph 2.15 of the introduction as follows:

"Thin first-year ice means first-year ice of 30 cm to 70 cm thickness.” On the basis of
the POLARIS Guidance (MSC.1/Circ.1519, 6 June 2016) and subsequent discussions
Category A ships are understood to include IACS polar class 6 and 7.

Category C ships do not need to protect their oil fuel tanks. They are defined in
paragraph 2.3 of the introduction:

"Category Cship means a ship designed to operate in open water or in ice
conditions less severe than those included in categories A and B.” On the basis of
the POLARIS Guidance (MSC.1/Circ.1519, 6 June 2016) and subsequent discussions
with experts Category C ships are understood to include Finland/Sweden ice

classes 1A Super, 1A, 1B, 1C, and No Ice Class.
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APPENDIX C. HFO CARRIAGE BY SHIP TYPE AND FLAG

STATE

This appendix describes how the proposed HFO ban affects the amount of HFO
carriage that would be exempt, waived, or banned by ship type (Figure C1) and flag
state (Figure C2).

Oil tanker
General cargo
Bulk carrier
Cruise
Refrigerated bulk
Fishing
Chemical tanker
Service vessel
Container

Tug

Ferry (pax-only)
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Figure C1. HFO carriage that would have been exempt, waived, or banned in the Arctic under the

IMO's proposed HFO ban had it been implemented in 2019, by ship type.
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Figure C2. HFO carriage that would have been exempt, waived, or banned in the Arctic under the
IMO's proposed HFO ban had it been implemented in 2019, by flag state.
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APPENDIX D. MAPS OF HFO USED BY OIL TANKERS,
GENERAL CARGO SHIPS, BULK CARRIERS, AND
CRUISE SHIPS IN 2019

Figure D1. Oil tanker HFO use in the Arctic in 2019.
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Figure D2. General cargo HFO use in the Arctic in 2019.

Figure D3. Bulk carrier HFO use in the Arctic in 2019.
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Figure D4. Cruise ship HFO use in the Arctic in 2019.
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APPENDIX E. HFO CARRIAGE AND USE EXEMPT,
WAIVED, OR BANNED WITHIN EACH COUNTRY'S
ARCTIC WATERS UNDER THE PROPOSED HFO BAN
COMPARED TO THE ALTERNATIVES

This appendix shows how much HFO carriage and HFO use would have been exempt,
waived, or banned within each country's Arctic waters, i.e., those waters subject to the
sovereignty or jurisdiction of each country with a coastline that borders IMQO's definition
of Arctic waters. These countries include Russia, Denmark (Greenland), Canada, Norway
(Svalbard and Jan Mayen), and the United States. Waters subject to the sovereignty

or jurisdiction of each country would include internal waters (IW), territorial seas (TS),
and Exclusive Economic Zones (EEZ). Figure EL shows how much HFO was carried and
Figure E7 shows how much HFO was used within each country's Arctic waters (IW, TS,
and EEZ) by ships of any flag in 2019. Figures E2-E6 show HFO carriage and Figures
E8-E12 show HFO use that would be exempt, waived, or banned in each country's
waters under the IMO's proposed HFO ban compared to the alternatives.

HFO CARRIAGE

400

Russia Denmark Canada Norway USA
(Greenland) (Svalbard +
Jan Mayen)

Figure E1. HFO carried within each country's Arctic waters (IW, TS, and EEZ) by ships of any
flag, 2019.
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Figure E2. HFO carriage that would be exempt, waived, or banned in Russian waters (IW, TS, and EEZ) under the IMO's proposed

HFO ban compared to alternatives.
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Figure E3. HFO carriage that would be exempt, waived, or banned in Danish (Greenlandic) waters (IW, TS, and EEZ) under the IMO's

proposed HFO ban compared to alternatives.
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Figure E4. HFO carriage that would be exempt, waived, or banned in Canadian waters (IW, TS, and EEZ) under the IMO's proposed

HFO ban compared to alternatives.
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Figure E5. HFO carriagethat would be exempt, waived, orbanned in Norwegian (Svalbard and Jan Mayen) waters (IW, TS, and EEZ)
under the IMO's proposed HFO ban compared to alternatives.
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Figure E6. HFO carriage that would be exempt, waived, orbanned in U.S. waters (IW, TS, and EEZ) under the IMO's proposed HFO

ban compared to alternatives.
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Figure E7. HFO used within each country's Arctic waters (IW, TS, and EEZ) by ships of any
flag, 2019.
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Figure E8. HFO use that would be exempt, waived, or banned in Russian waters (IW, TS, and EEZ) under the IMO's proposed HFO

ban compared to alternatives.
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Figure E9. HFO use that would be exempt, waived, or banned in Danish (Greenlandic) waters (IW, TS, and EEZ) under the IMO’s
proposed HFO ban compared to alternatives.
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Figure E10. HFO use that would be exempt, waived, or banned in Canadian waters (IW, TS, and EEZ) under the IMO’s proposed HFO
ban compared to alternatives.
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Figure E11. HFO use that would be exempt, waived, or banned in Norwegian (Svalbard and Jan Mayen) waters (IW, TS, and EEZ)

under the IMO'’s proposed HFO ban compared to alternatives.
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Figure E12. HFO use that would be exempt, waived, or banned in U.S. waters (IW, TS, and EEZ) under the IMO’s proposed HFO ban

compared to alternatives.
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