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Summary

Under a ‘Business-as-Usual’ scenario, the aggregate GHG emissions of the
shipping industry will continue to increase into the future, as trade and the sector
itself continues to grow at such a rate that it overwhelms incremental operational
and technological improvements to the energy efficiency of ships. Therefore, in
order to achieve the targets set up within the Paris agreement, more stringent
policies for the shipping industry needs to be implemented.

Earlier studies have found that, compared with the base scenario (i.e., using fossil
tuel), a global Emissions Trading System (ETS) could reduce the CO; and non-CO>
emissions of shipping by up to 65 percentage from 2000 to 2050. However, any
efforts by the IMO to develop a global ETS for shipping will face significant
challenges as establishing a global scheme is much more difficult than a regional one.

This study has made a review over cost studies for decarbonisation and recently
introduced regulatory acts with the aim to reduce climate impact from shipping.
As well as the ongoing efforts to introduce and already introduced systems for
emission trading within the shipping sector on a global and regional level.

The study also includes cost calculations analysing the effects of the proposals
now being discussed and negotiated in EU related to shipping within the Fit for
55 package, if being introduced. The proposals being analysed through scenario
calculations are 1) Shipping will be included in the EU ETS, 2) the FuelEU
Maritime Directive and 3) that the ETD also will tax fuels used on-board ships.
Costs have been applied on an energy consumption development scenario for fuel
purchased within Sweden for domestic and international ship transportation.

If the ETS is implemented and the costs for emission allowances would be 100
EUR/ton COy, the cost increase for the shipping company for the costs related to
tuelling the ships would increase with some 70-80 percentage.

If the FuelEU Maritime Directive is implemented, one of the main parts in the
proposal is that it sets specific GHG intensity limits on the energy used on-board
ships starting from the year 2025 with 2 percentage reduction increasing gradually
towards 75 percent reduction 2050. Costs for the fuel substitution will also
increase gradually with the increased requirements and will come close to 100
percentage cost increase in 2050 compared to a base case with only conventional
fossil fuels. It can be noted that energy costs are based on predictions from
different studies, analysing present and future marine fuel costs, that generally
expect that costs for low carbon alternative ship fuels will decrease over time.

Analyses have also been made for the case that the ETD would be updated in line
with proposals for the shipping industry. Such proposals analysed is that the
bunker fuels that pollute the most will be taxed the most, with the highest rate of
€0.9/G]J being applied to fossil fuels for shipping except LNG being taxed
€0.6/G]J and the lowest minimum rate of €0.15/G]J being applied to electricity,
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advanced sustainable biofuels and biogas and renewable fuels. Such a tax would
increase the costs for fuelling the ships by approximately 10 percent at
introduction compared to the cost of today’s purchase of fossil fuels without any
tax applied for use in ships. The cost for taxation will decrease over time in line
with the introduction of alternative low carbon fuels.

The combined cost structure shows a total cost increase starting at around 80-90
percent at introduction compared to current costs for fossil fuels. Over time, with
increasing demand for introduction of fuels with lower greenhouse gas emission
intensity, total costs are estimated to increase towards additional costs at a level of
100-130 percent, depending on whether possible energy efficiency measures due
to increased fuel costs are taken into account or not. This relates to the
implementation of the ETS and the FuelEU Maritime Directive and the ETD. At
the beginning of the period 2025-, costs will mainly be related to emission
allowances, and at the end of the period -2050, costs will mostly be related to the
higher costs for alternative low carbon fuels.

The increased costs are a result of stricter regulations from the EU, not the IMO.

Calculations within this study also show that annual costs for ship fuel bunkered in
Sweden, today is at a cost level of approximately 1 billion Euro annually but varies
with bunker prices. This relates to the costs for bunker purchase of fossil fuels. The
proposed measures within Fit for 55 with ETS and ETD and future requirements in
the Fuel EU Maritime initiative would increase the costs towards a cost level of 2
billion Euro annually. At first, costs will mainly relate to ETS in the form of carbon
allowances. Over time, while alternative low carbon fuels will be introduced, the
additional costs will instead be linked to the fuel industry producing and providing
the fuels and increase further towards an annual level of 3 billion Euro. This is a
billion Euro industry opportunity possible to provide clean local energy and at the
same time contribute to the sustainable green job market.
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Sammanfattning

I ett "Business-as-Usual"-scenatio kommer de sammanlagda vixthusgasutslippen
fran sj6fartsindustrin att fortsitta att 6ka i framtiden, eftersom handeln och sjilva
sektorn forvantas vaxa 1 en takt att som 6verskrider forvintade operationella och
tekniska forbittringar av fartygs energieffektivitet. For att uppna de mal som satts
upp inom Parisavtalet krivs darfor tuffare styrmedel inom sj6fartsniringen.

Tidigare studier har visat att jimfort med basscenariot (dvs. att anvanda fossilt
brinsle) skulle ett globalt utslippshandelssystem kunna minska sjéfartens CO»-
utslipp med upp till 65 procent fran 2000 till 2050. Men att fran IMO utveckla ett
globalt utslappshandelssystem for sjofart dar komplext och utmanande och det
bedoms dven svirare att uppritta ett globalt system dn ett regionalt.

Denna studie har gjort en genomging av kostnadsstudier for koldioxidminskning,
nyligen inférda regelverk med syfte att minska klimatpaverkan fran sj6farten och
de pagaende anstringningarna att inféra men ocksa redan inforda system for
handel med utslippsritter inom sjofartssektorn pa global och regional niva.

I studien ingar ocksa kostnadsberikningar som analyserar effekterna om de forslag
som nu diskuteras och férhandlas i EU relaterade till sjofart inom Fit for 55-
paketet infors. Forslagen som analyseras genom scenarioberikningar ar 1) Att
sjofarten inforlivas 1 EU ETS, 2) Fuel EU Maritime Directive och 3) Energy
Taxation Directive (ETD) dven beskattar sjofartsbrinslen. Kostnader har
applicerats pa ett utvecklingsscenario for energiférbrukning for bransle som
bunkras i Sverige f6r inrikes och utrikes fartygstransporter.

Om det europeiska systemet for handel med utslappsritter (ETS) implementeras och
kostnaderna for utslappstitter skulle ligga pa en niva om 100 EUR/ton COg, skulle
kostnaderna for ett rederi f6r att bunkra fartygen 6ka med cirka 7080 procent.

Om FuelEU Maritime Directive genomférs ar en av huvuddelarna i forslaget att
det anger specifika grinser for vaxthusgasintensitet f6r den energi som anvands
ombord pa fartyg frain och med ar 2025, med en initial minskning pa 2 procent
som gradvis 6kar mot 75 procent minskning 2050. Kostnader for
brinslesubstitutionen kommer darmed att 6ka gradvis med de 6kade kraven och
ger nira 100 procent kostnadsokning 2050 jaimfért med ett basfall med enbart
konventionella fossila brinslen. Det kan noteras att energikostnaderna ir baserade
pa forutsagelser fran olika studier, som analyserar nuvarande och framtida marina
brinslekostnader, som generellt férvintar sig att kostnaderna for alternativa
fartygsbrinslen med laga koldioxidutslipp kommer att minska 6ver tid.

Analyser har ocksd gjorts for fallet att energibeskattningsdirektivet (ETD) skulle
uppdateras 1 linje med de forslag som presenterats. Det forslag som analyserats ar
att de bunkerbrinslen som férorenar mest kommer att beskattas mest, med den
hogsta skattesatsen pa 0,9 €/G]J f6r fossila brinslen till sjofarten forutom LNG
som beskattas med 0,6 €/GJ och den ligsta minimisatsen pa 0,15 €/GJ or el,
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avancerade hallbara biobrinslen och biogas och férnybara branslen. En sidan
skatt skulle 6ka kostnaderna for att bunkra fartygen med ca 10 procent jamfort
med kostnaden f6r dagens inkop av fossila brinslen utan ndgon skatt pa brinslen
tor anvandning i fartyg. Kostnaden for beskattning kommer att minska 6ver tid 1
takt med att alternativa koldioxidsnila brianslen introduceras.

Den sammanlagda kostnadsstrukturen visar en total kostnadsékning om samtliga
toreslagna och i studien analyserade dtgirder implementeras pa cirka 80—90
procent till en borjan jamfért med nuvarande kostnader for fossila brinslen och
over tid 1 takt med att f6rnybara brinslen introduceras 1 hégre grad oka till en
sammantagen kostnadsckning om ca 100—130 procent beroende pa om
energieffektiviseringsatgirder baserat pa hégre brinslekostnader tas med i
berakningarna eller inte. De férnybara brinslena férvintas dven att sjunka i pris
over tid. Detta avser implementeringen av det europeiska systemet f6r handel med
utslippsritter (ETS), FuelEU Maritime Direktiv och energibeskattningsdirektivet
(ETD). Inledningen av perioden 2025- kommer kostnaderna frimst att vara
relaterade till utslappsritter, och mot slutet av perioden -2050 kommer
kostnaderna till storsta delen att vara relaterade till de hogre kostnaderna for
alternativa brinslen.

De 6kade kostnaderna ir ett resultat av hardare regler fran EU, inte IMO.

Berikningar inom denna studie visar ocksa att de arliga kostnaderna for
fartygsbrinsle som bunkras i Sverige idag ligger pa en kostnadsniva om cirka en
miljard Euro arligen men varierar med forandringar i brianslepriser. Detta avser
kostnader for ink6p av fossila branslen. De foreslagna dtgirderna inom Fit for 55
med ETS och ETD och vidare krav inom Fuel EU Maritime skulle till en bérjan 6ka
kostnaderna mot en kostnadsniva pa 2 miljarder Euro érligen. Till en borjan
kommer kostnaderna frimst att avse ETS i form av utsldppsritter. I takt med att
alternativa koldioxidsnala brianslen kommer att introduceras, kommer
merkostnaderna istillet att frimst vara kopplade till ink6p av dessa férnybara
brinslen och 6ka mot en total arlig kostnadsniva for brinslen om storleksordningen
3 miljarder Euro. Det hir ar en miljardindustri som skulle kunna gynna niringslivet i
Sverige och i vara grannlinder som kan tillhandahalla ren lokalproducerad energi
och samtidigt bidra till den hallbara grona arbetsmarknaden.
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Abbreviations
Biofuel, Fuel from biogenic resources

Biogas, A mixture of methane (CHy), carbon dioxide (CO2) and small
quantities of other gases produced by anaerobic digestion of organic matter in
an oxygen free environment. Within this study we have used the expression
biogas as a designation for the renewable Bio-Methane (CH4) fuel produced
by “upgrading” biogas (a process that removes any CO2 and other
contaminants present in the biogas) but also renewable methane produced
through thermo and electrochemical pathways with subsequent methanation.

COz, Carbon dioxide

COz.eq, Carbon dioxide equivalent, greenhouse gases other than CO> are
recalculated and expressed as carbon dioxide equivalents based on their
warming potential in a defined time perspective.

DCS, Data Collection System, system for reporting fuel consumption of ships
from flag states to IMO on a yearly basis.

Drop-in fuel, A high-end biofuel (e.g. HVO) that is exchangeable in parts or
in full with refined petroleum-based diesel fuel.

DWT, Deadweight tonnage

EEDI, Energy Efficiency Design Index. The EEDI requires a minimum energy
efficiency level per capacity mile (e.g. tonne mile) for different ship types and
size segments. The regulation was adopted in 2011 with the adoption of
amendments to MARPOL Annex VI.

EEOI, Energy Efficiency Operational Indicator, enables operators to measure the
tuel efficiency of a ship in operation and to gauge the effect of any changes in
operation, e.g. improved voyage planning or more frequent propeller cleaning,
or introduction of technical measures such as waste heat recovery systems or a
new propeller.

EEXI, Energy Efficiency Existing Ship Index, is a simplified index to be developed
and defined. The metrics of EEXI should be compatible with that of EEDI,
and thus attained EEDI can be used as an alternative to EEXI.

EMSA, The European Maritime Safety Agency.

GDP, Gross domestic product, is the total monetary or market value of all the
finished goods and services produced within a country's borders in a specific time

period.
GHG, Greenbouse gases

GT, Gross tonnage — A non-dimensional measurement of vessels by size.
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HVO, Hydrotreated vegetable oil, often used as a drop-in fuel in fuel for diesel
engines.

IMO, International Maritime Organization, is the United Nations' specialised
agency with responsibility for the safety and security of shipping and the
prevention of marine and atmospheric pollution by ships.

LBM, Liguefied Bio Methane (synonym to LBG - Liguefied Bio Gas).
LNG, Liguefied natural gas

MBM, Market-based measure

MGO, Marine gasoil

MEPC, The Marine Environment Protection Committee, addresses environmental
issues under IMO’s remit.

MRY, The EU Monitoring, Reporting and | erification, is a mandatory EU reporting
scheme for CO2 emissions for vessels calling European ports since January 1st,
2018.

NM Nautical mile - 1.852 km.

RED, The EU Renewable Energy Directive 11, revises RED I and establishes an
overall policy for the production and promotion of energy from renewable
sources in the EU. RED3 is being under negotiations.

SEEMP, Ship Energy Efficiency Management Plan, is an operational measure that
establishes a mechanism to improve the energy efficiency of a ship in a cost-
effective manner. SEEMP provides an approach for shipping companies to
manage ship and fleet efficiency performance over time using, for example, the
Energy Efficiency Operational Indicator (EEOI) as a monitoring tool. The
guidance on the development of the SEEMP for new and existing ships
incorporates best practices for fuel efficient ship operation, as well as
guidelines for voluntary use of the EEOI for new and existing ships.
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1 Introduction and background

The overall objective of the project is to describe and summarize estimated costs
for the introduction of the most material policy instruments that already have
been decided and those that are currently being discussed to reduce the GHG
emissions from shipping. Another objective is to quantitatively and qualitatively
describe and reason about the consequences that these regulatory demands can
bring. Consequences are described partly in the form of estimated benefits in the
form of likely reduced environmental impact with a focus on greenhouse gases,

and partly in the form of likely economic impact for the industry such as shipping

companies and cargo owners.

The study is within and refers to the Lighthouse framework of the area of
Efficient transport systems, policy instruments and business models and the
challenge that the study concerns is the design and consequences of policy
instruments to achieve a sustainable maritime transport system.

Lighthouse 2022
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2 Evaluating the costs of decarbonising the shipping
industry: A review of the literature

2.1 Background

Carbon emissions from the shipping industry is an issue which has risen to
prominence in the past few years, most particulatly since the imposition of the IMO’s
global cap on the sulphur emissions from ships in January 2020 which is perceived as
having resolved that particularly pressing challenge (Zis & Cullinane, 2020). Because
of its international nature and the difficulties involved in measuring its emissions and
attributing them to nations, shipping has typically been deliberately excluded from
many of the measures and targets that have been implemented at the global level,
such as those that were imposed on nations under the Kyoto and Paris agreements.
Equally, at the regional level, it is only within the past 2-3 years that the EU has taken
serious action in preparation for the inclusion of shipping within the EU Emissions
Trading System (ETS) and is now on the verge of doing so. Notably, in China and
parts of North America, the shipping sector has already been included in emissions
trading schemes, where the focus now is very much the reduction of the sector’s
carbon emissions. As can be seen in Figure 1, the impact of carbon pricing on the
shipping industry is proliferating worldwide.

Northwest
Territories Canada &
[ '_f { lceland EU
British = Lot Republic of
Columbia ] ’ ’ ‘} r4 .“.' Kazakhstan Korea
Washingtongs %, -,
Oregon 4 5 *.%.—'I.Z’I'I ,Iq, Japan
California w-~ ’, i 5" y
4 < 9 5
1 "~ “Turke: :
0y |
\ //MeX|co %
A h’[’ W\
Senegal @y Thailand |* J Vietnam

Colombia//lll't ) » Céte d'lvoire Singapore

Brazil
" Rio de Janeiro
Sao Paulo

Argentina South Africa New
4 Zea'a)i}'
. ETS implemented or scheduled for implementation . ETS and carbon tax implemented or scheduled
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ETS or carbon tax under consideration (' ETS and carbon tax implemented or scheduled, ETS or carbon tax
under consideration

Figure 1. Overview of regional, national, and sub-national carbon pricing initiatives. Sounrce: BHP. BV, DNB,
DNV GL (2019).
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The IMO Fourth GHG Study (2020) is the definitive source for the latest
estimates of the current carbon footprint of the shipping industry and for
predictions of its future potential. Total GHG emissions (including carbon
dioxide (COy), methane (CH4) and nitrous oxide (N20), as expressed in COge) for
the whole maritime sector (international, domestic and fishing) have increased
from 977 million tonnes in 2012 (IMO third GHG Study, 2014) to 1,076 million
tonnes in 2018 (a 9.6% increase). Of these headline figures!, 962 million tonnes
were COz emissions in 2012, while in 2018 this amount grew 9.3 percentage to
1,056 million tonnes of CO; emissions. As a consequence of these figures, the
share of shipping emissions in global anthropogenic GHG emissions has
increased from 2.76 percentage in 2012 to 2.89 percentage in 2018.

Depending upon the specific estimation method utilised, the IMO Fourth GHG
Study (2020) finds that the overall carbon intensity of the industry was 21-22
percentage better in 2018 than in 2008, as measured by the AER (Annual
Efficiency Ratio in grams CO2/Dwt/nm) and 29-32 percentage better over the
same period, as measured by the EEOI (Energy Efficiency Operational Indicator
in grams COz/tonnes of cargo/nm). However, these improvements have not
followed a linear trend over the period of analysis, with more than 50 percentage
of the improvements occurring before 2012 and only very small improvements
(averaging 1-2 percentage per annum) accruing since 2015. As can be seen in
Figure 2, over the decade 2008-18, the annual carbon intensity performance of all
individual ship types also generally improved but fluctuated, with the upper and
lower quartiles of the fluctuation rates in the EEOI of oil tankers, bulk carriers
and container ships standing at £20%, £15% and £10% respectively.

I Alternative methods for estimating the industry’s carbon emissions (voyage-based and ship-based
allocations) are implemented within The IMO Fourth GHG Study (2020) that yield slightly lower estimates
and growth rates.
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Average EEOI of each ship type over years (9gCO2/t.nm, OP1) Average EEOI of each ship type over years (gCO2/t.nm, OP2)
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Figure 2. Average annnal carbon intensity of individual ship types (2008-18). Note: ‘OP1’ and ‘OP2’ are the
two alternative estimation methods — vessel-based in the case of OP1 and voyage-based in the case of OP2. Source:
IMO Fourth GHG Study (2020).

As well as reviewing the historical development of the shipping industry’s GHG
emissions generally and its CO2 emissions more specifically, the IMO Fourth
GHG Study (2020) develops a range of forecast scenarios of shipping’s CO2
emissions for a time horizon of 2050. The conceptual algorithm which is applied

tor developing these forecast scenarios can be summarised as follows:

1.

Forecasting future volumes of maritime transport work carrying ‘non-
energy products’, based on incorporating third party, long-term strategic
forecasts of GDP and Population into an estimated model of the historical
relationship between these variables and the variable of interest. Both
logistics regression and the gravity model are applied as the basis for
estimating this model, with the former yielding generally higher forecast
growth rate values (75-100%) than the latter (40-60%).

Forecasting future volumes of maritime transport work carrying ‘energy
products’, based on the IPCC’s formal projections of the evolution of
energy production and consumption, particularly for energy products such
as coal, oil and gas that are primarily carried by ships.

Developing a detailed inventory of the shipping fleet and its activities for
the base year of 2018 and projecting this into the future to develop future
fleet compositions.

Forecasting the future energy efficiency of the ships, taking into account
regulatory developments and market-driven efficiency changes using a
marginal abatement cost curve (MACC).

Based on the foregoing, to develop estimates of future shipping emissions.
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A range of scenarios for both the socio-economic (GDP and Population) and
energy-related input variables are developed to estimate firstly the impact on
transport work and, ultimately, to forecast shipping emissions. In scenarios with
‘middle of the road” aggregate economic growth (corresponding to OECD
baseline projections) and energy demand from land-based sectors that limits the
global temperature increase to well below 2 degrees centigrade by 2050, aggregate
maritime transport work increases by between 40 percentage and 100 percentage
by 2050 compared to 2018. As depicted in Figure 3, based on ‘Business as Usual
(BAU)’ forecasts? of shipping’s CO emissions, this ultimately translates into an
increase from 1,000 Mt CO2 in 2018 to 1,000 to 1,500 Mt COz in 2050,
representing an increase of 0 to 50 percentage over 2018 levels and 90-130
percentage of 2008 levels. The different BAU emissions forecast trajectories are
ultimately caused by differences in the forecast values for transport work that, in
turn, are caused by different socio-economic assumptions and projections, as well
as the use of two different methods for establishing the relationship between
transport work and independent variables such as GDP, population and primary
energy demand. Obviously, therefore, shipping’s CO2 emissions could be higher
(lower) than these forecast values, if economic growth rates prove to be higher
(lower) than what has been assumed or when the reduction in GHG emissions
from land-based sectors is less (more) than assumed.

1,600
1,400

———-
as

1,200 e Tt

1,000 - —

800
600
400
200

CO2 emissions (Mt per year)

0
2015 2020 2025 2030 2035 2040 2045 2050

SSP2_RCP2.6_G SSP2_RCP2.6_L ———SSP4_RCP2.6_G
----- SSP4_RCP2.6_L ——— OECD_RCP2.6_G ==-=---0OECD_RCP2.6_L

Figure 3. BAU Forecasts of CO2 emissions from ships under different scenarios.

Notes: (1) The scenarios SSP2 (Middle of the Road)’ (see Fricko et al., 2017) and ‘SSP4 (Inequality — A
Road Divided)’ (see Calvin et al., 2017) refer to the framework of Shared Socioeconomic Pathways (O°Neill et al,
2017); (2) The scenario RCP2.6” (2 degrees C, very low GHG enzissions) refers to the framework of
Representative Concentration Pathways (Moss et al., 2010, van Vunren et al., 2011); (3) The letters 1.
(logistics regression) and ‘G’ (gravity model) refers to the method of estimation used for establishing the relationship
between transport work and the socioeconomic input variables.

2 Within the context of the IMO Fourth GHG Study (2020), BAU forecasts refers to the fact that it is
assumed that no new regulations are instigated during the forecast period that have an impact on the
energy efficiency or carbon intensity of ships.
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Irrespective of the rigour applied in their development, the BAU forecasts
produced within the IMO Fourth GHG Study (2020) do not take account of
either potential future technological innovations or of any future regulation that
might have a positive impact on the carbon footprint of the shipping industry.
Indeed, in his foreword to the IMO Fourth GHG Study, Mr. Kitack Lim (the
Secretary-General of the IMO) concludes that shipping will certainly continue to
improve its carbon intensity but that energy-saving technologies and reducing the
speed of ships will not be sufficient to deliver the objectives that have been set for
the industry. He explicitly suggests, therefore, that under all projected scenarios, in
2050, the use of low-carbon alternative fuels will need to make a significant
contribution to the total amount of COz reductions required. In order to facilitate
this, appropriate regulatory and policy actions will be required.

2.2 The regulatory context for decarbonising shipping

2.2.1 Global level

As the international regulatory authority for the shipping industry, the IMO first
turned its attention to the decarbonization of the shipping industry in 2011. The
first actions implemented were the introduction of the Energy Efficiency Design
Index (EEDI) for new ships and the Ship Energy Efficiency Management Plan
(SEEMP) for all ships which both came into force on January 15t 2013.

The EEDI for a given ship is calculated based on a formula which encompasses
numerous technical design parameters. The formula yields a specific figure for an
individual ship design, expressed in grams of carbon dioxide (CO2) per ship's
capacity-mile (e.g., tonne-mile, TEU-mile etc). The smaller the EEDI, the more
energy efficient the design is of the ship in question. Ship types responsible for
approximately 85 percentage of the CO2 emissions from international shipping are
now accounted for under the EEDI regulatory regime, whereby a minimum level
of energy efficiency per capacity-mile (i.e. a maximum level of the EEDI) is
mandated for different ship types and sizes, with all relevant newbuilds having to
conform with the set reference level. This reference level for the EEDI of specific
ship type/size combinations is tightened incrementally every five yeats, in the
expectation that this will prompt technological innovation eatly in the design
process to improve fuel efficiency. The COz reduction level for the first phase of
the EEDI (beginning in 2015) was set to 10 percentage as calculated from a
reference line representing the average efficiency for ships built between 2000 and
2010. This was increased within a range up to 20 percentage required reduction
level (depending upon ship type and size) at the start of EEDI Phase 2 in 2020. It
is planned that EEDI Phase 3 will start in 2025 with the required CO2 reduction
level set at up to 30 percentage (depending on ship type and size) for all
newbuilds. However, an earlier start date for Phase 3 implementation of these
required COz reduction levels has come into force in 2022 for gas carriers, general
cargo ships and LNG carriers. In addition, the phase 3 levels for containerships
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have also come into force in 2022, but with required CO> reduction levels within
the range of 30-50 percentage, depending on ship size.

The Ship Energy Efficiency Management Plan (SEEMP) is intended to provide an
instrument to improve the energy efficiency of a new or existing ship in a cost-
effective manner. Each stage of the SEEMP prompts ship owners or operators to
consider new technologies and practices when seeking to optimise the
performance of a ship. The SEEMP incorporates best practice guidelines for fuel
efficient ship operation and facilitates the management of efficiency performance
over time both for individual ships, and fleet,. This is achieved through the
voluntary use of a monitoring tool, the Energy Efficiency Operational Indicator
(EEOI), which enables ship operators to measure the fuel efficiency of a ship in
operation and to gauge the effect of any changes in operation.

Recognising the need for better information on the fuel efficiency of ships, the
IMO adopted a mandatory MARPOL Annex VI requirement in 2016 for ships of
over 5,000 GT to record and report their fuel oil consumption. In order to
expedite this new requirement for the reporting of data on fuel consumption and
COz emissions specifically, an amendment was also implemented such that the
SEEMP must now include a description of the methodology for the data
collection system (DCS) and for reporting the collected data to the ship's flag
State. This new requirement came into operation in 2019 and was obviously
pivotal to the IMO setting any strategic objectives for the reduction of GHG
emissions from shipping.

The IMO adopted its ’Initial Strategy on the Reduction of GHG Emissions from
Ships’ in 2018. This sets ambitions or objectives for GHG reductions as follows:

1. To reduce the carbon intensity of individual ships through the
implementation of further phases of the energy efficiency design index
(EEDI) for new ships.

2. To reduce the carbon intensity of international shipping (compared to a
baseline of 2008) such that CO, emissions per transport work, as an
average across the industry, are reduced by ‘at least’ 40 percentage by 2030
and by ‘towards’ 70 percentage by 2050.

3. GHG emissions from international shipping to peak and decline as soon as
possible and to reduce the total annual GHG emissions by at least 50
percentage by 2050 compared to 2008, whilst pursuing efforts towards
phasing them out completely.

The development of this initial strategy was founded on the normal guiding
principles which underpin the setting of regulations and policy within the IMO,
such as the principle of ‘non-discrimination’ and the principle of ‘no more
favourable treatment’ (enshrined within MARPOL and other IMO conventions)
and the principle of ‘common but differentiated responsibilities and respective
capabilities’, in the light of different national circumstances (enshrined within the
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UNFCCC, its Kyoto Protocol and the Paris Agreement). The IMO’s ‘Initial
Strategy’ explicitly recognises that technological innovation and the global
introduction of alternative fuels and/or energy sources for international shipping
will be integral to achieving the targets set.

In 2021, the IMO adopted new mandatory measures that will require all ships to
calculate their Energy Efficiency Existing Ship Index (EEXI) based on a number
of operational parameters, as well as technical parameters that are similar to those
of the previously established EEDI for new ships. This requirement comes into
force in November 2022 as part of a ship’s annual survey. The EEXI will then be
utilised to establish a ship’s annual operational Carbon Intensity Indicator (CII)
and associated CII rating. The CII links a ship’s GHG emissions to the amount of
cargo carried over distance travelled and comes into effect on January 1st 2023.
Under the provisions of this regulation, ships will receive a rating of their energy
efficiency (A, B, C, D, E - where A is the best). A ship rated D for three
consecutive years, or E, is required to submit a corrective action plan, to show
how the required index (C or above) would be achieved. In establishing these new
regulations, the IMO encouraged maritime administrations, port authorities and
other stakeholders as appropriate, to provide incentives to ships rated as A or B in
order to ‘send out a strong signal’ to the market and financial sector.

Into the future, the IMO will continue its work towards achieving the objectives
set in its ‘Initial Strategy’. In doing so, it has established workplans and a timetable
for the consideration of candidate short-term and medium-term measures. Most
critically, however, its ‘Initial Strategy’ is due for review in 2023. What emerges
from that review will set the global regulatory context for the shipping industry
until at least 2030, when the first substantial objective for shipping’s CO-
emissions has been set to be achieved.

2.2.2 EU level

Along with the global initiatives undertaken by the IMO, specific regulatory
legislation for the maritime sector has also been included in the EU’s Fit for 55
package that was published in June 2021 and seeks to achieve the ‘Buropean
Green Deal’ target for climate neutrality in Europe by 2050 and for a

55 percentage reduction in the EU’s GHG emissions by 2030 (Council of the
European Union 2021; Sikora, 2021).

COz emissions from shipping account for around a quarter of all EU
transportation-related emissions. The EU’s ‘Fit for 55’ package proposes the
adoption of various regulatory policies, amongst which is the inclusion of shipping
in the EU Emissions Trading System (EU ETS) and the adoption of the FuelEU
Maritime Directive that sets specific GHG intensity limits on the energy used on-
board ships, starting from the year 2025 (European Commission, 2021 b).
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2.2.3 The EU Emissions Trading System (ETS)

Discussions on the possibility of introducing market-based measures (MBMs) for
the control of GHG emissions from shipping (including the idea of a global
emissions trading scheme) started within the IMO as long ago as 2010. However,
in May 2013, the IMO MEPC agreed to suspend discussions on MBMs and
related issues to a future session. An Emissions Trading System (ETS) can be
categorized as either global or regional according to its geographical scope. A
global ETS has advantages over a regional ETS in the sense that it avoids carbon
leakage (Miola et al., 2011) and pollution transfer (Haites, 2009). More
importantly, shipping networks may change. For example, Wang et al. (2015)
suggest that a global ETS would mean that the role of Singapore in the global
shipping market may partially be replaced by Dubai.

No further discussions took place in the IMO until in February 2017. In 2020, the
EU Parliament voted in favour of including shipping in the EU ETS as from 2023
unless the IMO has created a comparable scheme of its own by 2021. Since nothing
has happened at global level, in 2020, the EU Green Deal committed to bringing
shipping within the EU Emissions Trading Scheme (ETS). This has now been
reaffirmed within the EU’s ‘Fit for 55’ package (European Commission, 2021 b).

The EU Emissions Trading System (ETS) began operation in 2005, but a new,
revised version has now been proposed which includes extending its remit

to include the shipping industry, so that shipping companies will have to purchase
allowances to cover the cost of the CO2 emissions they produce. The EU ETS is a
market-based decarbonization measure, working with a ‘polluter pays’ principle,
which means that the costs involved in the purchasing of allowances to emit is
ultimately defined by the market price for carbon emissions — i.e., by the
interaction of the demand for, and supply of, allowances.

Applicable only to ships of 5000 GT and above, according to initial proposal, a
ship travelling strictly within the EU will pay for all of the carbon dioxide it emits,
whereas a ship that crosses into or out of the EU will pay for 50 percentage of the
carbon dioxide it emits (regardless of how much of that voyage lies inside or
outside the EU). In addition, all emissions from port stays at EU ports are
included. The ‘polluter pays’ principle means that for any ship, the entity
responsible for presenting the relevant ETS allowances will be the shipping
company, the shipowner, or whoever operates the ship. However, since the
shipping company or operator is not always responsible for purchasing fuel or
making operational decisions regarding the cargo carried, speed, or route of the
vessel, the EU has proposed that a binding clause should be included into
charterparty agreements so that the costs of emissions can be passed to the
charterers. The relevance of this provision is evidenced in Agnolucci et al. (2014)
who analysed data on the Panamax shipping market over the period 2007-12 and
found that, on average, only 40 percentage of energy efficiency savings accrued to
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the ship owners that had implemented operational measures and technical
measures.

A gradual phase-in of the new system is planned, so that stakeholders in the
industry can adjust to it over time. Shipping companies will have to record their
CO; emissions correctly starting from 2023, which already is ongoing since 2018
within the EU MRV reporting, but at this time will only be required to hand over
a proportion of their reported emissions. This proportion will grow each year,
with the system planned to be fully in place by 2025. The requirement is that
shipping companies must purchase and surrender allowances over a four-year
period, as follows:

a) 20 % of verified emissions reported for 2023;
b) 45 % of verified emissions reported for 2024;
¢) 70 % of verified emissions reported for 2025;
d) 100 % of verified emissions reported for 2026 and each year thereafter.

There are no current plans for any allocation of free allowances to the industry, an
aspect which aligns with the plan to remove all free allowances from the EU ETS
by 2027.3 Although it has been recognised that the maritime sector will have
access to the funds which accumulate centrally within the EU’s Innovation Fund,
there has been no indication that the contributions of the maritime industry will
be earmarked for distribution back to the industry. At the same time, the EU is
prepared to adjust the scope of the ETS to align with any global market-based
measures that may be developed by the IMO. To this end, the scope of the ETS
can either be extended to cover 100 percentage of the voyages to and from EU
ports if the IMO measures are seen as insufficient for reaching Paris Agreement
goals or reduced to avoid a double burden.

2.2.4 The FuelEU Maritime Directive

The FuelEU Maritime Directive forms part of the EU ‘Fit for 55’ package and, in an
attempt to address the urgent need of eliminating the COZ2 emissions of shipping, sets
specific GHG intensity limits on the energy used on-board ships starting from the
year 2025. These energy intensity limits are calculated as the amount of GHG
emissions per unit of energy. Each ship operating within the EEA (European
Economic Area) will need to proceed with the employment of alternative fuels or
energy sources in order not to exceed the GHG intensity limit that will become
tighter over the years; reaching reductions of 75 percentage of energy used in 2050
compared to 2020, the baseline year for the implementation of the Directive.

More specifically, although certain vessel categories are excluded from the
provisions of the Directive (e.g., warships, naval auxiliaries, fishing vessels etc), the

% Negotiations of the proposals are ongoing, and it has lately been indicated that a 100%
phase in already during 2024 might be a possible outcome.
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FuelEU Maritime Directive applies, according to initial proposal, to all ships
above a gross tonnage of 5000 GT, regardless of their flag. The Directive
“includes (a) the energy used during their stay within a port of call under the
jurisdiction of a Member State, (b) 100 percentage of the energy used on voyages
trom a port of call under the jurisdiction of a Member State to a port of call under
the jurisdiction of a Member State, and (c) 50 percentage of the energy used on
voyages departing from or arriving to a port of call under the jurisdiction of a
Member State, where the last or the next port of call is under the jurisdiction of a
third country” (European Commission, 2021 b). This approach to what voyages
are included mirrors that taken for the proposed inclusion of shipping in the EU
ETS (Christodoulou et al., 2021).

In accordance with the FuelEU Maritime Directive, each ship will need to proceed
with the employment of alternative fuels or energy sources in order not to exceed
the GHG intensity limit that will become tighter over the years, reaching
reductions of 75 percentage of energy used in 2050 compared to 2020.
Additionally, from 2030, ships staying at EU ports should connect to shore
electricity supply. Article 4 of the Directive sets the specific GHG intensity limits
of energy used on-board a ship during a reporting period that shall not be
exceeded and that shall be calculated by reducing the reference value of [X grams
of CO2 equivalent per MJ] by the following percentages:

-2% from 1 January 2025;
-6% from 1 January 2030,
-13% from 1 January 2035;
-26% from 1 January 2040;
-59% from 1 January 2045;
-75% trom 1 January 2050.

The reference value for calculation of the energy intensity used on-board a ship
corresponds to the fleet average GHG intensity of the energy used on-board by
ships in 2020, as determined on the basis of data monitored and reported within the
framework of the EU MRV Regulation 2015/757. This regulation was an
imperative precursor for the abatement of maritime COz emissions in Europe, as it
establishes the EU Monitoring, Reporting, Verification (MRV) database (THETIS-
MRYV developed by EMSA) that provides valuable information on the energy
efficiency, fuel consumption and CO2 emissions of vessels on a yeatly basis.

Annex II of the FuelEU Maritime Directive includes the emission factors and
Well-to-Wake GHG emissions of alternative fuels as a guide for vessels operating
in the EEA to help them achieve compliance with the specific energy intensity
limits set by the Directive. Well-to-Wake GHG emissions comprises, and
accounts for, both Well-to-Tank (emissions generated during the production
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process, transport of fuel to the ship and bunkering) and Tank-to-Wake that

focuses on the emissions from the combustion of marine fuels.

In addition to conventional fossil fuels and biofuels, the Directive analyses the
potential of electro-fuels (e-fuels — that are produced from renewable sources) to
decarbonise maritime transport. The Well-to-Wake GHG emissions of e-fuels are
very low compared to conventional fuels and they encompass e-diesel, e-LNG
and e-methanol (that can all be used in existing vessels and do not require large
modifications) as well as e-hydrogen and e-ammonia that do require the
conversion of existing marine engines or the delivery of newbuildings. With all e-
tuels, there is also likely to be some additional investment required in new
infrastructure (Hansson et al., 2020; Lindstad et al., 2021; Svanberg et al., 2018;
Zincir & Deniz, 2021).

2.2.5 The Energy Taxation Directive

The EU’s ‘Fit for 55’ package includes a proposal to revise the ETD which has
been in place since 2004 and is now deemed to be out of line with EU energy,
environment and climate objectives. Under the previous provisions of the
Directive, maritime bunker fuel has been tax-free within the EU. The revised
version of the ETD will mean, however, that this exemption will be removed and
that all bunker fuel sold in the EU and used within the EU will be subject to
taxation, as from January 2023. The structure of the new taxes as proposed in the
European Commission proposal is such that the bunker fuels that pollute the
most will be taxed the most, with the highest rate of €0.9/G]J being applied to
fossil fuels except LNG being taxed €0.6/G]J and the lowest minimum rate of
€0.15/G]J being applied to electricity, advanced sustainable biofuels and biogas
and renewable fuels. Sustainable and alternative fuels in the maritime sector will
have a zero minimum tax rate over a 10-year transition period. The taxation would
be applicable to the use of energy products and electricity for intra-EU (from an
EU port to another EU port) maritime and inland waterways regular service
navigation, fishing and freight transport. (European Commission, 2021 c). It shall
be noted that the tax proposed for marine fossil fuels are much lower than the
general tax for fossil motor fuels such as petrol, gasoil and kerosene for other uses
than aviation and shipping, being taxed €10.75/G].

2.2.6 EU Taxonomy regulation

In order to meet the EU’s climate and energy targets for 2030 and reach the
objectives of the European Green Deal, it is fundamental to direct investments
towards sustainable projects and activities. To achieve this, a common language
and a clear definition of what is ‘sustainable’ has been developed. The “action plan
on financing sustainable growth” called for the creation of a common
classification system for sustainable economic activities, or an “EU taxonomy”.

The EU taxonomy regulation (hereafter referred as the taxonomy) is a
classification system, establishing a list of environmentally sustainable economic
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activities. By providing appropriate definitions to companies, investors and
policymakers on which economic activities can be considered environmentally
sustainable, it is expected to create:

e sccurity for investors

® protect private investors from greenwashing
e help companies to plan the transition

e mitigate market fragmentation

e cventually help shift investments where they are most needed.

To enable this companies are asked to provide disclosure of percentage (%o) of
turnover, capital expenditure (CapEx) and operational expenditure (OpEx) that is
eligible and aligned with and according to the taxonomy, i.e., companies have to
report on how much of their business is sustainable and how much is not, according
to the taxonomy. The taxonomy is currently being rolled out in two phases:

e In phase 1, companies need to report on the proportion of their turnover,
capital expenditures (CapEx) and operational expenditures (OpEx) that is
taxonomy eligible. This phase begins in 2022 (for the 2022 annual report)
for financial institutions and all other sectors.

e In phase 2, companies need to report on the proportion of their turnover,
CapEx and OpEx that is taxonomy aligned. This phase will begin in 2023
or in 2024 for large companies and financial institutions respectively.

The taxonomy establishes six environmental objectives:

Climate change mitigation

Climate change adaptation

The sustainable use and protection of water and marine resources
The transition to a circular economy

Pollution prevention and control

SRRl ol S A

The protection and restoration of biodiversity and ecosystems

Delegated act ANNEX I defines “Technical screening criteria for determining the
conditions under which an economic activity qualifies as contributing substantially
to climate change mitigation and for determining whether that economic activity
causes no significant harm to any of the other environmental objectives”.

ANNEX I includes 13 sectors and more than 100 business activities. Sector No 6.
“Transport” includes several shipping activities. Technical screening criteria for
substantially contributing to climate change have been developed for:

0.7. Inland passenger water transport.
0.8. Inland freight water transport.

0.9. Retrofitting of inland water passenger and freight transport.
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0.10. Sea and coastal freight water transport, vessels for port operations and
auxiliary activities.

0.11. Sea and coastal passenger water transport.
0.12. Retrofitting of sea and coastal freight and passenger water transport.

Technical screening criteria and “Do no significant harm criteria” for each
economic activity are found in ANNEX [. There are several different technical
screening criteria, and the activity shall comply with at least one of them. Ship
owners should review and evaluate their vessels according to these criteria to
evaluate if they are eligible with the taxonomy or not. The activity must comply
with the technical screening criteria for Climate mitigation, the Do no significant
harm (‘DNSH’) criteria for the other five environmental goals as well as minimum
safeguards to be classified taxonomy aligned.

The taxonomy is mandatory for public companies (over 500 employees) that fall
under the non-financial reporting directive (NFRD). Ship owners need to consider
the taxonomy and its potential impact on their frameworks, reporting systems and
reporting requirements. They must evaluate whether and how their activities align
with the taxonomy and the data required to prepare for relevant disclosures. This
applies both for the shipowners that fall under the regulation and those that don’t,
(for example large family-owned shipowners) since financial institutions as banks
likely will require information on taxonomy alighment from the borrowers, so that
the lenders can report their alignment.

The regulation gives ship owners the opportunity to measure their sustainability
performance and progress towards delivering the environmental objectives in a
transparent and comparable manner. The taxonomy is also a powerful tool to
support decision-making on investments. Alignment with the taxonomy could
improve ship owner’s reputation and access to finance, making them more
attractive to banks and investors.

How large cost increases the taxonomy entails for shipowners is uncertain but
large investments in new technology are required for vessels to be covered by
eligible with ANNEX I. To be aligned with the taxonomy, ship owners need to
adapt to the criteria and invest in green technologies that substantially contribute
to the mitigation of climate change.

2.2.7 Other relevant EU Policies

Some of the more general changes introduced within the EU’s ‘Fit for 55’ package
will also have a more specific, albeit indirect, impact on the shipping industry.

1. Cutrently, there is a certain reluctance on the part of shipowners and
operators to be a ‘first mover’ with respect to the adoption of greener
tuels, especially because of the perceived insufficiency of the required
infrastructure. At the same time, there is some hesitance among EU
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member states to invest in the required infrastructure because of the fear
that it will prove inappropriate to market demands and become stranded.
The Alternative Fuels Infrastructure Directive has been in place since
2014 to prompt such investments in infrastructure to support the
availability of alternative fuels within the EU. The ‘Fit for 55’ package now
turns this Directive into a Regulation (the Alternative Fuels
Infrastructure Regulation), which means that it is now binding on EU
member states to provide such infrastructure. This change should prompt
greater consumer and investor confidence. For the maritime sector, this
should better promote more climate-friendly electrical power supplies at
portts, as well as the required infrastructure for refuelling of vessels at berth
with alternative fuels, particularly LNG and hydrogen. Although this new
generally applicable regulation does not impact on shipping directly, it does
provide support for the energy transition required under the FuelEU
Maritime Directive.

2. The original Renewable Energy Directive (RED I) that came into effect
in 2009, was updated with RED II in 2018. RED II is generally applicable
in that it is designed to promote the wider use of energy from renewables,
foster better energy system integration and contribute to climate and
environmental objectives associated with global warming and biodiversity
loss. The ‘Fit For 55’ package includes a slight revision to this Directive so
that the objectives for the use of renewables are better aligned to the EU’s
more ambitious climate objectives. As such, RED II introduces a new EU-
wide target of 40 percentage for the share of energy that comes from
renewable sources by 2030. This replaces the previous target of
32 percentage. More specifically, the revised version of RED II introduces
a new GHG-intensity reduction target of at least 13 percentage by 2030 in
the transport sector, to replace a target of 14 percentage of energy from
renewable sources in the transport sector. As a benchmark for achieving
these targets, in 2020, 22.1 percentage of the energy consumed in the EU
was from renewable sources, as were 10.2 percentage of the energy
consumed in transport activities. Clearly, shipping companies are not
directly impacted by the provisions of RED II, since this Directive is really
just setting the objectives that the more specific and directly relevant
measures, such as the EU ETS, the FuelEU Maritime Directive and the
ETD, are aiming to help achieve.

2.3 Evaluating the impact of decarbonization on shipping costs

In terms of the operational solutions for individual ship owners, speed reduction
is regarded as the most effective method, while others are enhanced network
routing, hull cleaning, and engine maintenance (Garcia et al., 2020; Huang et al.,
2015; Yuan et al.,, 2019). Yuan et al. (2019) explore potential energy saving
measures by considering a cost effectiveness analysis applied to a chemical tanker
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as a case study, where speed reduction, weather routing, trim optimization,
autopilot adjustment and the speed control of pumps and fans are used as
mitigation strategies. Speed reduction emerges as the most effective measure,
ranking first under the criteria of energy saving and marginal cost effectiveness.
Similarly, Halim et al. (2018) measure the potential reduction of CO2 under
combined strategies, i.e., four possible pathways related to different speed
reductions and available technologies such as adjusted demand, operational
measures, technical measures, alternative fuels/energy, increase in ship size. The
results indicate that an 82-95 percentage COz reduction could be reached by 2030.
However, as Woo and Moon (2014) point out, the effectiveness of speed
reduction for cutting future emissions is limited once the average speeds of ocean-
going vessels have been reduced to 15-18 knots. Despite this, Schwartz et al.
(2020) reinforce the ubiquitous argument that there a number of relatively simple
and inexpensive methods and solution combinations that could be implemented
which would prove profitable for shipping companies. This is partly because of
the improved operational performance and partly because of the enhanced energy
efficiency which would emerge.

For the shipping industry itself, the choice between green technology and low
carbon fuels have always been a hot issue in the discussions around how best to
rise to the decarbonisation challenge. Even a relatively small increase in cost may
lead to a significant decrease in GHG emissions when considering the use of
low/zetro catbon fuel oil and investments in technological improvements (Etbach
and Foukalova, 2022). When deciding upon the installation of green technologies,
Bai et al. (2021) finds that deadweight is one of the key determinants in the
container and dry bulk shipping markets, while for tankers the relationship is not
so close. Bai et al. (2021) also finds that, compared with the dry bulk and tanker
sectors, containership owners are more sensitive to fuel price differentials and, as
such, are less likely to invest in the installation of green technology when there are
higher revenues per day. With respect to the potential use of alternative low/zero
carbon fuels, however, Lindstad et al. (2021) suggests that the most important
thing for shipowners is the availability of these fuels and that, in the short-term,
dual-fuel engines may be the most cost-effective and practical option for
shipowners — i.e. involving the interaction of the use of alternative fuels and
implementing technological change.

As can be inferred from Figure 4, apart from speed reduction (albeit this will also
reduce shipping company revenues), it is clear that virtually all approaches to the
decarbonisation of shipping will inevitably result in greater costs for ship owners
and operators.
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The extent of these cost increases for shipping will depend, among other things,

on the current and future prices of alternative fuels and new technologies, as well
as the unit cost of carbon and the required speed of transition for achieving

targets. The latter, of course, is a function of the regulatory context as
implemented by the IMO and regional authorities, such as the EU. Based on
current and planned for global regulations, the pathway to achieving current
objectives for the decarbonisation of the shipping industry is shown in Figure 5.
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Figure 5. Projected pathways for the CO2 emissions of the shipping industry. Source: Smith et al. (2019).

The Fourth IMO GHG Study (2020) presents an updated marginal abatement
cost curve (MACC) for the industry based on the likely means available for
improving the energy efficiency or carbon intensity of the shipping industry:
energy-saving technologies; use of renewable energy; use of alternative fuels; and
speed reduction. This updated industry MACC is shown in Figure 6. While it does
account for all the planned for changes to the EEDI regulations, it does not
include the effect of the EEXI. On the basis of certain assumptions (particularly
concerning the future prices of zero-carbon fuels), this updated MACC reveals
that the objectives set within the IMO Initial Strategy are achievable, with
approximately 64 percentage of the total amount of CO: reduction contributed to
by the use of alternative fuels.
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Figure 6. Marginal abatement cost curve for 2050. Source: Fourth IMO GHG Study
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Given the perceived importance of alternative fuels (particularly zero carbon
alternative fuels) for achieving the decarbonisation objectives set for the shipping
industry, the future fuel mix and the unit price of those fuels is a critical factor.
The currently perceived range of potential alternative fuels, together with their
efficacy in reducing GHG emissions, is shown in Figure 7.
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Figure 7. Assessment of Fuels based on GHG reduction potential. Source: Lindstad (2021)

Of course, which of these possibilities actually emerges as viable fuels of the
tuture for the shipping industry depends on a number of factors, such as their
production costs, the volume of supply (availability), the cost of associated
technology (new engines etc) and the demand from shipping and other industries,
all of which will interact to influence the market price of each option, that will in
turn influence take-up. Indeed, as implied by Figure 8 and Figure 9, the unit price
of alternative fuels is critical to the total cost incurred by the industry in meeting
the IMO decarbonization objectives.
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Figure 9. Unit cost of reducing emissions with a low renewable fuel price. Source: Smith et al. (2019).

Between the limits of the future price of renewable fuels shown in Figure 8 and 9,
the range of possible future scenarios would appear to be virtually limitless.
Despite the difficulties involved, however, Smith et al. (2016) tested a range of
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possible scenarios as identified in Table 1, in order to determine the future

evolution of the maritime fuel mix over time to 2050, as shown in the graphs in

Figure 10 for each of the scenarios.

Table 1. Scenarios tested for determining emergent fuel mix. Source: Smith et al. (2016)

] Demand ! I
Regulation scenario (Sec.3 App. A) (Sec. 4 App. A) Techno economic (Sections 5 to 7, Appendix A)
Fair share .
X MBM Out- Bio Slow
deg:zc;eCtO; start sector | Trade scenario g,;ﬁi Fuel price | availability Steaming ';:avr b.tc Teclcwggtlngy
(2010-2100) year offsets scenario constraint
-Scenano ! All fuels 2-degree Lower
validation - - - 2 degree SSP3 axzcludmg price bound Very limited 3 50% | Full
run
" All fuels
Scenario 2 - 2-degree Lower -
BAU - - - 2 degree SSP3 zxzcludlng price bound Very limited 3 50% | Full
Scenario 3 All fuels
- BAU no - - - 2 degree SSP3 | excluding Z;icle‘;gree tgrf:é Very limited | 3 50% | Full
EEDI H2 P
s - 2-degree .
cenario 4 18 Gt 2025 0% 2 degree SSP3 | All fuels price Mid-range Relaxed 3 50% | Full
Scenario 5 23 Gt 2025 20% | 2 degree SSP3 | Al fuels i;i“::‘zg’ee Mid-range | Limited 3 | 50% |Ful
. 2-degree Lower o
Scenario 6 33 Gt 2030 20% 2 degree SSP3 | All fuels price bound Limited 3 50% | Full
. 2-degree Lower o 25% of full
0
Scenario 7 33 Gt 2030 20% 2 degree SSP3 | All fuels price bound Limited 3 50% price
Scenario 8 33 Gt 2025 | 20% | 2degree SSP3 | Al fuels i;i“’:‘igree Mid-range | Limited 3 | 50% | Ful
All fuels
Scenario 9 33 Gt 2025 50% 2 degree SSP3 | excluding LNG low Mid-range | Limited 3 50% | Full
H2
f’ge"a”" 79 Gt 2025 80% | 2degree SSP3 | All fuels LNG low Eﬂg Relaxed 5 | 80% | Ful
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Figure 10. Scenario-based evolution of aggregate maritime fuel mix. Source: Smith et al. (2016).
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The aggregate fuel cost profile that the shipping industry will face over the next
few decades is a function of both the fuel mix which is used and the average unit
price of the individual fuels that comprise the mix as it transitions over time.
Cleatly, these two factors are not independent of each other, something which
adds a further degree of complication when attempting to forecast future fuel
prices. However, some efforts have been made in this respect, with some of the
most influential presented in Table 2 - Table 4.

Table 2. Marine fuel price predictions in USD/ G] from Llpyds Register and UMAS (2020). Source: Lloyds
Register and UMAS (2020).

Primary energy source Fuel 2020 2030 2040 2050
oil LSHFO 8 11 11 11
Biomass Bio-Diesel 22 24 27 29
Biomass Bio-methanol wood 23 25 27 30
Biomass Bio-methanol waste stream 19 21 23 25
Substitution price from biofuels 9 19 26 33
Renewable electricity E-diesel 130 114 99 83
Renewable electricity E-methanol 84 73 63 52
Renewable electricity E-LNG 69 60 51 42
Renewable electricity E-ammonia 55 47 39 30
Renewable electricity =~ E-hydrogen 52 44 36 28
Natural gas NG-ammonia 28 26 24 23
Natural gas NG-hydrogen 25 23 21 19
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Table 3. Marine fuel price predictions from Lindstad (2021). Source: Lindstad (2021)

Present  Future

Annual operating hours with NG 5000 5000 hours
Annual operating hours with electricity 5000 5000 hours
Cost per kWh of NG 0.025 0.025 USD/kwWh
Cost per kWh of Electricity 0.060 0.020 USD/kWh
Capex and Opex DAC (Direct carbon capture from air) 0.20 0.10 USD per kg of CO2
Operational energy needed for DAC 2.60 1.50 kWh/kg of CO2
WTW Input/  Annual Annual Total Present  Future
Output - Capex+ cost of annual Cost per cost USD Cost
Input Output MI/MJ Opex Energy cost MWh per GJ UsD/G)J
MGO 510 per ton 500 per toe 43 12.0 12.0
VLSFO 430 per ton 440 per toe 38 10.5 10.5
LNG 445 per ton 380 per toe 32 9.0 9.0,
NG 345 per ton 295 per toe 25 7.0 7.0
Hydrogen NG 100 % 76 % 3.2 134 166 300 60 16.7 16.7
Electricity 100 % 69 % 3.5 103 435 538 108 29.9 13.8
Liquid Hydrogen NG 76 % 53% 4.5 45 428 473 95 26.3 26.3
Electricity 69 % 48 % 5.0 42 768 810 162 45.0 22,0
Ammonia NG 76 % 63 % 3.8 113 361 474 95 26.4 26.4
Electricity 69 % 57 % 4.2 102 648 750 150 41.6 22,2
E-LNG Electricity 69 % 46 % 5.2 103 803 906 181
DAC 7% 242 136 378 76
69 % 40 % 6.1 939 1284 257 71.3 32.0
E-Diesel Electricity 69 % 43 % 106 862 969 194
DAC 9% 327 230 556 111
69 % 34% 7.1 1092 1525 305 84.7 36.3
E-Methanol Electricity 69 % 46 % 5.2 68 810 878 176
DAC 9% 316 191 507 101
69 % 37 % 6.5 1001 1385 277 76.9 32.2

Table 4. Marine fuel price predictions from DNV (2019). Source: DNV (2019).
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

H2 (350 Bar) 65000 = 64090 | 63180 62270 @ 61360 @ 60450 59550 @ 58640 57730 56820 @ 55910 & 55000
H2 (Liquid) 77350 | 76267 | 75184 | 74101 | 73018 | 71936 | 70865 @ 69782 | 68699 | 67616 @ 66533 | 65450
Ammonia (20 Bar) | 10760 10609 & 10459 10308 @ 10158 | 10007 @ 9858 & 9707 | 9557 = 9406 9255 9105
MGO 8852 @ 8852 | 8852 | 8852 | 8852 | 8852 | 8852 & 8852 | 8852 | 8852 | 8852 | 8852

LNG 7912 7912 | 7912 | 7912 | 7912 | 7912 = 7912 = 7912 | 7912 | 7912 = 7912 | 7912

LBG 14618 | 14853 | 15088 | 15324 | 15574 | 15824 16074 & 16324 | 16588 & 16853 & 17118 | 17382
Biodiesel 14026 | 14128 | 14385 | 14615 | 14769 | 15192 | 15423 | 15654 | 15897 | 16038 | 16167 | 16308
Electricity 0,51 @ 0,51 0,50 0,58 0,59 0,61 0,63 0,62 0,61 0,60 0,59 0,58

Notes: Prices are those payable by business (i.e. including taxes, but excluding VAT) and are given in NOK per
tonne of fuel or NOK per RWh (electricity) and are assumed to be constant as ar 2030.

In addition to future uncertainty over the evolution of the maritime fuel mix and
the future price of fuels that comprise it, it seems increasingly likely that a further
cost will need to be incurred in terms of paying for the carbon which the industry
emits. This has already happened in some parts of the world and is about to be
introduced in Europe with the inclusion of shipping in the EU ETS. As a
consequence, the IMO is coming under increasing pressure to implement an
appropriate market-based mechanism at global level. Industry expectation,
therefore, is that this will bring about not only increased fuel costs, but also both
higher maintenance and capital costs.
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The question also arises as to what the future price of carbon that has to be paid
will be and how this impact will the costs for shipowners, the freight rates and other
costs payable by shippers and, ultimately, upon trade volumes as a result of
increased transport costs. Rojon et al. (2021) provide a comprehensive review of a
number of works looking at the impact of carbon pricing on freight costs (e.g.,
Faber and Rensma, 2008; Kronbak et al., 2009; Faber et al., 2010; Grausz and
Purvis, 2012; Anger et al., 2013; Sheng et al., 2018; ben Brahim et al., 2019). The
authors summarise the works reviewed by stating that, in all except one study, a
carbon price on maritime transport would increase freight costs by between 0.4 and
16 percentage, with most concluding the increase would be less than 10 percentage,
with a corresponding impact on import prices of mostly less than

1percentage. (2009), but not so for Ben Brahim et al. (2019) who conclude that
transport costs would double in such a circumstance and that there would be a 6—8
percentage increase in import prices as a response to a relatively high carbon price.
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3 Modelling costs for future scenarios of development

The aim of the modelling part of this study is to foresee the likely economical
outcome and subsequent consequences for Swedish shipping and shipping
companies, and everyone who relies on the services from shipping to and from
and within Swedish waters, if and when different measures within the Fit for 55
packages being implemented.

The consequences have been calculated as costs for shipping within the scope of
this study as well as in relation to fuel costs for a base case assuming none of the
now discussed and negotiated Fit for 55 packages connected to shipping being
implemented. The base case is a case where shipping continue to pay zero costs
for emissions, fuel taxes and continue to burn fossil fuels.

The scope for the calculations has been domestic shipping as well as shipping to
and from Sweden which is included in the energy statistics compiled by the
Swedish Energy Administration. Hence this report is calculating Swedish shipping
bunker consumption based on the fuel sold in Sweden according to what also is
reported as Swedish emissions of greenhouse gases.

The perspective for the cost calculations have been costs that occurs for the
shipping company. We have made simplifications which means that parts of the
possible and likely costs have been disregarded such as increased bunkering and
port costs. Also, investment and running costs that a shipping company will be
taced with, introducing new technology in order to run ships on new alternative
tuels, has been disregarded including possible loss of cargo carrying capacity.
Therefore, the cost estimates presented shall not be seen as a level of total costs
that comes with the introduction of the different measures under study. Instead, it
is cost estimates for bunker purchase and for the following specific items that has
been calculated:

- Costs for emission allowances if shipping is being included in the EU ETS.

- Additional costs for alternative fuels if the FuelEU Maritime Directive
being implemented.

- Costs for taxes if the ETD is implemented and that bunker fuels being taxed.

Rationality for just looking at the costs related to the fuel is mainly for making a
necessary simplification which has been assessed to be reasonable fair in respect
to the cost levels for the different aspects. One such comparison that support this
choice is that the large part (74%) of increased costs for the shipping companies
was assessed to come from the increased fuel costs and that the increased capital
and operational costs was a lot less within the impact assessment for Fuel EU
Maritime in European Commission (2021 b). On the other hand, the introduction
of new cleaner alternative fuels will also decrease some costs on-board such as
heavy fuel oil pre-treatment and exhaust gas cleaning.
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3.1 Scenarios being studied

The base case for which the different scenarios are compared to relates to an
energy consumption scenario for Swedish shipping transportation to and from as
well as within Swedish waters where all consumed fuel is assumed to be fossil
tuels. All scenarios described below are compared with this “Base case scenario”
with further details in section 3.2.

Costs for the base scenario are related to consumption of fossil Marine Gas Oil
(MGO) and relates within the base scenario to increased transport work over time,
which is adjusted for energy efficiency gains for ships during the close next years
due to IMO measures such as EEDI, EEXI and CII.

The scenarios studied and compared to the base scenario are the following:

1. Scenario based on the inclusion of shipping within the ETS as one of
the proposed measures within the Fit for 55 packages. Calculations
being made for both the case that bunker fuel mix is assumed to still
be predominantly based on fossil fuels and the case if the fuel mix will
develop in line with requirements in the EUFuel Maritime. With the
assumptions that total energy consumption develops in line with the
base case.

2. Scenario based on the implementation of FuelEU Maritime which
will require an increased share of alternative bunker fuels within the
European shipping over time as one of the proposed measures within
the Fit for 55 packages. With the assumptions that total energy
consumption develops in line with the base case.

3. Scenario based on the implementation of ETD which will require that
a higher respectively lower tax for fossil respectively alternative bunker
tuels within Europe will be implemented as one of the proposed
measures within the Fit for 55 packages. With the assumptions that
total energy consumption develops in line with the base case.

4a.  Scenario where the combined measures within the Fit for 55
packages will be implemented e.g., the EU ETS, the FuelEU Maritime
and the ETD. With the assumptions that total energy consumption
develops in line with the base case.

4b.  Scenario where the combined measures within the Fit for 55 packages
will be implemented e.g. the EU ETS, the FuelEU Maritime and the
ETD. With the assumptions that total energy consumption and
transport work develops in line with the base case but with adjustments
for decrease as an effect of increased pressure for energy efficiency and
lowered demand for transportation due to increased costs.
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3.2 Methodology

Calculations are made for different scenarios where measures related to shipping
proposed within the EU Fit for 55 package has been analysed and compared to a basic
scenario with only already decided measures assuming ships to a large extent will
continue to consume non-taxed fossil fuels without paying for greenhouse gas emissions.

The measures being studied within the Fit for 55 packages are the following
proposals, including shipping within the EU ETS, the FuelEU Maritime proposal
and the ETD.

3.2.1 Consumed energy within the shipping sector related to Sweden

The energy scenarios and calculation methods for COx is taken from the report
Fridell (2022). The base scenario in the Fridell study for the expected
development of energy consumption is based on the expected development of the
transport work related to international and domestic shipping in Sweden in
prognosis by Swedish Energy Agency, for which energy consumption for a
number of ship segments is applied and for which known and already decided
IMO regulations such as EEDI and EEXI has been applied. The prognosis has
been applied to the fuel sold in Sweden according to what is reported as Swedish
emissions of greenhouse gases.

The energy consumption development for the case where energy consumption
follows transport work growth as well as for the case where estimated decrease in
total transport work and increase energy efficiency due to the implementation of
the Fit for 55 packages (EU ETS and Fuel EU Maritime) has been applied can be
seen in Figure 11. The decrease in estimated energy consumption within the sector
during the upcoming ten years is a result of estimated effects from the energy
efficiency demands on new and existing vessels within the EEDI and EEXI
which are mandatory guidelines from IMO that requires a minimum energy
efficiency level per capacity mile (e.g. tonne mile) for different ship type and size
segments for new (EEDI) and existing (EEXI) ships. It might be the case that
future more stringent EEDI and EEXI measurement will continue to decrease
total energy consumption, but such possible measures have not been taken into
considerations in this study. Therefore, the total consumption continues to
increase in the model used from 2030 and onwards linked with estimated increase
in total transport work.
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Figure 11. Estimated energy consumption for the base case taken from Fridell (2022). The black curve relates to
an energy scenario where consumption is estimated based only on already decided measures such as EEDI and
EEXIL. The blue line relates to a prognosis also adjusted for the likely increase of energy efficiency and decreased
demand for transport work due to inplementation of FuelEEU Maritime higher costs in line with prognosis by the
European Commission (2021 a).

3.2.2 Fuel costs

As described in section 2.3 Evaluating the impact of decarbonization on shipping costs and
shown in Table 2 - Table 4 there are a number of predictions for future fuel costs
available from different sources. In order to decide on the basis for the scenario
calculations, comparisons and analysis for some of the different present and future
costs has been made. Such comparisons can be seen in Figure 12 where predicted
price development for some specific fuels has been plotted. The Lindstad (2021)
study has been chosen as the main source for fuel costs mainly since it is a
relatively recent study, the numbers match well with other sources and the
predictions cover the same time hotizon as this study (2020-2030). A linear cost
development has been used between present values (2020) and future values
(2050). For LBG (liquified biogas) and biodiesel costs, the DNV GL (2019) study
has been used with the assumption that 2030 costs will stay at the same level
towards 2050.
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Figure 12. The figure contains cost compiled estimates from three different studies. The Lindstad (2021 study
predicts costs for 2020 and 2050, Korberg (2021) only predicts costs for 2030 (shown as square dots) and the
DNV GL (2019) study presents annual cost development predictions for the years 2019 until 2030. The height
of the colour coded ellipses illustrates the cost spread between the studies for similar fuels.

3.2.2.1 Fuel mix development

For the base case, the fuel mix that has been used is the mix assumed and used by
the Swedish Energy Administration for their case with introduction of new policy
measures where the mix of fuels predominantly would still be based on fossil fuels.

For the case that FuelEU Maritime is being applied, we have assumed that the
carbon intensity shall develop in line with Figure 13 (as required in the Fuel EU
Maritime directive proposal). The fuel mix being applied is taken from the
European Commission (2021 b) where the scenario PO2 has been chosen.
Scenario PO2 requires maritime operators to achieve a certain goal in terms of
carbon intensity of the energy used from 2025 onwards but would retain freedom
on the choice of fuels (and technologies). See Figure 14.
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Figure 13. Planned development of the greenhouse gas intensity in the fuel relative to 2020 in accordance with
proposals for the design of EUFuel Maritinse.
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Share of renewable and low Baseline PO1 PO2 PO3
carbon fuels in maritime energy
use (in %) 2030 2050 2030 2050 2030 2050 2030 2050
Total 0.3% 1.4% 8.6% 86.9% 8.6% 89.5% 8.6% 88.8%
Share of renewable and Low Baseline POl PO2 PO3
carbon fuels in maritime energy
wse (in %a) 2030 2050 2030 2050 2030 2050 2030 2050
biofuels 0.1% 1.3% 6.0% 39.0% 6.2% 47.8% 6.1% 42 4%
bio-LNG 0.0% 0.0% 1.2% 14.2% 1.2% 16.8% 1.2% 15.4%
e-liquids 0.0% 0.0% 0.2% 16.3% 0.0% 13.4% 0.1% 15.8%
e-2as 0.0% 0.0% 0.0% 6.5% 0.0% 4.9% 0.0%% 5.6%
hvdrogen 0.0% 0.0% 0.0% 7.9% 0.0% 4.8% 0.0%a 7.2%
anmonia 0.0% 0.0% 0.0% 0.5% 0.0% 0.2% 0.0% 0.4%
methanol 0.0% 0.0% 0.0% 0.3% 0.0% 0.1% 0.0 0.2%
electricity 0.1% 0.1% 1.3% 2.1% 1.2% 1.4% 1.2% 1.9%
af which at berth 0.1% 0.1% 1.2% 1.0%% 1.2% 1.0%% 1.2% 1.07%
Sowrce: PRIMES-Maritime, E3Modeling; Mote: hydrogen in this table covers both hydrogen used in fuel cell vessels and direct use of

hydrogen.

Figure 14. Scenario development of fuels within EU as prognosis made and included in the proposal for
implementation of shipping within EU E'TS. Scenario PO2 being used has been highlighted with in red.

The PO2 fuel mix shares presented in Figure 14 has been assumed with a high
share of biofuels as those fuels were seen as the most costs efficient. Since we see
that for example renewable produced ammonia and methanol seems to offer
lower fuel costs over time, the fuel costs calculations have been adjusted with the
lower fuel costs.

3.2.2.2 Costs for emission allowances within EU ETS

The development of emission allowances within the EU Emission Trading System
(ETS) has shown a large cost increase for allowances during the last years. From
levels around 15-30 EUR/ton CO: during the years 2018-2020, the cost has now
(mid 2022) reached the levels of 80-90 EUR/ton COs. It is truly difficult to
foresee the future cost development, as such development for example will
depend on which level of political ambitions for reductions that will be
implemented over time. For this study, a cost level of 100 EUR/ton CO: has been
used for all the years 2020 — 2050.

3.2.2.3 Costs for taxes within the ETD

The proposal for the Energy Taxation Directive is described within section 2.2.
The cost levels being used in the scenarios ate a cost of 0.9 EUR/GJ being
applied to fossil fuels except LNG being taxed €0.6/GJ and a rate of 0.15
EUR/GJ being applied to electricity, advanced sustainable biofuels and biogas and
renewable fuels. Within the calculations, the tax has been applied to all bunkers,
which is a slight overestimate of the ETD, as the tax as proposed only shall apply
for intra-EU shipping (from an EU port to another EU port). This simplification
was made since approximately 75 percentage of all calls to and from Swedish
ports will be intra-EU traffic and the tax as proposed will have a relatively small
impact compared to ETS.
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3.3 Results from scenario modelling

The different scenarios under study, described in section 3.1 has been analysed in
terms of costs incurred from requirements to purchase emission allowances for
greenhouse gases produced, increased fuel costs when new alternative and low
carbon fuels being introduced and additional costs for energy taxation. These
parameters have been analysed separately and together for the period from 2025
until 2050 and also in relation to a base case which has been costs for purchase of
conventional fossil fuel (MGO) as per todays premises without tax, no cost for
emissions being emitted or any requirements for low carbon fuels drop-in etc.

3.3.1 Scenario 1. Introduction of the EU ETS

The scenario is based on the inclusion of shipping within the ETS as one of the
proposed measures within the Fit for 55 packages.

The first calculation made has been for the ETS being applied as a stand-alone
measure without any demand on alternative fuels and therefore applied on the
base case scenario of predominantly use of fossil fuels within the shipping
industry. Results are shown in Figure 15. For the assumed level of costs for
emission allowances (100 EUR/ton CO»), the increased cost for the ETS would
be just below the cost for the fossil fuel purchased (cost increase of

70-80 percentage compared to base case).

MEUR/year Increase
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Figure 15. Scenario based on the inclusion of shipping within the E'TS as one of the proposed measures within the
Fit for 55 packages. Calculations for both the case that bunfker fuel mix assumed to still be predominantly based
on fossil fuels. With the assumptions that total energy consumption stays the same as the base case. Fuel cost for
Base case relates to conventional fossil fuels being used withont any taxes, emission allowances ete.

If the cost calculations for the ETS introduction instead is made with the
assumption that also the FuelEU Maritime Directive is being applied, that will
mean that the ETS costs will be applied on a different fuel mix with an over-time
increased share of alternative low carbon fuels. Using year 2025 as a starting point
for the assessments will give the case that the ETS is applied on the Base case
scenario during the whole scenario period. The ETS costs will over time decrease,
in line with alternative fuels being introduced, as seen in Figure 16. The cost
increase will stay at a level of 70-80 percentage until 2030 when the share of
renewables will start to increase more significantly and hence decrease the ETS
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costs down to some 15 percentage increased costs when total share of renewables
has increased in line with EUFuel Maritime requirements.

Calculations for both the case that bunker fuel mix assumed to still be
predominantly based on fossil fuels and that the fuel mix will develop in line with
requirements in the EUFuel Maritime. With the assumptions that total energy
consumption develops in line with the base case.

MEUR/year Increase
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Figure 16. Scenario based on the inclusion of shipping within the E'TS as one of the proposed measures within the
Fit for 55 packages. Calculations for the case that bunfker fuel mix will develop in line with requirements in the
FuelEU Maritime. With the assumptions that total energy consumption stays the same as the base case. Fuel cost
Jfor Base case relates to conventional fossil fuels being used without any taxes, emission allowances ete.

3.3.2 Scenario 2. Introduction of the FuelEU Maritime Directive

The cost calculations for Scenario 2, implementation of FuelEU Maritime, are
based on estimated costs for alternative low carbon fuels, compared to costs for
the purchase of conventional fossil fuels such as MGO. The introduction of
alternative fuels follows the required steps in line with the proposal from the
European Commission. (2021 b) and basis for fuel mix has been in line with the
estimates in the proposal. Costs for fuels has been taken from Lindstad (2021) and
is further described under 3.2.2 Fuel costs.

Results of calculations in terms of fuel costs can be seen in Figure 17. Additional
costs for alternative fuels will increase in line with increased requirements for
carbon intensity in the fuel mix from 9 to close to 100 percentage increase in 2050
compared to the base case with only conventional fossil fuels.
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Figure 17. Scenario based on the implementation of FuelEU Maritime which will require an increased share of
alternative bunfker fuels within the European shipping over tine as one of the proposed neeasures within the Fit for
55 packages. With the assumptions that fotal energy consumption stays the same as the base case. Fuel cost for
Base case relates to conventional fossil fuels being used without any taxes, emission allowances ete.

3.3.3 Scenario 3. Introduction of the ETD

The scenario with calculations for cost increases with the implementation of the
proposed ETD with taxes in line with what has been described under heading The
Energy Taxation Directive (page 20 and page 39).

Results from cost calculations are shown in Figure 18 with costs starting at a
higher level, decreasing over time in line with the introduction of alternative low
carbon fuels, assuming that the Fuel EU Maritime Directive is introduced, due to
substantially lower taxation levels for alternative low carbon fuels. If the shipping
industry would continue to use fossil fuels, the increased costs will remain at

+8 percentage compared to the base case as shown in Figure 19.

In Figure 20 total fuel costs and energy taxation for the cases where new alternative
tuels are being introduced are compared to where ships continue to sail on fossil fuels.
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Figure 18. Scenario based on the implementation of E'TD, where a higher respectively lower tax: for fossil
respectively alternative bunfker fuels within Europe will be implemented, as one of the proposed measures within the
Fit for 55 packages. With the assumptions that total energy consumption stays the same as the base case. Fuel cost
Jfor Base case relates to conventional fossil fuels being used withont any taxes, emission allowances ete.
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Figure 19. Scenario based on the implementation of E'TD, where a higher respectively lower tax for fossil
respectively alternative bunfker fuels within Europe will be implemented, as one of the proposed measures within the
Fit for 55 packages. Caleunlated with the assumption that fuel mix predominantly will continue to be based on
Jfossil fuels just to show a scenario development withont EUFuel Maritime requirements. Also with the
assumptions that total energy consumption stays the samee as the base case. Fuel cost for Base case relates to
conventional fossil fuels being used without any taxes, emission allowances ete.
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Figure 20. Scenario based on the implementation of E'TD where a bigher respectively lower tax: for fossil
respectively alternative bunfker fuels within Europe will be implemented, as one of the proposed measures within the
Fit for 55 packages. Total fuel costs and energy taxation for the cases where new alternative fuels are being
introduced are compared to where ships continue to sail on fossil fuels. With the assumptions that total energy
consumption stays the same as the base case. Calculated for the case that either the fuel mix will be predominantly
still based on fossil fuels or the case that the fuel mix will develop with alternative low carbon intensity fuels in line
with FuelEU Maritime requirements.

3.3.4 Scenario 4. Combined measures

Within the Fit for 55 package, several measures has been proposed and is at
present (June 2022) negotiated within the European Parliament. It stills seems
likely that all measures being studied within this work comes into force and it is
therefore interesting to see the combined effects of the three proposals being
studied, the ETS, the FuelEU Maritime and the ETD. Within Figure 21 the
combined effects of both the ETS and the FuelEU Maritime for shipping can be
seen. Within Figure 22, the combined effects for all three measures are being
shown, both two figures show result based on the assumption that total energy
consumption develop similar as for the base case.
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If also the dynamical effects on energy consumption and demand for transport
work due to increased costs, driving energy efficiency, is taken into consideration,
total cost increase will be slightly lower which is shown in Figure 23. Over time,
costs for fuels will increase as the alternative, low carbon fuels will have an
increased share in line with FuelEU Maritime requirements and such fuels will be
more expensive. On the other hand, as seen in Figure 12, alternative fuels will
become less expensive over time. Also, the costs for emission allowances as well
as the energy tax will decrease with higher shares of low carbon fuels. Altogether,
the introduction of the three measures, ETS, ETD and Fuel EU Maritime within
the EU shipping, will increase costs significantly to a level of 80 — 90 percentage
compared to fossil fuel costs and over time with higher shares of renewable fuels,
total cost increase will rise towards 100 — 130 percentage.
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Figure 21. Scenario based on the inmplementation of FuelEU Maritime and the E'TS which will require an increased
share of alternative bunfker fuels within the European shipping over time as one of the proposed measures within the
Fit for 55 packages. With the assumptions that total energy consumption stays the same as the base case. Fuel cost for
Base case relates to conventional fossil fuels being used without any taxces, emission allowances efe.
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Figure 22. Scenario where the combined measures within the Fit for 55 packages will be implemented; the EU ETS,
the Fuel2U Maritime and the ETD. With the assumptions that total energy consumption stays the same as the base
case. Fuel cost for Base case relates to conventional fossil fuels being used without any taxes, emission allowances ett.
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Figure 23. Scenario where the combined measures within the Fit for 55 packages will be implemented; the EU
ETS, the FuelEU Maritime and the E'TD. With the assumptions that total energy consumption and transport
work decrease as an effect of increase pressure for energy efficiency and lowered demand for transportation due to
increased costs. Fuel cost for Base case relates to conventional fossil fuels being used without any taxes, enission
allowances ete.

3.3.5 Total amount of avoided carbon dioxide and costs for policy measures

In order to understand and assess the effects for society, it is also interesting to
see the total amount of CO» that will be phased out by the introduction of the
measures being proposed and studied. A rough calculation has therefore been
made for total COz equivalents in a well-to-wake life cycle perspective, which can
be seen in Figure 24, where introduction of the FuelEU Maritime Directive is
compared to emissions if fossil fuels would continue to be used.
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Figure 24. Annual amonnt of avoided CO2 with the inplementation of Fit for 55 measures with phase out pace
in line with requirements in Fuell2U Maritinse.

Another way of looking at the different costs is to derive costs for fuel, emission
allowances for carbon dioxide (ETS) and Energy taxation (ETD) for the amount
of energy that 1 tonnes of Marine Gas Oil (MGO) contains, applying the cost
structure development described in the beginning of this chapter. In Figure 25 and
Figure 26 such development can be seen, which shows that the business case
switching from MGO to ammonia could be likely to happen after 2050 with the
assumptions made within these calculations. On the other hand, the costs related
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to production of renewable biogas in liquid form (LBM) is assessed to be at a level
where an introduction of ETS and ETD makes the business case for such switch
could come close to be an economically sound measure for a shipping company
depending also on fossil fuel price development (Jivén, 2022). However, market
price for biogas has to a large extent been linked to the price of the fossil variant
LNG which dramatically has increased in price since 202 and the price
development for biogas is also difficult to predict going forward.
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Figure 25. Excample of cost structure development for fossil MGO and Ammonia. Calenlated for 1-ton MGO ~
12 MWh and for similar amount of energy content of renewable anmonia. Fuel price, Emission allowances
(ETS) and Energy taxation (E'TD) in EUR.
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Figure 26. Excample of cost structure development for fossil MGO and biogas (Liguid Bio Methane - LBM).

Calenlated for 1-ton MGO ~ 12 MWh and for similar amount of energy content of renewable I BM. Fuel price,
Ewmission allowances (E'TS) and Energy taxation (ETD) in EUR. Assuming zero carbon dioxide equivalents
from biggas.
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Another angle would be to compare the total costs for transportation with or
without the introduction of the measures proposed within the EU Fit for 55
package. Such calculations can be made for different ship segments and case
transportation. Just as example, such calculations have been applied for a product
tanker transportation of petroleum products as a domestic transport of products
from a refinery on the Swedish West coast to a final destination on the Swedish
East coast with a 16.000-dwt product tanker running on MGO. The total
transport cost increase, in case Emission allowances (ETS) and Energy taxation
(ETD) according to the proposals under study are being applied, would be some
20 percentage (see Figure 27).

EUR/cbm cargo

10
8
6
4
2

Without ETSand ETD With ETS and ETD

m Time Charter m Port cost o Fuel mETS mETD

Figure 27. Transportation costs per cubic meter of petroleum products with a product tanker on a 5-day roundtrip.
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4 Discussions and conclusions

Based on forecasts which predict a continuous growth in wotld trade, it is clear
that operational measures will not provide a solution to the challenge of either
reducing or, more particularly, eliminating the GHG emissions of the shipping
industry. This has justified the tightening up of the regulatory environment, where
plans are in place for even more stringent measures into the immediate future,
particularly with the increasing imposition of market-based measures around the
wortld at regional, national and sub-national levels.

Dessens et al. (2014) found that, compared with the base scenario (i.e., using fossil
tuel), a global ETS could reduce the CO2 and non-CO» emissions of shipping by
up to 65 percentage from 2000 to 2050. The imminent inclusion of shipping
within the EU ETS is the most radical industry intervention currently on the
horizon and has stimulated much more intense discussions within the IMO on the
introduction of a global ETS for shipping. However, any efforts by the IMO to
develop a global ETS for shipping will face significant challenges. Establishing a
global scheme is much more difficult than a regional one, owing to the political
obstacles that are faced (Haites, 2009) and, in any case, such a scheme will never
be perfect, as there will always be some countries or regions that suffer
disadvantages (Miola et al., 2011). For example, the pricing of carbon for the
shipping industry is likely to increase the freight costs of ‘Small Island Developing
States (SIDS)’ and ‘Least Developed Countries (LDCs)’, due to these countries
tending to be far from major trading routes and because port efficiency is low in
these countries. For example, a 10 percentage increase in per unit transport cost
can lead to an 8.5 -18.5 percentage decrease in the quantity of exports from these
counties (Rojon et al., 2021).

Another issue for the IMO is that any global ETS that IMO might develop and
implement would necessarily apply only to the maritime industry (i.e. it would be a
closed ETS). In an open ETS, carbon trading is allowed between different
industries, while in a closed scheme, carbon emission allowances can only be
traded between companies within the shipping sector. Wang et al. (2015) have
analysed the impacts of an open ETS and a Maritime-only ETS on the container
and dry bulk shipping markets. The former is found to be more likely to be a
buyer of emissions allowances, while the dry bulk shipping sector has a high
possibility to become a seller under both an open and a closed ETS. The spill-over
effects between different shipping markets, therefore, are significant under a
closed system. In an open ETS, as has proved to be the case in California and
China, for example, and as would probably be the case with the EU ETS, the
ability to trade CO: (or wider GHG) allowances with other industries is expected
to reduce the marginal emissions costs for the shipping industry and enhance
market transparency (Miola et al., 2011). On the other hand, Haites (2009) argues
that an open scheme is more costly and time consuming, and that the international
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nature of the shipping industry and the mobility of the asset base makes it so
different from others and that, therefore, this calls for a closed ETS. The EU,
however, appears to be opting for the inclusion of shipping (as with aviation) into
the currently open EU ETS. The EU anticipates that this will capture emissions of
about 90 million tonnes of CO: (or equivalent) a year which, at the current market
price of €82 per tonne, would require shipping companies to surrender allowances
to the value of €7.38 billion per year once the scheme was fully up and running in
2026. Of course, one of the most important issues for the shipping industry is not
just the sheer value of this cost increase, but also its uncertainty in that this cost
will fluctuate in line with the price of carbon in the marketplace.

Irrespective of the potential for the IMO to implement a global ETS, many
scholars argue that a carbon tax might be more efficient than an ETS (Garcia et
al., 2020; Kim and Chang, 2014). Mellin and Rydhed (2011) report that
commercial ports in Sweden were keen to implement regulations to reduce
emissions and that they were positive towards CO: differentiated port dues (97%),
tollowed by a technical standard (92%), COx taxation (84%) then shipping being
included in the EU ETS (74%), even though some respondents anyway believed
that shipping would ultimately be included in the ETS. Wu et al. (2022) argues
that an ETS is more complicated than a carbon tax and is more market-oriented
and that, therefore, it is not clear which one is better based on some simplified
model. A well-designed carbon levy with a predictable price is expected to achieve
the IMO 2050 ambition, with the collected funds expected to be used for research
and development to reduce the buyer's cost (BHP; et al., 2019). To test the
efficacy of a carbon levy (tax), Kosmas and Acciaro (2017) compare the effects of
two different levies - a unit-tax of $10-300 per ton of fuel and an ad-valorem tax
(tax based on the assessed value of an item) with charges of 5-80 percentage per
ton of bunker fuel. The study concludes that both levies lead to declining industry
profits and that the extent to which the additional cost can be passed on to
customers depends on market characteristics.

Ultimately, under a ‘Business-as-Usual’ scenario, the aggregate GHG emissions of
the shipping industry will continue to increase into the future, as trade and the
sector itself continues to grow at such a rate that it overwhelms incremental
operational and technological improvements to the energy efficiency of ships.
IMO actions with respect to reducing or eliminating the GHG emissions of the
shipping industry are generally perceived to be slow, too late, weak and
unambitious; a document of the European Parliament (2022) asserts that “The
efforts of the IMO are more than disappointing”. There is now significant
pressure on the IMO to implement more ambitious objectives and rigorous
action, particularly with respect to the implementation of market-based measures.
Should a more stringent regulatory context emerge as a result, significantly greater
pressure will be exerted on the shipping industry for compliance and to hasten its
pathway to full decarbonisation. While there does exist some scope for greater
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efficiency in operations and for technological innovation and investment, even the
IMO itself acknowledges that the optimal pathway to the full decarbonisation of
the industry relies upon the development and use of low/zero carbon alternative
tuels and that much of the technological innovation that will be seen over the
coming years will relate to installations, both aboard and ashore, that facilitate
their deployment. Forecasting the future evolution of the fuel mix and the prices
of the fuels comprising it, in tandem with the emergent price of maritime carbon
emissions, are pivotal to gaining an understanding of the pace of change within
the sector and to the achievement of objectives.

Costs related to marine fuels as well as ship transportation within the EU are likely
to increase if some or all the measures related to shipping within the EU Fit for 55
package are implemented. In relation to transport cost increase, the additional costs
tfor ETS, taxes and alternative fuels are still relatively low-cost increases in
comparison to the price fluctuations for ship transportation that have occurred
lately. Where for example container transportation costs levels has increased 5 times
during the last years in connection to the pandemic and other market conditions*.

According to calculations within this study (see section 3.3 Resuits from scenario
modelling), the cost for fuelling the ships can be expected to increase at a level of
70-80 percentage for the EU ETS for ships and the EU energy taxation for
bunker fuels is expected to increase costs for bunkers by about 8 percent.
Depending on the market development for alternative low carbon fuels, a
shipping company is over time expected to substitute the fossil fuels with
alternative fuels and hence neutralise the large part of ETS and fuel tax. Such fuels
will generally be more expensive and the added costs for fuel switch could be at
the level of the expected costs for ETS and fuel tax for some renewable fuels such
as biogas.

The scenario calculations in section 3 shows that in case the proposals related to
shipping within the Fit for 55 Package, EU ETS, the FuelEU Maritime and the
ETD are all implemented in line with the proposed and discussed design, a major
decrease of carbon emissions from shipping can be achieved. In total a decrease at

a level of 80 percentage compared to a base level without the Fit for 55 packages
can be achieved in 2050.

With the proposed Fit for 55 measures, the shipping industry will in the beginning
be paying for the energy tax on purchase of fossil fuels as well as for buying
emission allowances within the EU ETS system. The combined costs show a total
cost increase of around 80-90 percentage compared to current costs for fossil
tuels. This relates to the implementation of the ETS and the FuelEU Maritime
Directive and the ETD. Over time, costs will in line with the introduction of
alternative low carbon fuels be shifted towards additional costs for the purchase

4 See for example Global container freight rate index: from Jannary 2019 to May 2022 from
https:/ /www.statista.com/ statistics / 1250636/ global-containet-freight-index/
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of such fuels that comes with less costs for energy tax and ETS and also increase
towards an additional cost of 100-130 percentage.

The actual price development for different alternatives as well as conventional fossil
marine fuels is difficult to foresee as they will depend not only on price for
production but also on market fluctuations, political development, supply and
demand. However, predictions made in different studies foresee a decrease in
production costs for alternative low carbon marine fuels over time. According to
estimates within this study it looks like some alternative fuels such as biogas (LBM)
would be possible to fuel ships at similar cost levels as fossil fuels such as MGO if
the ETS and the ETD is introduced. Other fuels such as renewable produced
ammonia seems to continue being more costly to use for many years to come, until
additional incentives being implemented, and production costs have decreased.

Finally, calculations within this study show that annual costs for ship fuel
bunkered in Sweden, today is at a cost level of approximately 1 000 million Euro
annually. This relates to the costs for bunker purchase of fossil fuels. The
proposed measures within Fit for 55 with ETS and ETD and further on
requirements in FuelEU Maritime would over time increase the costs towards a
cost level of 3000 million Euro annually. At first, costs will mainly relate to ETS
and ETD in form of carbon allowances and energy tax. Over time, while
alternative low carbon fuels will be introduced, the additional costs will increase
and instead mostly be linked to the fuel industry producing and providing the
tuels. This is a billion Euro industry that could benefit the market within Sweden
and our neighbouring countries that can provide clean local energy and at the
same time contribute to the sustainable green job market.
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