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IN EU

* In terms of freight volume 75% of EU’s foreign trade and 31%
of domestic trade is transported by ships

* EU passenger ships transports annually 400 million
passengers, including 14 million cruise passengers

THE ROLE ”Shipping has a vital role in the European transport system and

plays a critical role in the European economy”

OF * Maritime transport responsible for 11% of EU’s total CO2
emissions in the transport sector and 3% - 4% of EU’s total

SHIPPING €02 emissions.

”SUOMI ON SAARI” '
TULLIN TILASTO SUOMESSA 01/2023-06/2023

Merikuljetuksien osuus n 96% ulkomaankaupan kuljetuksista : /
vienti/tuonti (kg)
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IMO 2011-2023 ADDRESSING CLIMATE CHANGE %

Addressing climate change

A decade of regulatory action to cut GHG emissions from shipping:
towards phasing out GHG emissions from international shipping as soon as possible in this century

- Consideration of GHG Lifecycle . At least 50% reduction of
Committee outputs: assesuinant glagelings the total annual GHG
Adoption and consideration of . Consi i i N
e e Fuel consumption data c of 2 of imp « At least 70% reduction of
on States of candidate measures CO, per transport work

5 s 1 and Initial IMO coliection (DCS) regulations Short-term GHG reduction measure:
%m nex V1) and Iritial EEXI, Cll and rating regulations

Initial IMO Strategy on reduction
1t Energy efficiency regulations of GHG emissions from ships

+ Mid-term measures workplan:
Consideration of possible measures At least 40% reduction of
L CO, per transport work
Revision of the
for ships: EEDI and SEEMP Initial IMO Strategy
2012—2013—2014—2015—2016—2017—2018—201 9_2uzo@2022_2023_2024_2025 mﬁ

15t Cll rating

Implementation: 1<t Annual fuel
entry-into-force consumption reporting EEDI phase 3 for
dates of mandatory remaining ship types
‘measures and data:
support EEDI and SEEMP EEDI Phase 1 EEDI Phase 2 EEDI Phase 3 for
certain ship types
Aggregated results of the Collection of carbon intensity
2019 fuel consumption data data (CHl) for existing ships
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Rederierna i Finland
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IMO adopted MEPC.304(72)
IMO’s 2018 initial GHG
strategy:

NOW UPDATED in 2023.

Initial IMO Strategy on reduction of GHG emissions:
Vision and ambitions

Total: 50 % red.
Intensity: 70 % red.

2008 as
baseyear Intensity: 40%red. | ="

Peak asap PPl
----- smssican=r=200 o} Emission gap l-—- Zero emissions

asap within
g this century

2008 2020 2030 2040 2050 within 2100



2023 IMO GHG STRATEGY

In July 2023 IMO MEPC adopted Resolution MEPC.377(80) which is the

revised GHG reduction strateqgy 1or global shipping

1. CARBON INTENSITY of the ship to decline through further improvement
of the energy efficiency for new ships

2. CARBON INTENSITY of international shipping to decline

To reduce CO2 emissions Eer transport work, as an average across international
shipping, by at least 40% by 2030, compared to 2008

3. uptake of zero or near-zero GHG emission technologies, fuels and/or
energy sources to increase

uptake of zero or near-zero GHG emission technologies, fuels and/or energy
sources to represent at least 5%, striving for 10%, of the energy used by
international shipping by 2030; and

4. WTW GHG EMISSIONS from international shipping to reach net zero

to peak GHG emissions from international shipping as soon as possible and to
reach net-zero GHG emissions by or around, i.e., close to, 2050, considering
different national circumstances whilst pursuing efforts towards phasing them
out as called for in the Vision consistent with the long-term temperature goal
set out in Article 2 of the Paris Agreement

M Suomen Varustamot

Rederierna i Finland
Finnish Shipowners’ Association

Outline of ambitions and mini indicative checkpoints in the d IMO GHG
Units: GHG emissions
El Emission pathway
in line with IMO’s
@ revised GHG strategy
) Bl Emission pathway
- in line with IMO’s
2018 GHG strategy
To Bl Business-as-usual
20% red emissions
Emission gap
®,
\ G
L

2008 2020 2030 2040 2050
Total: Well-to-wake GHG emissions; Intensity: CO, emitied per transport work; Fuek: Uptake of zero or near-zero GHG technologies, fuels and/or energy sources

Illustration: DNV Maritime Forecast to 2050 (2023)

ADDITIONALLY two indicative checkpoints to reach net-zero GHG

.1 to reduce the total annual GHG emissions from international
shipping by at least 20%, striving for 30% in 2030, compared to 2008;
and

.2 to reduce the total annual GHG emissions from international
shipping by at least 70%, striving for 80% by 2040, compared to 2008.
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IMO SHORT TERM MEASURE AND REGULATORY 110
FRAMEWORK TO MEET IMO 2030 TARGET

’IMO has estimated that the operational
carbon intensity of int. shipping has
improved 23,6% from 2008 until end of
2019 (target -40% by 2030)’

MEPC 76 (June 2021)

IMO adopted concreate measures in Marpol Annex VI to safe guard
that the 2030, at least -40%, carbon intensity target for shipping is
met. The hybrid regulation that was approved was a) EEXI (Energy
Efficiency Existing Ship Index) and b) Annual Operational Clii
(Carbon Intensity Indicator and rating system) a.k.a the ”CII”. EIF
1.11.2022, started 1.1.2023
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MIDTERM REDUCTION MEASURES TO MEET ™
2050 TARGET

IMO 2023 GHG Strategy sets out next steps for the development of a basket
of mid-term GHG reduction measures comprising of :

a technical element, namely a ‘goal-based marine fuel standard’
requlating the phased reduction of marine fuel's GHG intensity; and

* an economic element, on the basis of a ‘maritime GHG emissions
pricing mechanism.

IMO:s basket of mid-term GHG reduction measures shall be finalized and
agreed by the MEPC by 2025 (EIF 2027 1?)






REGULATORY FRAMEWORK FOR GHG
REDUCTION IN SHIPPING

FuelEU Maritime
Global GHG fuel standard

* Addresses: Fuel well-to-wake
GHG intensity

* Applicable measures:
Alternative fuels, shore
power, wind

EU Emissions Trading System IMO - adopted

IMO - proposed

Global market-based measure
* Addresses: Ship/fleet GHG emissions “ “
* Applicable measures: All GHG

reduction measures

EU - proposed
(Fit for 55)

Operational
requirement

e =

L Design
Fleet emissions

requirement

GHG price
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Carbon Intensity Indicator Ship Energy Efficiency EEDI/EEXI
Management Plan

* Addresses: Actual carbon intensity * Addresses: Ideal carbon intensity

* Applicable measures: All measures * Addresses: Continuous improvement * Applicable measures: New ships: E
except logistics * Applicable measures: All measures Hull, machinery, LNG, speed; =
except logistics Existing ships: Speed, basic hull %

improvements &

(Source : DNV)
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FuelEU Maritime Regulation

PROVISIONAL AGREEMENT

O bj e Ct ive 2020 REFERENCE VALUE

91,16

Reduce GHG intensity of a shi?’s energy use by promoting use of
renewable and low carbon fuels

Obligation for containers and passengers ships to use OPS or zero-
emission technology in TEN-T ports

Incentivize the production and use of RFNBO’s & RCF’s in maritime
sector through reward factors

Complementary with ETS: ETS promotes energy savings while FuelEU
addresses fuel technology.

Complementary with RED and AFIR: FuelEU addresses fuel demand, RED
fuel supply and AFIR fuel distribution

Complementarity with ETD (if approved): taxation levels for renewable
and low-carbon fuels and for electricity at berth are consistent with
FuelEU goals.

FuelEU GHG Intensity Index limit

2025 2030 2035 2040 2045 2050

2% -6 % -14,5 % -31% -62 % -80 %
89,3 85,7 77,9 62,9 34,6 18,2

[unit: g CO2ekv per MJ]
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Fuel supply: Fuel distribution:
RED AFIR

Demand for marine

renewable and low-carbon
fuels: FUEL EU MARITIME




TODAYS SHIPPING FUELS o
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FIGURE 5-1

202 1 Fuel consumption for ships >5,000 GT based on reported
- DCS data to IMO (2021) (IMO, 2022)

2020: International Shipping [ships > 5000 GT] * R
« 203 million ton of fuel (99,91% was HFO, LFO, MDO or LNG) o
* LNG consumption increased from 10.5 -> 12.0 million ton H
e Other fuels e.g. 28 000 ton UCO ; 2 700 ton bio-oil and 19 ton
LBG wvercrio aossaoes
* Including ships > 400 GT approx 280 Mtoe of fuel o PP P PP

Figure 5-1: Reported fuel consumption for conventional fuels and LNG in 2019 to 2021 (left) and for minority
fuels in 2021 (right)

Reported fuel consumption (EJ)
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DNV MARI>TIME FORCAST TO 2050 (2023)

Nearly half of bunkering takes place today at major bunkering hubs
located along international trade lanes using ship-to-ship transfer:

0.005 the top ten hubs supplied 44% of total fuel sold, with Singapore
o %o-(m contributing over half of this 44%.
mMGo  E 0.003
= _ 0.002 In the future a ship may be needed away from refueling being
e E o dominated by a small number of bunkering hubs as some carbon
- . - I R e C:;lsté';ll fuels have lower energy density, reducing the range of the

MEPC 80/INF.10 (Ricardo in association with DNV)



DEMAND FOR NET-ZERO FUELS BY 2030

DEMAND FOR CARBON ‘DNV’S estimated demand
NEUTRAL FUELS IN SHIPPING for carbon neutral fuels

FIGURE 52 takes into account increase e _
Simulated results for future d. d of carb tral fuels in sh a . ross-sector supply of carbon-neutral fuels vs. total shipping demand
Units: Million tonnes of ail equivalent [Mioe] In Seaborn tra de aS Wel/ aS gur"“'- Miltion tonnes of oil equivalent (Mtoe) L Ship-

. o R ping's
o Estimated fossil fuel without measures I”___‘“”____.......4...n-----'""'""""-""""-”"-mmm““--mmm”"" EE measures and SpeEd na ‘“ 1 j.’. - High .I %E%E
. 4,.-.“,_...--‘-""'“ S Emission reduction by redUCtiOn ’ .‘ A’. . ‘.} d " ;S:Q

reduced engrgy deman . N 50 . Mice
e 2 0 3 0 : S h I p pl n g carbf_\n-neuugsffll::!zt;dajlljspgr_lrn?: L
4 il

200

RS ). . o dcto by o needs 17 Mtoe of
carbon neutral fuel
or 30% to 40% of i e =

fusis

o
2025 2030 2035 2040 2045 2050 Wo r I d s u p p I y 2024 2025 2026 2027 2028 029 2030
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STATUS OF FUEL TRANSITION IN SHIPPING

Data from DNV Maritime Forecast
2050

As of June 2022 in gross tonnage

* 5.5% of operational ships using AF
* 33% of ship on order with AF

As of June 2023 in gross tonnage

* 6.5% of operational ships using AF
* 47% of ship on order with AF

FIGURE 4-2

Alternative fuel uptake in the world fleet in number of ships (upper) and gross tonnage (lower), as of July 2023

MNUMBER OF SHIPS
Ships in operation

— 5 Hydrogen
|—— 27 Methanol
— 1 PG

| —— 800 Battery/Hybrid

Wbrfdﬂeet . — 1079 NG
2002 Total

Ships on order 5 Hydrogen
i ' 946 PG
73.8% . — 151 Methanol
mmzzm 8 | 295 Battery/Hybrid
|
it Bk —— 829 NG
= 1376 Total

GROSS TONNAGE
Ships in operation

0.05% Methanal

[ p— T 0.25% LPG
93.5% — 0.26% Battery/Hybrid
conventional
fuel — 5.96% LNG
Worid fleet
6.52% Total

Sourcos: BMSharka {ibsmark

"ENERGY TRANSITION IN
SHIPPING HAS STARTED”

Ships on order 0.80% Battery/Hybrid

‘ E——— p.24% LPG

- "L 8.01% Methanol
conventional
fuel — 40.3% LNG
Order book
s 51.3% Total

tcom) and DNV's Akernative Fusls Insigins for the shipping indusstry - AF pladoem {afi.dre. comi




Figure 6-1: Span of estimated availability per candidate fuel (left) and aggregated for all candidate fuels (right)
for shipping in 2030, 2040, and 2050.
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Energy availability (EJ)
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Electricity Advanced E-fuels Blue fuels Onboard CCS Aggregated
(shore biofuels with fossil and
power from advanced
grid) biofuels

Bottom range: Confirmed projects / BAU trajectories
Median line: Announced projects / Decarbonisation trajectories, median
Top range: Additional projects / Decarbonisation trajectories, high
Existing orderbook drives demand for bunker facilities

48 candidate fuel production projects identified

Port and infrastructure Fuel types Distribution and storage Bunkering infrastructure
. Fuel oils Can use existing distribution and - .
14
projects (e-diesel, storage es for conventional .Can b5 eusgibuinkeng
12 bio-diesel ) el infrastructure
b Gaseous fuels . g
,g 10 (e-methane, Caniies gx_. .ng dsnbimenand Can use existing LNG infrastructure
=) bio-methane) storage facilities for LNG
o 8
bS] 11 Successful demonstration bunkering
o 6 Methanol STENEEEEEIETTTG IS operations, ship-to-ship bunkering
'E (e-methanol,  [liEsulleal GRBEERERET Il W possible.
é 4 6 bio-methanol) EICELEEGES LIRS Partially developed bunkering
2 4 infrastructure.
1 2 gl Ammeonia Existing storage and distribution |No bunkering infrastructure today, and
0 < (e-ammonia, infrastructure: ammonia terminals, |no bunkering operations demonstrated.
L & O ¢ blue ammonia) EICEREEEL IR Barriers remaining to be solved.
&R 6‘00 & 6“2’0 & &
‘?“6\ ‘236 g@' < ) Hydrogen o e No existing bunkering infrastructure
No existing distribution .
(e-hydrogen, i asicure Local bunkering demonstrated.
1. Initiation = 2. Feasibility m3. Planning  PIue hydrogen) Barriers remaining to be solved.

MEPC 80/INF.10 (Ricardo in association with DNV)

Aggregated availability

2030: 0.2-2.5E]
2040:0.8-9.3 EJ
2050:1.3-19.7 EJ

bio- and e-diesel, and bio- and e-methane will be able to use
existing bunkering infrastructure

orderbook for methanol and hydrogen vessels will drive demand
for bunker facilities

several port and bunkering investment projects planned, including
green shipping corridors

Ammonia and, hydrogen will need new bunkering infrastructure
to be built: ammonia will need to build on its existing global
network of storage terminals

methanol already has some refueling infrastructure developed
with ship-to-ship bunkering proven e.g in Singapore,



NET ZERO EMISSION

IS THE CHALLENGE UNDERESTIMATED?

* IEA estimates in their "Net Zero Emission by 2050” scenario , global renewable electricity
production must increase 18 times.

* To achieve climate neutral shipping by 2050, IEA estimates that approx. 60% of marine fuel must be
H2 based electro fuels. To produce this amount of e-fuel requires approx. 3000 TWh of primary
renewable electricity (includes expected energy efficiency)

2022: 3400TWh total renewable
electricity production by wind and
solar PV combinded (globally).

Renewable energy generalion, World

+ Change country orregion | Alltogether ~ | (1 Relative chang

4,000 TWh

3,000 TWh [
E BP BAU
N g Shelllslands ]
2,000 TWh g
g sheits [}
1,000 TWh E § Shell Waves
£3
TS oo 3 BP Net Zero
19 1980 19 2000 .g -
sl Bevhew ol W 5 18859582 TWhH|  IRENA1SC |
Wi 1 ), renew, By 1 I i
” 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
NET ZERO EMISSION SHIPPING WOULD ABSORB ALL THE § Oil . Matural gas . Other, e.g. biofuel, electricity | Hydrogen-based fuels
PRIMARY RENEWABLE ELECTRICTY PRODUCTION IN THE Source: Fuelling the Fourth Propulsion Revolution [ICS]
Various scenarios of fuel mixes for maritime shipping in 2050
WO R LD TO DA ” Note: Each scenario is explored in detail in the full version of this report

Sources: International Energy Agency (IEA), Shell, BP and International Renewable Energy Agency (IRENA).



