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Why are we here?

- DIGEST IMPACT and UNDERSTAND IMPLICATIONS
- Case Studies

Countdown: Historic IMO agreement lays
groundwork for maritime decarbonization

s8ctor.

Source: Maersk Mc-Kinney Moller Center for Zero Carbon Shipping, Historic IMO agreement , newsletter 16 April 2025



https://www.zerocarbonshipping.com/news/countdown-historic-imo-agreement-lays-groundwork-for-maritime-decarbonization?mc_cid=dd8338ab46&mc_eid=206a71e1cd

New regulation — agreement
on a new marine fuel
standard (GFS)!

« Ships over 5000 GT
« First year 2028
« Two-tier targets: Base and Direct Compliance

« Sustainability certification of fuels with a Fuel
Lifecycle Label (FLL)

« Reward element for use of ZNZs

* Must be adopted at MEPC-ES.2 in October
2025 with 2/3 majority.

Shipping is first industry to agree
fines for gas emissions

After ten vears of talks, the International Maritime Organization has pulled off a deal
giving vessel owners a choice: use cleaner fuels or pay penalties

m = WORLD v US.v POLTICS v SPORTS v ENTERTAINMENT BUSINESS

UVE Trump administration MetGala2025 Rihanna Pentagoncuts ‘Diddy’ trial

Major nations agree on first-ever

| global fee on greenhouse gases with
plan that targets shipping

FFFFFFF

Aftermath of IMO’s net-zero
framework: ‘Historic’
agreement or ‘total
shipwreck’?

With the global climate g d d by the

Maritime Organization (IMO) at the 83rd session of the Marine Environment
i i (MEPC 83), shipping is on track to become the first

industry with internationally mandated targets to reduce emissions. While
some industry representatives praise the agreement as “historic”, others
describe it as a “shipwreck” that missed targets. However, a unified opinion is

that more work is needed to steer the shipping industry toward a climate-
neutral path.
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Emission intensity (gCO2e/MJ)

IMO Marine Fuel Standard (GFS)
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GFl Target Levels

DIRECT COMPLIANCE - SURPLUS UNITS

Tier 2 deficit can be covered by
Surplus Units or Remedial Units
(RUs) at USD 380 per tonne of
CO,e.*

Tier 1 deficit can be covered
with Remedial Units (RUs), at
USD 100 per tonne of CO,e*

IMO Base Target
—e— |IMO Direct Compliance Target
=== ZNZ threshold (until 2035)
Reference value (93.3 gCO2¢e/M))

* Price set until 2030. IMO is

Year

Tier 1 deficit to develop a methodology for
Tier 2 deficit calculating the price beyond
2028 2029 2030 2031 2032 2033 2034 2035 2031 by 2028..



Next Steps - what’s still to be done

- MEPC/ES.2 (Adoption)

- GHG 20 (Guidelines) — such as — Annex 2 MEPC.83 / WP.11

Definition of ZNZs and framework for ZNZs rewards (not later 1 March 2027)
IMO Net-Zero Fund and its Governing Board;

How to verify/ report Attained Annual GFI and GFI Compliance balance of ship;
How to Open and Manage ship account in the IMO GFlI register

Further development of LCA Guidelines

Further development of SEEMP



Next Steps - what’s still to be done

Sill 1o be definec

Default emissions Factors (LCA) April 2026 clarified
Recognition of Fuels Certification  JafelalWiYel {1 W40y

RU1 & RU 2 price (after 2030) By 1 January 2028 (review)

Reduction Targets from 2036-2040 RaVREREVETaVA2{0Y

ZNZ Technology and Reward No later 1 March 2027
SEEMP Amendments March 2027 (assuming)




Next Steps - where to focus

Do the math - how will this affect you?

Revisit your decarbonization strategy to identify priorities - this will
allow you to engage in the following:

= Promote and support the NZF (political focus)
s Zoom in on the architecture of those elements still to be settled -

and bring an industry perspective to relevant stakeholders (i.e.
National/International Associations, NGOs, Member States etc..).
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2025 1s a turning point, the key question is not if we will decarbonize, it is how

Pre-2025 2025 Post-2025
L,
Setting the Ambition Building a Regulatory Framework Implementation

« Companies set ambitious targets * The IMO agrees upon a Net Zero For policymakers:

for decarbonization Framework of incentives + Robust NZF guidelines
* The orderbook saw a shift towards » The FuelEU takes effect, creating + National and regional support for

dual-fuel vessels the first market sustainable fuel onshore infrastructure
* Experimentation by front runners  The ETS, inits second year collects For industry:

with customer support and the revenue to be used for o

promise of regulation decarbonization projects ’ Sh|pp|.ng to deve'OP long-term

compliance strategies
* Experimentation with advanced

® technologies



The Net Zero Framework establishes a two-tiered GHG Fuel Intensity (GF)
reduction pathway, driving both fuel switching and revenue raising

Reference:
93.3 gCO2eq/MJ Based on Agreed | Extrapolated Tier 2 65% in
text from MEPC83 | 2040 and 95% in 2050
-4% < >
0 6% 8% oo 6
17% Tier 2 Non-compliant [ smmm
-21% A ship that is not Tier 2

GFI (gCO,eq/MJ)

80 569 . :
-26% . compliant can buy Tier 2 RUs or
0 -30% SUs and must pay for Tier 1 RUs
-39% -
60 _430/0 :___I
I Tier 2 Compliant I mmee,
|
20 (S A ship compliant with
! -65% Tier 2 must pay for Tier 1 RUs
40 - ‘: for any remaining Tier 1 deficit
-
) 9
. ““'.___I Over-compliant Fammm,_
R P
ey A ship that goes beyond Tier 1
10 'I___I can generate SUs below Tier 1
0
Pre- 2028 2030 2035 2040 2045 2050

NZF
Note: 95% in 2050 is not part of the text and an assumption done for the curves. The direct compliance curve is also not defined post 2035 and itis Page 13
assumed that the 13% gap between direct and base is maintained through 2050



Mandates to markets



Susiness as usual will lead to compliance cost from Tier 1T and 2

LSFO compliance deficit in 2030 ©Tier 2 Compliance Options in 2030 (8% reduction)
— 1 k‘ Pay the Remedial Unit (380 $/gC0,e0)
. 3.84 tco,etfuel M
Deficit (Tier 2) 280 e T
CRiTier 2 - 0.39 wco.ensro tCOyeq =~ tLSFO tLSFOeq
3 45 tC0o,e/tLSFO Q . n
2 Use drop-in biofuel
Deficit (Tier 1)
0.49 tco,enLsFo USD tCO, €qdeficit UsbD
or 1)y 314 0.39 =124———
CFi(Tier1: % tCO,eq tLSFO tLSFOeq

e, 3 Purchase Surplus Unit Credits
C‘Q;@’OO We assume that the surplus unit is equivalent to
o

drop-in biodiesel

@ rir 1 GomptanceOptons: .
Tier 1 Compliance Options in 2030 (13% reduction)
Pay the Remedial Unit (100 $/gC0O,eq)

2028 2030 2035

tCO0yeqqefici UsD
100 x 0.49 ——2deficit
tC0,eq tLSFO tLSFOeq
Assumptions: We use a 95.63 gC0O2eg/MJ LSFO as the reference, with the emissions factor from MEPC.391(81). Abatement
cost of bio-diesel is based on the difference between the Center assumption for the cost of LSFO in 2030 (541%$/t) and a bio-
diesel forecasted price from LR/UMAS 2020. https://www.Ir.org/en/knowledge/research-reports/2020/techno-economic-

assessment-of-zero-carbon-fuels/



https://www.lr.org/en/knowledge/research-reports/2020/techno-economic-assessment-of-zero-carbon-fuels/
https://www.lr.org/en/knowledge/research-reports/2020/techno-economic-assessment-of-zero-carbon-fuels/

The NZF creates value through surplus and rewards for ZNZs

/NZ Surplus revenue in 2030

Ships with , ,
deficit Revenue calculation uses surplus below Tier 1
multiplied by assumed surplus unit price

Q
(3)
S

TOCIIERN @ Surplus Revenue 2030 ZNZ at 19 gCO2eq/MJ)

2.96 tcoensFo N\ g
(&) USD tC0,e UsD

314"y 20— 2 dsurplus _ ggq 0%
tC0,eq tLSFO tLSFOeq
2030 Surplus .
520 tcoge,ﬁsm We assume that the surplus unitis
equivalent to abatement cost of drop-in
ZNZ: : i i
[O.76tCO,e/tfuel E jatatal biodiesel
2028 2030 2035
® Assumptions: Surplus revenue is based on an assumed market price of surplus equal to the abatement cost of bio-diesel. We use a bio-diesel price forecast from LR/UMAS 2020. https://www.Ir.org/en/knowledge/research-reports/2020/techno-economic-
assessment-of-zero-carbon-fuels/ The 175 USD/tCO2eq reward is based on NavigaTE modeling (MMMCZCS) that modeled potential rewards based on estimated revenue collection and eligble ZNZs. Both assume a ZNZ that is meets the ZNZ threshold of
199C02eqg/MJ



https://www.lr.org/en/knowledge/research-reports/2020/techno-economic-assessment-of-zero-carbon-fuels/
https://www.lr.org/en/knowledge/research-reports/2020/techno-economic-assessment-of-zero-carbon-fuels/

Ihe NZF creates value through surplus and rewards for ZNZs

Eligible ZNZs rewarded

Reward calculation is uncertain; here shown as
Reference: .
[ N estimated value x abatement below reference

3.75 tcoeltfuel

—
Reward Revenue 2030 (ZNZ at 19 gCO2eq/MJ)

ZNZ Abatement 175 99 tCOzeqsurpius _ 23 UsD
2.99 tco,e/LsFo tC0,eq ' tLSFO tLSFOeq

Ships 19 gCO2eag/MJ (14 from 2035) or
lower can be earn a ZNZ reward

19

ZNZ: ,

' A 14
[ 0.76 tco.eitfuel = ;

2028 2030 2035

Assumptions: Surplus revenue is based on an assumed market price of surplus equal to the abatement cost of bio-diesel. We use a bio-diesel price forecast from LR/UMAS 2020. https://www.Ir.org/en/knowledge/research-reports/2020/techno-economic-
assessment-of-zero-carbon-fuels/ The 175 USD/tCO2eq reward is based on NavigaTE modeling (MMMCZCS) that modeled potential rewards based on estimated revenue collection and eligble ZNZs. Both assume a ZNZ that is meets the ZNZ threshold of
199C02eqg/MJ



https://www.lr.org/en/knowledge/research-reports/2020/techno-economic-assessment-of-zero-carbon-fuels/
https://www.lr.org/en/knowledge/research-reports/2020/techno-economic-assessment-of-zero-carbon-fuels/

We assume reduction in future cost pathways for
advanced e-fuels and low-carbon (blue) fuels

USD/LSFOeq * /NZ fuel production costs are
3500 projected to decline through 2050,
assuming learning rates and
3,000 economies of scale
2,500 . o- i i
~_ E f(;Je|S (derived from electrolytic
2,000 ydrogen) expected to fall from
~2,000-3,500 $/tLSFOeq in 2028 to
1,500 \ ~1,200-1,800 $/tLSFOeq in 2050
\

1,000 * Blue ammonia starts lower (~1,400
$/tLSFOeq in 2028) and declines to

500 :
just above 1,000 $/tLSFOeq
0
2028 2030 2040 2050 ° Estimates are publicin our Fuel Cost

Calculator

— e-ammonia e-methanol — e-methane (liquefied) — Blue ammonia

Page 18

® Note: Fuel costs are from the Center's Fuel Cost Calculator, a bottom-up production cost forecast which assumes reductions from learning and
economies of scale.


https://www.zerocarbonshipping.com/cost-calculator/?s=0&mc_cid=9bcf4f1284&mc_eid=UNIQID
https://www.zerocarbonshipping.com/fuel-cost-calculator?s=0&mc_cid=9bcf4f1284&mc_eid=UNIQID
https://www.zerocarbonshipping.com/fuel-cost-calculator?s=0&mc_cid=9bcf4f1284&mc_eid=UNIQID

Early benefits support scaling of higher cost
/NZ fuel

Cost and benefits of compliance for [USD per tonne LSFO-equivalence] Costs of Using LSFO (Fossil Fuels):

ZNZ: early benefits and lower . A.ddi_tional costs due _to bIelnding
fuel costs over time biodiesel and Remedial Unit (RU)

penalties
Pre-benefit: - 24%
1738

LSFO: rising compliance costs

» Tier 2 compliance becomes more

expensive as targets tighten
1,552 INZ
49 i .
Reward Costs of Using ZNZ Fuels:
Tier 1 062  Early benefit from sur.plu_s gmts and
(RUT) GFI /NZ rewards offset high initial costs
Tier 2 71 ig Surplus
(BiO—diIeeSrel) 124  Low rewards and surplus in 2040 are
balanced by falling ZNZ costs
Fuel Cost [TN 541 C‘éztnaefftifsr 524
» /NZ costs are expected to decline
~ )
production scales
Assumptions: We use a bio-diesel price forecast from LR/UMAS 2020. All other fuel costs are from our Fuel Cost Calculator (MMMCZCS). For the
® ZNZ, we use the average between e-methanol and e-ammonia (global, high electricity cost). Surplus revenue is based on an assumed market Pages
price of surplus equal to the abatement cost of bio-diesel. Reward is based on NavigaTE modeling (MMMCZCS) that modeled potential rewards

based on estimated revenue collection and eligible ZNZs. Both assume a ZNZ that is meets the ZNZ threshold of 19gC0O2eqg/MJ



A mid-range cost of ZNZ could compete with LSFO as early as 2030 with
rewards and surplus units, while LNG and bio-methane could be lower

USD /tonne-LSFOeq

2000  [Dmma-; — Strategy 1: LSFO + bio-diesel (base case)
ﬂl:‘7 == Strategy 2: LNG + bio-methane
D=sss - 0 Strategy 3: 100% ZNZ

1,500
/NZ Rewards are
xpected from 2030
1,000
e
500 —
0
28 30 32 34 36 38 40
Based on MEPC 83/WP.1 The reduction curves from 2035 to 2040 are not part of the text and an assumption was done using the 65% reduction for Tier 2 in 2040 and reaching 95% by 2050.
Assumptions: Biofuel = biodiesel price forecast from LR/UMAS 2020; Biomethane costs from NavigaTE; ZNZ = fixed for the first 10 years at 2000 USD/tLSFOeq, roughly equal to NavigaTE 2028 average of e- Page 20
methanol / e-ammonia, from 2038 we use the average cost of fuel between e-methanol and e-ammonia. Download the MTM Compliance Cost Calculator: https://www.zerocarbonshipping.com/news/countdown-
historic-imo-agreement-lays-groundwork-for-maritime-decarbonization/



https://www.zerocarbonshipping.com/news/countdown-historic-imo-agreement-lays-groundwork-for-maritime-decarbonization/
https://www.zerocarbonshipping.com/news/countdown-historic-imo-agreement-lays-groundwork-for-maritime-decarbonization/

This changes if you use the current price of LNG

USD /tonne-LSFOeq

2000  [Dmma-; — Strategy 1: LSFO + bio-diesel (base case)
b == Strategy 2: LNG + bio-methane
Dmsmss - Strategy 3: 100% ZNZ

1,500
7,000
— N
LNG with April 2025
500 +17% - Platts Rotterdam Price
of 655 $/tLSFOeq
0
28 30 32 34 36 38 40

:: Page 21
Same assumptions, now with the Patts April 2025 LNG price from Rotterdam of 655 $/tLSFOeq



MEPC 83 plans to implement a revision of the Remedial Units, which raises the
cost of fossil strategies

USD /tonne-LSFOeq

2040
2000 = === — Strategy 1: LSFO + bio-diesel (base case)
GECLLE Strategy 2: LNG + bio-methane 0
D ammn +20%
=== 7 == Strategy 3: 100% ZNZ
1,500

increases to 500 $/tC0O2eq

+15%
Assumes Tier 2 RU
from 2031

\

1,000

500 o

0
28 30 32 34 36 38 40

:: Page 22
Same assumptions, now with the Patts April 2025 LNG price from Rotterdam of 655 $/tLSFOeq



Bulld your own compliance scenario

N - - .
NZF3C (Compliance Cost Calculator) @x NZF3Cis aworkin progress:

« Policy still evolving: Key NZF elements (e.g. ZNZ definitions,
RU pricing, rewards) remain under development.

« High input uncertainty: Results depend on assumptions for
future fuel costs/prices and GHG factors, which are
uncertain. The user can override Center assumptions with
their own input.

* [llustrative only: This tool is not investment advice and
https://www.zerocarbonshipping.com/nzf- should not be used for financial or strategic decision-
compliance-cost-calculator-nzf3c making without further analysis.

®

Page 23


https://www.zerocarbonshipping.com/nzf-compliance-cost-calculator-nzf3c
https://www.zerocarbonshipping.com/nzf-compliance-cost-calculator-nzf3c

Walk through a few features in the tool

Maeisk Mc—Kinney Maller Center for Zero Carbon Shipping

NZF Compliance Cost Calculator Results compa

(MEFC:

e date:
2025 3t MEFT 83 In some cases, such asi

et e e e oirea | wanne e [ fixed at $380/tCO2e or enter your own value from 2031.

Purpase: This toal is for

SRR ‘ « ZNZ Reward Rate. Pick a reward level for ZNZ fuels based on either internal
R A S el B . ; - forecasts or DNV's CIA scenarios. Assumes no rewards before 2030.

Loato o ading vahse: The 2 o st mmmw:Y:::i:ﬂ:;ﬂi’:‘m"mm‘mmmm é \ \ \ NN . . . . .

- : -" = \  Surplus Unit Pricing Logic. Set whether surplus unit prices are based on the

complsnce optians are reaitiall ualable. F 22, biowdiesel i Tirz
Rl
Note on the unit of comparison: Costs are 3 hawn iy USD) per equivalence ta Honne of LSF D, using an energy content(LCY) of LSFO10 alaw for comparizon

betueen fuels
<maller rols campared o fuel osis.

User input

el - Policy assumptions setup

e (3

'No' to exclude options you believe will be unavailable at scale.

User input e e sl vt
Policy assumptions setup [— okl

Remedial Unit Price Assumption
= b

Evampde Renvanddon (17505
ESUSHHCTE e

ZNZ reward [USDitanne CO2e]

Remedial Unit Price Assumption Fixed Tier 2 RU at 380 USD/tCO2eq [k @ ter a Tier 2 RU pri
i ; ill be put into pla

| units starting i
2031 through 2

Example Reward Rates are based on internal MMMCZCS forecast based on anti
- e

. T‘ revenue and the amount of ZNZ expected to b r
S TR e — Example Reward Low (175 to 12,5 os from t npre t ASSESSIT

ZNZ reward [USD/tonne CO2e] USD/tCO2e)
.

orl e o the e of cost g
that rewards will not be disbursed before 2030.

Will the following energy sources be available in sufficient quantities to be able to set the surplus unit price?

We assume the

the RU,

the ZNZ

Will ZNZs set surplus unit prices? fuels to exclude them from setting the price.

Gl i e mmmmeme] | : « Remedial Unit (RU) Price Assumption. Choose whether the Tier 2 penalty stays

. = cheapest compliance option: RU, bio-diesel, bio-methane, or ZNZ fuel. Choose

Page 24



Walk through a few features in the tool

Maeisk Mc—Kinney Maller Center for Zero Carbon Shipping

NZF Compliance Cost Calculator Results comparil

Choose year to see snapshe

(MEFC:

2025 3t MEFT 83 In some cases, such asi

only
years. e also added the abiity o fimit strategies 112 to s (ne drop-inbial,

o :
bio-diess! (base case) LNG + bio-mathans +anz

AMIME 2 MO Knowledge Hub Link

Purpase: This toal is for

T ) » ZNZ Emission Factor. Choose whether the ZNZ you are analyzing is just meeting
L e i e \\M\Q minimum thresholds, or enter your own (in gCO2e/MJ)

L i o {d) ZNZ fuel cost. This setup aims to - o N! \ )

. + ZNZ Fuel Cost. We have taken costs from our Fuel Cost Calculator which you

Note on the unit of comparison: Costs 3re 3l hown in US per equisalence to 1tonne OFLSFD, using an energy oontent (LCY) of LEFO 10 alow for comparison
betueen fuels d
<maller rols campared o fuel osis.

e (st
e (3

- can use, we have high (e-methanol), low (e-ammonia), and an average of the two
e R . which include decreasing costs over time due to learning and economies of
- scale. Alternatively, you can enter your own. Note: this in terms of USD per tonne
of LSFO equivalence.

2 2 o)

Ecample Fenandlon (17570 [
ESUSHHCTE e

ZNZ reward [USDitanne CO2e]

Strategies 3 & 4: ZNZ Notes

nergy sources bs available in suiciant qusntities to ba sble to 5ot the surplus unit price? Set ZNZ marine fuel characteristics
= & 2
Yer

%} GFI emission factor: Use minimum ZNZ threshold or

Enter my own

: LSFO + bio-diesel or RUs Hotesisources enter your own

LSFO fuel costs [USDitomne L5FO] Enter ZNZ emissions factor [gCO2eq/MJ 10

Limit Strategy to LSFO onty (- cost of Rus It ™
chan Ftls
sel st [USDAL
e il LmtnseE A Price &

Use MMMCZC ( ilator or enter your own Enter fixed price

Enter a fixed ZNZ price in USD per tonnes of L
equivalence ->

Page 25



What's next?



By addressing lack of clarity and certainty through analysis and engagement
the Center aims for an effective framework that drives decarbonization

. . —1 Provide needed expertise and
' ‘ P Vi . L
Whatis //7' rovide regu_latory clarity to = analysis for guidelines and

needed? enable early investment = MARPOL amendments

Our Build a resource for industry and policymakers on the NZF and provide
approach rigorous analytical briefs to dive into the unanswered questions
Outcomes Build confidence and ensure adoption in October, support robust and
we aim for effective guidelines, and aim for an effective NZF that creates a clear business

case for decarbonization

: : Page 27
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