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Addressing the financial and technical challenges of shipping decarbonisation
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Demonstrating solutions through pilot projects
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Shane Balani, Global Centre for Maritime Decarbonisation (GCMD)
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Yangtze River Delta Air Quality Management Workshop, 17 September 2026
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Partners support our mission
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Assuring the quality, quantity and emissions
abatement of drop-in green fuels

Enabling ammonia as a marine fuel

Scaling adoption of energy efficiency
technologies
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Maritime and Port Authority of Singapore (MPA), through its MINT fund, partially supports qualifying projects in Singapore
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Global engagement and systemic impact
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Impact at a glance

GCMD

130+

Partners supported

17

Reports published

>90,000

Hits on GCMD's
GFl calculator in the first two
weeks of release

Enabling ammonia as
a marine fuel

4,000 -

cbm of ammonia transferred in
the Pilbara

700-800

cbm/hr transfer flow rate

7

ppm ammonia measured inline
before hose disconnection

Assuring the quality, quantity
and emissions abatement of

drop-in green fuels

6

Supply chain trials at
commercial conditions

14,400

MT of biofuels bunkered

~30%

GHG emissions reduced

Unlocking the carbon value
chain

1st

end-to-end value chain
unlocked for onboard captured
and LCO, with downstream
utilisation

2

Regulatory milestones
achieved, strengthening
commercial case for OCCS
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Scaling adoption of energy
efficiency technologies

USD 35M

Successfully closed for first-of-
a-kind vessel retrofit fund

capital crowdec

~2.2M

Data points captured per hour
through sensorising four
vessels
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Alternative fuels
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Ammonia as a marine fuel

To showcase lightering and simulate bunkering operations before ammonia-fuelled vessels are available

Four areas of focus:

Emergency
response
protocols

Safety % risk Operational Safety
assessments procedures protocols
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Liquid ammonia transferred between vessels
4,000 cbm (2,700 MT) transferred @ 700-800 cbm/hr

° Emergency release
couplings, auto-seal hoses to

prevent or minimise release

Reliquefaction

plant, condenses
vapour generated

during transfer

v

=

Navigator Global P Green Pioneer

N\

Vapourriser, to

maintain positive
B Ammonia (-33 degree C)

. _ tank pressure and
B Ammonia (20 degree C) Pumps, each with a manage back
Vapour return maximum flow rate of

P Closed valve 400 m3/hr pressure in lines




Potential methanol pathways in marine fuel supply chains

Identical molecule from multiple pathways in shared fuel network(s)

( Grey methanol Coal/ natural gas Gasification and/ or Synthesis + purification ~ Methanol
(Fossil) reforming
ad — -
|\
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Natural gas Reforming + CO; capture/  Synthesis + purification ~ Methanol
Blue methanol sequestration
(Fossil+CO,
Hal & % An
.
( Bio-methanol Lignocellulosic biomass ~ Gasification + reforming  Synthesis + purification ~ Methanol
(Biomass) 0
¢4 [l -
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Transportation Storage Bunker barge Receiving
terminal vessel

Truck-to-ship
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Enabling sustained adoption of methanol dual-fuel vessels

Methanol-capable vessels Yard location Fuel cost

Data Source

@ Estimated project price

500
450 20001 T3 IRENA, 2021
400 5 EEE GCMD-BCG, 2026
350 0
300 % 15001
250 c -
200 5
150 g 1000 _-_
100 -
@ @
50 ] o
0 © 500 ®
Grey methanol Blue/ bio-methanol E-methanol

+ Methanol vessels are entering the fleet at + Engines are delivered under shipyard + E-methanol remains limited in availability, due to weak demand and

scale, following sustained ordering activity license agreements, with one-year high cost compared to conventional fuels and lack of sufficient

post-COVID. warranties mandating minimum fuel use. regulatory incentives.

What needs to be addressed for sustained adoption?

+ Technical: Assess technical performance of methanol DF vessel through intermittent operations over extended periods

+ Commercial: Validate life cycle GHG emissions reductions through MRV

Source: DNV Alternative Fuels Insight, IRENA, innovation outlook: Renewable Methanol, 2021 and GCMD-BCG, 2026 9
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MRV provides credibility for voluntary and compliance AT ECATRONSATON
markets

Robust MRV
Ensures quality, quantity, and traceability of emissions reductions

Certification and claims
With MRV in place, certification schemes and tools enable regulatory compliance and voluntary claims

MRV

Measure (M)
Tracking and collecting raw data
within established scope

! !

Compliance track Voluntary

Chain of Custody model

| I
[ |
I |
| [
| I
[ |
: Report (R) :
1 | Calculations and documentation | 1
: with applicable standards :
| [
| I
[ |
I |
| [
| I

Verify (V)
Independent, 34 party
assessment

Compliance Voluntary claims Certification schemes

I
I
I
I
I
I
I
I
Regulatory database Independent registries I Integrity tests
I
I
I
I
I
I
I
I

Green attribute
Consistent, quantified life cycle
CO,
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Onboard Carbon Capture and Storage
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World’s first StS offloading of onboard captured +
liquefied CO,, its transport and utilisation

Pilot completed June 2025

The
sequence
of events

The Ever Top began its voyage SMDERI-QET's OCCS system activated;
CO2 captured and stored enroute

The journey

Captured CO2 used as feedstock

LCO2 sample collected from Baorong’s
O regular vendor for quality benchmarking

Unlocking the carbon value chain

EVERGREEN

Vessels moored at berth
25.4 MT LCO; transferred @ 4-6 m3/hr

LCO2 sample collected for quality testing
before transfer

LCO:; transported 2,200 km overland

LCOz sample collected for quality testing
before transfer
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The Dejin 26 in transit

LCO; offloaded; CO; reclassified from
“hazardous waste” to “hazardous
cargo”

LCO2 sample collected for quality testing
before offloading

12
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Energy efficiency technologies

13
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Shipowners’ dilemma
The uncertain payback period of Energy Efficiency Technologies (EETs)

Performance uncertainty

How much fuel savings will the technology actually
deliver when vessel routes and weather conditions
are unpredictable?

Measurement uncertainty
How can the fuel savings attributable to the EET be
accurately measured?

Market risk

How will volatile fuel prices and evolving emissions regulations, such as
the IMO NZF, affect the value of fuel savings and expected ROI?

Split incentives
How can costs and benefits be shared between shipowners and
charterers?

High capex
How can high capex, often borne by the shipowner, be financed without
complex security structures tied to ship mortgages?

Photo credit: Eastern Pacific Shipping 14
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USD 20B" addressable market to meet industry targets

Based on an estimated fleet of 20,300 vessels of suitable age and size

2500

Addressable market

Factors driving uptake

2000

1000
500 IIIII
: i

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

Year of delivery

Scale of retrofits: 2,000 vessels expected to be
retrofitted by 2030

—
(O]
o
o

Fleet dynamics: Older tonnage remains active
with orderbook backlogs and future fuel
uncertainty

Number of ships

Investment case: Efficiency gains on less

efficient vessels make a stronger business case
for EETs

Room to grow: 72 commercial vessels with
WAPS and 271 with ALS as of 2025

mBulk carrier ® Container ship W Gasship ETanker

Source: GCMD analysis, Clarksons Research, Kpler, S&P maritime, DNV AFIl, World Bank: Keys to energy efficient shipping
"High level estimates based on total vessels of c. 20,300 between 2011 — 2025, 40% uptake and USD 2.5M per EET 15



Fuel savings highly volatile

Data from a representative on-off test from the Pacific Sentinel
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Automatic high-
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gathering system
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sensors
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Navigational data
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Wind conditions

WAPS suction power (kW) (Raw)

_ 180 D
2 80
' -
i 120 e | 70
’ 2 |60
60 =
\\ \ Y i i 5 + 50
\/\“\—\/_/‘\- ‘ | 0 8 | 40
[ T
_ 60 o [0
2 120
B =
120 5 |10
(4]
& |o
. L-180 <
WAPS on
16:10:00 16:20:00 16:30:00
Every 15 Speed through water
seconds; Shaft power
uploaded to Parameters Fuel flow for main and auxiliary engines, boilers

~ MARITIME DECARBONISATION

16



< .

Global Centre for

MARITIME DECARBONISATION
/

Tracking weather conditions # test results to build certainty

+ 276 million data points collected and processed during a 4-month window
+ 3,000 on-off transitions identified; 203 valid transitions used to quantify performance after data screening

Distribution of instantaneous power savings from on-off tests Polar heatmap of power savings
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Blended financing # project diversification lower risk

Distribution of savings scenarios varies by project

Frequency
% savings
Project A Project Project C Project D
B
Senior debt @ @ @

Preferred equity

Commercial equity

Catalytic equity

)

)
©

QEQNONQ

@ Likely to receive payout contribution

Global Centre for
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Project diversification
through complementary EETs,
regional exposure, ship types
and trading patterns

Portfolio savings less
influenced by vessel utilisation
or operating conditions of
individual projects

Blended finance leverages
senior debt to lower costs and
equity investors to absorb risk

Payments flow through
investor waterfall to provide
risk-adjusted returns

MARITIME DECARBONISATION

18



Fund for Energy Efficiency Technologies (FEET)

Featuring a pay-as-you-save repayment mechanism to accelerate EETs adoption

Capital contributors

EN \
Global Centre for
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Catalytic 6
. MARITIME DECARBONISATION
equity

EET manufacturers

Purchase payments for EET:

Upfront payment
Delayed performance-
based payment

AIM
Commercial A HORIZON Preferred 4
equity o equity A4 DB]

*Via principals of
AIM Horizon

Blended financing o Fixed quarterly

balances risk while payments and annual

keeping financing costs pay-as-you-save

competitive payments are paid out
to investors

Provides 100% upfront financing for
equipment, installation, and sensors

Diversified portfolio of projects
Helps spread investment exposure and enhances fund resilience

IN
BDBS

G

Lease payments for EET:

Fixed quarterly

payments

Annual pay-as-you-save
payments

Quantified and

W verified fuel and

>

regulatory savings

19
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Scan the QR code to

download GCMD reports
and papers

(C T—

Quantity assurance in
marine biofuel supply chains

GCMD | updates

Tracers
for biofuels Py
authentication.

Evaluating the efficacy
of tracer fechnologies in
marine fuel supply chains

PROJECT
REMARCCABLE

A Gase sty for Onboard Carbon Capture.
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o
‘StenaBulk

Recommandations for a Compatancy Framawork
Ensuring Safe Ammonia Bunkering

C ( GCMD | updates

GCMDepors

Vessel-, location- and
operations-specific safety
assessments for a ship-to-ship Quantiying the ife

ammonia fransfer in Singapore's e Okt
port waters

Advancing Maritime
Decarbonization: Insights
from the GCMD-BCG Global
Maritime Decarbonization
Survey (2" edition)

Path to
Zero-Carbon
Shipping

Insights from ammonia
fransfer ticl in the Pilbara
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SUPPLY CHAIN

Susmw SPSMA =~ Sdumw SPSMA

sune 2024

= Sdmsr SPSWA

TRACKING THE PROPENSITY OF
BIOFU D RADATION
ACROSS THE MARITIME

Quantifying energy savings
from wind-assisted propulsion
systems (WAPS)

e |
the Paciic entinel

Recommendations for Competency Standards.
Ensuring Safe Handling of Onboard

Caplured Liquid Carbon Dioxide

and Offloading fo Shore.
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GCMD|reports

GCMD] scopes

Pay-As-You-Save

Gloting the datafinancing gap fo ubocharge mrfimo.
Energy Effcioncy Technologies (EET rerlits

for Shipping to
Enable Cross-Border
CCUS Initiatives

future: Insights from the
GCMD-BCG Global Maritime in Singapore
Decarbonization Survey
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Project CAPTURED @il
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Rapid forensic analysis
of FAME-based biofuels: \ \!
e e = AN

GCMD | updates

Safety and Operational Guidelines for
Piloting Ammonia Bunkering
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8 Robinson Road #06-01 | Singapore 048544

www.gcformd.org

/
projects@gcformd.org
N\ +65 6979 7660

o Follow us on
I] n Linkedin for
updates
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