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The Singapore Maritime Cluster is a key enabler of Singapore’s economic growth



Core Maritime Activities in Singapore: M a riti m e aCtiViti eS i n S i n g a po re

A. Terminals Operations— Cargo Handling

B. Marine Operations and Services Maritime Activities within

C. Marine & Offshore Engineering Singapore Port Limits

Essential Marine Services . Tuas Mega Port

At any one time, there are about 1,000 Bunkering, Pilotage, Towage, . Container Terminals

vessels in the Singapore port. Mooring, Fresh Water Supply, _ '
Crew Change, Ship Supplies . Multi-purpose Terminals

Every 2-3 minutes, a ship arrives or

leaves Singapore. Shipbuilding, Repairing,

Conversion
Petrochemical Terminals
LNG Terminal

Passenger Terminals

Anchorage areas for
essential Marine Services
like: Bunkering, Pilotage,
Towage, Fresh Water
Supply, Crew Change, Ship
Supplies, Waste Disposal,
Minor Repairing, Surveying

* Other Shore-based Maritime Services not labelled in the ma
Ship Registry, Ship Management, Shipping Finance, Maritime Legal & Arbitration, Marine Insurance, Shipbroking & etc



Singapore Maritime | Strategic Research Thrusts




Singapore Maritime R&D Roadmap 2030 | Thrust 5

Maritime Energy

Vision

“We aspire for
Singapore to
be the centre
of excellence
for future
energy and
environmental
solutions”

Source: SMI
R&D Roadmap
2019

Vessel

LNG

LPG

Biofuel
Methanol
Hydrogen
Electrification

New power
/energy



MESD | Maritime Energy & Sustainable Development

A leading global translational research centre in maritime energy and

Vision .
on | sustainable development
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Translating R&D Investment for maritime Singapore

Consultation with End Users to identify / confirm challenges

Study/analyze challenges and propose solutions / ideas. Conduct feasibility study if needed.

Leverage on testbeds and living laboratories at each stage

Identify value capture for Singapore and form project team (including industrial partners)

Execute and coordinate projects (program) along with eventual technology adopters and executing entities

TRL: Technology Readiness Level (1: Basic R&D -> 9: Ready Commercially)



Alternative Energy

1.

Example of studies by MESD

Study of potential alternative sources of energy for Shipping Industry

Study of potential alternative sources of energy for Next Generation
Multi-Purpose Port Operation %PSA
Study of potential alternative sources of energy for Singapore e tords portoreat
Harbour Craft Industry

Pid SWIRE

Project Hafnium: Hydrogen as a source of energy for OSV

GHG Emissions from International Shipping: Strategies and Impacts

Collaborators

»
N
~

M P A

SINGAPORE

Harbour
Craft
Owners



International efforts on climate change

Paris Agreement Initial GHG Strategy Paper
In line with the agreement adopted in Paris in December
2015, Singapore has made a commitment to reduce our
Emissions Intensity by 36% from 2005 levels by 2030, and
stabilise our greenhouse gas emissions with the aim of
peaking around 2030.

The initial GHG strategy was adopted by IMO's MEPC
during its 7279 session in April 2018.The vision confirms
IMO’s commitment to reducing GHG emissions from

international shipping and, as a matter of urgency, to phasing
them out as soon as possible.

Singapore ratifies Paris Agreement. In the picture is Foreign Affairs Minister INTERNATIONAL

MARITIME
Vivian Balakrishnan and the United Nations Secretary-General Mr Ban Ki- ORGANIZATION
moon.

Source: Japan Proposed Pathway —
Long Term Co2 emission reduction



Consideration of alternative fuel for ship

Benefits ® Financial Benefits

Technology . Main Drivers: Environmental
Readiness Regulations
Regulatory & ® Truck to Ship Transfer
Standards Bunkering . .
Infrastructure Ship to Ship
Vessels that operate mostly inside the Shore Tank to Ship
ECA, e.g. Short Sea Shipping or ? Availability -
Coastwise and regionally bound vessels, Bunkering
e.g. ferries, tugs, offshore vessels or ? Supply Chain Source

Alternative fuels

Fuel cost sensitivity Compatible Facility

Sufficient size and onboard space to

accommodate the installation Alt fuel Pricing

Profile of an Alt fuel Global Alt fuel

Alt fuel bunker availability ~ fuelled vessel oo
and cost bunker availability
Possibility for conversion or new build Issues/ Alt fuel quality

Questions standards
Fleet renewal demand
Methane Slip / Emissions,

Liner service, vessel Other emissions, if any

fixed t ?
on fixed routes or CAPEX, XX%

Env profiles beneficial to vessel premium

Source: MESD CoE



GHG Emission Reduction Potential

Containing Biogenic Carbon

Biogenic CO2 emissions = emissions related to

: Zero
fast-domain carbon cycle. ..
The CO, emissions released from the combustion emission
of biogenic carbon are not considered to contribute onboard
to climate change .



Yes, if expansion of production capacity
. Yes, but require R&D

Alt fuels for ships — Supply vs Demand

Type Conventional Fossil-based Biofuels Renew

LSFO/MGO | LNG Methanol | Hydrogen | Bio-LNG Bio- Biodiesel Biodiesel | Renewable
methanol 1stand 2nd | 3rd Hydrogen

Feedstock Crude oil Natural Natural Natural Food & Biomass, Edible and | Microalga | Renewable

reserve gas gas and | gas, oil and | agricultural | non- non-edible | e energy and
reserves coal coal waste and biogenic oil water
wastewater

Availability of Meet global Meet Referto | Referto Technical Technical 180 million | Technical | Technical

feedstock demand for global Crude oil | Crude oil potential = potential = tonnes potential = | potential =

(MT/year) at least 50 demand and and natural | 900 MT of >900 MT of | (used by 3,780 MT | 1,260 MT of
years for at least | natural gas bio-LNG bio- other of H,

50 years gas methanol sectors) biodiesel

Current

production 4,671 3,195 91 50 NA 0.2 31 NA -

(MT per year)

Demand by

shipping 260-290 200 508 76 200 508 250 250 76

industry (MT per

year)

Adequacy for . . . . Yes, if ..

Int'l Shipping Yes Yes Yes, if expansion of production capacity _




Maturity of alt fuels and their well-to-propeller routes

Biofuel [

Renewable [

H2
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Safety of H2 & its carriers

Compressed
gas

(CHy)
|
2

N
vee: N

Ammonia B Fire
(NH;) hazard

Toxic
hazard

N

hydrides

Methanol Diese|
(CH30H)

(MH)

Liquid
Organic

(LOHC)



Bunker fuel supply chain

Quality of fuels (e.g. ISO 8217, IMO Regulations)
Delivery process (S2S, Shore2S, T2S)

Standards (E.g. SS600, TR48)

Port Authority II

" 4 )

: Vessel Bunker
Refinery . (Cargo) . Storage . Tanker/Barge Vessel




Fuel cost

Fuel cost (USD/kWh) = Cost of fuel (USD/tonne) x SFOC (g/kWh)



On-board energy conversion

Hydrogen
Methanol
* Reliable Ammonia « Zero-emission
* Lowcost * High efficiency (50% electric)
* Dual fuel possible Internal * Silent
combustion Fuel cell
« NO, emissions engine (ICE) (FC)
> Lo dimegy + High system cost (1500-3000 $/kW)
fuel cells (especially .
: * Short lifetime (10-30k hours)
at partial loads)
Which H, carrier? Which H, carrier?

Methanol =» good efficiency, some converted marine engines Hydrogen = ideal fuel for FCs

in the world (4-stroke and 2-stroke) (/ =>» cracked hydrogen purity issues, suitable

=> high NO,, needs combustion enhancer, possible for high temperature FCs (not yet tested)

co-firing with diesel, can be developed from LPG / => reformed hydrogen purity issues for low
temperature FCs, suitable for high temperature FCs

Hydrogen =» high NO, , unstable combustion, complex retrofit
(tested)




Energy density of H, carriers

4 ) High autonomy vessels:

/ ammonia, methanol, liquid H,

Y4
AN

—— Lowautonomy vessels:

compressed and liquid H,

“H, has been accepted as a viable low carbon fuel for smaller
marine vessels, but for larger vessels the best fuel for

decarbonisation is undetermined”

(Hydrogen Europe, 2018)
Source: Hydrogen Europe Technology Roadmap to 2030, 2018



Singapore Harbour Crafts

- There are ~2,300 ships with engine size of 300-3,000 kW.

- All motorized operation use diesel oil (~70% of overall )
M 0-4 years 5-9 years

B 10-19 years B >20 years

Lighter [SC] Passenger boat [SP]

Tankers [SB]

Pilot boat [SP] Tug boat [ST]

- More than half of SG HC is more than 10 yrs (~30% > 20yrs)
- Excluding ‘Others’ category, Lighter, Tugboat, Tanker and

Passenger form the main profile B sc  sp sp ST Others*
- Sg HC'’s Gross Tonnage (GT) is evenly distributed between “10- Pax<12  Pax>12 ers

497, “50-499" & “500 & above”

Source: MPA, 2017

*Provide services regardless of port limits that is not the usual norm within the HC industry



Knowledge to application

In-depth studies to enable actual application of potential alternative energy sources
Pilot “identified” proof-of-concept/value solutions at living laboratories with industry partners
Improve data collection and measurement of engine performance and emission

Formation of thematic industry & related stakeholder’s consortium to address future
challenges, pooling resources with same interests

"It is the long history of humankind (and animal kind, too) that those who
learned to collaborate and improvise most effectively have prevailed."

- Charles Darwin



Thank you

Contact MESD:
D-MESD@ntu.edu.sq

For more information, please visit MESD website http://coe.ntu.edu.sg/MESD CoE
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