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Vision: A leading global translational research centre in 

maritime energy and sustainable development 

Green Ports and Shipping

Alternate, Clean Energy / Fuel
Emission 

Management 

Sustainable Maritime Operations

Energy

Management

Energy Management Tools

Waste Energy Recovery System

Practicality of novel technologies, cost-benefit analysis, socio-economic assessment, 

policy study and recommendation, technology transfer and training

Emission Control & Monitoring
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(Including infrastructure, processes and harbourcrafts)
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Technical & Operational 
Measures 



Measures for GHG Emission Reduction 
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T&O measures (19)

The following are the refined T&O 
measures from this project 
outcomes

Alternative fuel measures (7)

1. Fossil-based fuels: LNG, 

methanol and hydrogen

2. Non fossil-based fuels: 

Biofuels (bio-LNG, biodiesel 

and bio-methanol) and 

renewable hydrogen

Note: 1. The GHG emission reduction potential shown is for single voyage. Accumulative effect is uncertain.

2.  GHG emission reduction by Alt fuels is calculated based on GHG emission due to combustion of HFO.   

Technical & Operational Measures and Alt Fuels

Operational Measures

Technical Measures

Alternative Fuels

Source: NTU, NUS
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Technical & Operational Measures Adoption 
Assumptions:
• T&O measures that are TRL 7 and above
• Adoption of Technical measures only applies to vessel 

below age of 20
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Assumptions:
• T&O measures that are ALL TRL
• Adoption of Technical measures only applies to vessel 

below age of 20

Findings:
For the assumed 60% adoption of T&O measures with high TRL-MAC<0, 
potential GHG emission reduction range between 114 - 224 Mt-CO2e 
(Expected Mean: 169 Mt-CO2e), depending on the range of HFO fuel 
price, abatement potential, CapEx & OpEx estimate of each measure

Findings:
Assuming the 60% adoption of  T&O measures with all TRL-MAC<0, 
potential GHG emission l range between 162-288 Mt-CO2e (Expected 
Mean: 225 Mt-CO2e), depending on the range of HFO fuel price, 
abatement potential, CapEx & OpEx estimate of each measure

Source: NTU, NUS
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(2030, 1003)

T&O measures are not sufficient to meet the IMO targets

(2050, 1296)
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GHG Emission Projections and Targets

∆ 251.7 Mt-CO2e ∆ 835.5 Mt-CO2e

BAU 2008 – 2016 historical data 
2016 – 2050 projections based on the data from IHSF and IMO 3rd GHG study 

Source: NTU MESD



Alternative Fuels 



Future energy demand for ships will increase 
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Excluding energy loss due to efficiency 

of energy converter  

Energy Requirement (Ship Engine Output) 
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~2.5 x of combined energy outputs of 

all the 99 US nuclear power plants in 

2016 (~2.9 EJ)
Historical and modelled growth curves to 2050  

Source: IMO 3rd GHG Study, 2014
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Source: Projections based on the data from IHSF and IMO 3rd GHG study 

Ratio total oil/oil 

consumption

Ratio coal/coal 

consumption

Predicted ratio total 

oil/oil consumption

Predicted ratio 

coal/coal 

consumption

Ratio total bulk 

(non-coal) 

goods/GDP

Ratio other dry 

cargoes/GDP

Predicted ratio total 

bulk (non-coal) 

goods/GDP

Predicted ratio 

other dry 

cargoes/GDP



Alternative Energy Study 

GENERATION
of alternative fuels/ energy

TRANSPORT APPLICATION 

• Feedstock (current & potential):
Type, availability, and usage

• Production technologies

• Capacity (current & planned): 
plants worldwide  

• Cost and other concerns: 
fluctuation, factors affecting the cost

• Storage requirement

• Logistics

• Safety & regulations

• Applicability

• Operation, safety & environment

• Emission reduction:

GHG emission reduction (on board/ LCA) 
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Conversion
Conversion

Low/Zero Carbon H2

Spent Metal or
Metal Compound

Haber-Bosch
Process

H2 (g)

H2 (g)

H2 (g)

Main Application

NH3 (g)

H2 (g)

Feedstock

Low / Zero / Carbon Neutral Source Only

Storage

Bunkering to Onboard Storage

Application

Onboard Vessel

x

x

x

x

x

x

Source: MESD CoE
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Biomass
Sustainable

Sources

Oil Plants 

Edible & Inedible

Extraction 

Transesterification Bio-Diesel

Straight Bio-Oil

Non-Oil Plants Gasification
Thermal /

Fermentation

Fischer Tropsch
(FT) Synthesis

Diesel (FT)

Algae Extraction

Separation 

Renewable Electricity
Pumped Hydro / Wind / Solar /

Tidal / Geothermal, etc

Water Electrolysis Liquefaction Liquefied Hydrogen

Regasification 

Compression Compressed Hydrogen

Internal Combustion Engine

Internal Combustion Engine

Fuel Mix

Fuel Cell

Main Application

Biomass

Sustainable
Sources

Woody / Non-Woody
/ Carbonatious

Gasification 
Thermal

Syngas
Catalysed
Reactor

Bio / Renewable
Methanol

Dimethyl Ether
(DME) ConvertorGasification 

Non-Thermal /
Fermentation

Biogas Reforming

Treatment Liquefaction Bio-LNG

In-Situ Reformer

Internal Combustion Engine

Methanol Direct

Fuel Mix

Diesel

Fuel Cell

Methanol Direct

PEMCO2
Carbon Capture
From Fuel Gas

Hydrogenation
With Clean H2

Alkaline Metal

Alkaline Earth Metal

Group IIIa Metal

Sustainable Sources

Hydrogenation Metal Hydrides

Thermal
Decomposition

Regeneration ProcessClean H2

Internal Combustion Engine

Fuel Mix

Pure Nitrogen
Air Separation

Catalytic
Reactor

Ammonia
(anhydrous)

Liquefaction Liquid Ammonia Regasification

Cracking

Fuel Cell

Ammonia Direct

PEM

* European  

Commission 

Horizon 2020

< 6

6 - 8
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TRL*

Maturity of alternative fuels and their well-to-propeller routes
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Source: NTU MESD



GHG Emission Reduction Potential    Various alternative fuels
Note: 

1. H2 with fuel cell, other fuels with internal combustion engine

2. AD = Anaerobic Digestion, Elect = Electrolysis of water

Well-to-Tank               Tank-to-Propeller                Well-to-Propeller (LCA)
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-100%

(No emission on board for H2)

Alternative Fossil-based Fuels Renewable

H2

Biofuel 

Conventional

Fuel 
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-10% to -20%-15% -15%

-72%

-85%

-65%

-82%

-68%

-21%

-47%

-102%
-91% -95%

Source: NTU MESD



 Social acceptability

 Safety

CRITERIA FOR SELECTION TOWARDS SUSTAINABILITIY  

Technological sustainability

 Maturity

 Reliability of energy 

source

 Capital cost

 Bunkering price

 Infrastructure

Economic sustainabilitySocial sustainability

Environmental sustainability

Reduction of 

 SOx, NOx

and PM

 GHG
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Carbon Emission Accounting



Container Ship Trajectories within Singapore Territorial 
Water 

14Source: Lam



Ship emission analysis

• Estimate emissions from ships

• Develop simulation models of ship emissions

15Source: Lam



Way forward……

• Technical & Operational Measures 

• Alternative fuels from renewable sources

• Holistic analysis for sustainability

• Carbon emission accounting
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Thank you

Prof Dr Jasmine Lam
Nanyang Technological University, Singapore  

Email: sllam@ntu.edu.sg
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