


 

 

 

 

  

 

 

 

 

 

 

Ocean Dynamex is an independent engineering and 
consulting firm with cutting-edge expertise in 
business intelligence, predictive analytics, predictive 
workflow systems, mathematical modelling, 
algorithmic systems, system and control engineering, 
economic and financial analysis as well as strategic 
business consulting. 

Ocean Dynamex has one of the leading quantitative 
teams in the world gathering profession in 
engineering, math, operations research and social 
science to deliver the state-of-art solutions to our 
clients’ business and engineering problems. In-house 
consultants and experts in its network are among 
creators, leading minds, futurists and strategic 
thinkers in various industries. 
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EXECUTIVE SUMMARY 
ow can the maritime industry power such floating giants, the 
global shipping fleet which enables a complex web of logistics, 

while eliminating its carbon footprint? Now that is the billion-dollar 
question for an industry which is responsible for the transport of 
almost everything that we use. At Ocean Dynamex, we investigate 
various solutions, and we question every gap to reach out a trajectory 
that would survive the test of time, economies of scale and 
compatibility with the future of opportunities. In this report, we 
provide an insight and foresight for the development of natural gas as 
marine fuel from the perspectives of environmental, economic and 
engineering performance. 
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Introduction 
HE MARITIME INDUSTRY has been evolving since WWI, and the cost 
of shipping has been significantly reduced. In the success of this 

great leap, the transition from coal burning steam engines to fuel oil 
burning steam engines and diesel engines have an essential role. Fuel 
oil has reduced the need for bunker storage, providing much higher 
energy content (much higher speed) and easy access to marine bunkers 
around the world. Therefore, it would be quite valid to state that fuel oil 
powered the globalization phenomenon. The conventional marine 
bunker is under the environmental critique due to the fact that it is one 
of the dirtiest fuels in the world. With the introduction of new 
regulations, the ecosystem of marine bunkering and the shipping 
industry are going through a metamorphosis to replace this century-
old energy resource with modern and cleaner alternatives. 

T 

the Sulphur Cap 
has initiated an 
irreversible 
momentum into 
the inevitable 
metamorphosis. 
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Part 1 

Understanding the Natural 
Gas & LNG Market 
LNG as a Commodity 
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The Nature of Natural Gas 
ATURAL GAS is a fossil fuel naturally trapped under layers of rock 
formations deep beneath the earth's surface, and it can be 

extracted in various ways, as well as naturally coming out of the 
ground. Therefore, the first discovery of natural gas goes back 
thousands of years when it accidentally slipped through the earth's 
surface due to natural seismic movements or human-made 
excavations. 

N 
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Natural Gas Production 

 

 

Gazprom BP ConocoPhillips 
ExxonMobil Chevron Eni 
China National Petroleum Total  
Royal Dutch Shell Equinor  

 

 

the U.S., Russia 
and Iran 
account for 46% 
of the world gas 
production. 
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Ethane is extracted 
from wet gas and 
converted to Ethylene 
for production of plastic 
material (below figure). 
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The emergence of Spot LNG Market 
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LNG Marine Bunker Market 
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In the Wake of Climate Crisis 

 

Twofer with Biogas and Syngas Revolution 
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Synthetic LNG Production with Renewable Energy 
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Conclusion 
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Part 2 

Environmental Gain with 
LNG Fuel 
Emission Inventory Assessment 

• 

• 

• 

• 

• 

• 
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Green Shipping in a Nutshell
Y THE INCREASING AWARENESS and demand for Green 
Shipping, the maritime industry has begun a long-lasting 

journey to explore, develop and implement cleaner fuels and 
alternative energy systems. It is estimated that shipping 
emissions account for 3% of the world's air emissions, and this 
number will hit 6% by 2020 and 15% by 2050 (Helfre, Boot, 
2013).  

μ

B 

Some significant 
air pollutants from 
ships include 
carbon dioxide 
(CO2), Sulphur 
oxide (SOX), 
nitrogen oxide 
(NOX), particulate 
matters (PM), 
carbon monoxide 
(CO) and methane 
(CH4). 
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“Achieving net-zero 
emissions means 
our economy either 
emits no 
greenhouse gas 
emissions or offsets 
its emissions, for 
example, through 
actions such as tree 
planting or 
employing 
technologies that 
can capture carbon 
before it is released 
into the air.” 3 

Net-Zero Emissions 
by 2050, 
Government of 
Canada 
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Emergence of LNG as a Marine Fuel 

Biomethane and 
synthetic methane 
have potential of 
achieving net zero 
and negative 
emission (certain 
pollutants) in the 
well-to-tank, total 
life cycle 
assessment. 
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Cleaner Engine Room, Safer Transport 
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Impact of Biomethane and Synthetic Methane Development 

 

Air Pollution 
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Methane 
emission is a 
natural and 
ongoing process 
in many distant 
valleys of the 
earth. 
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10-15% of global 
methane 
emission is 
generated by 
landfills. 
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Air Pollution Control in the Maritime Industry 

‱, per ten 

thousand
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Emission Inventory Analysis for Major 
Shipping Routes 

Methodology 

𝐸𝑖,𝑗,𝑘,𝑙,𝑚 = ∑ 𝑉𝐴𝑁𝑗 × 𝑃𝑗,𝑘
𝑛
𝑖=1 × 𝐿𝐹𝑗,𝑘,𝑙 × 𝑇𝑗,𝑘,𝑙 ×  𝐸𝐹𝑖,𝑗,𝑘,𝑙 ×

𝐿𝐿𝐴𝐹𝑗,𝑘

106          Eq. (1)
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𝐿𝐹 = (
𝑉

𝑉𝑑
)

3

                               Eq. (2)
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Emission Inventory for Capesize Dry Bulk Carriers 

Emission Inventory for Tubarao (Espírito Santo) – Rotterdam Trip 
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Emission Inventory for Tubarao (Espírito Santo) – Japan (Iron ore) 

180k DWT Capesize, Round Trip 
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Emission Inventory for Hedland (Australia) – Tianjin (China) 

180k DWT Capesize, Round Trip 
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Emission Inventory for VLCC Tankers 
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Emission Inventory for Ras Tanura (MEG) – Qingdao (China) 

310k DWT VLCC, Round Trip 

1.09

2.18

10.89b
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Emission Inventory for Ras Tanura (MEG) – Houston (USG) 

310k DWT VLCC, Round Trip 
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Emission Inventory for Houston (USG) – Singapore 

310k DWT VLCC, Round Trip 
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Emission Inventory for Container Ships 
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 Emission Inventory for Tokyo – Hamburg 

9,000 TEU Containership, Round Trip 
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Emission Inventory for Kaoshiung – Boston 

9,000 TEU Containership, Round Trip 
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Emission Inventory for Hamburg – Miami 

9,000 TEU Containership, Round Trip 
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Conclusion 
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Part 3 

Emissions from the LNG 
Supply-Chain 
Well-to-Tank Emission Inventory 

• 

• 

• 
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Lifecycle Assessment
OUNTER-MEASURES have been implemented to reduce the 
environmental footprint and greenhouse impact of systems 

and facilities for many years. On the other hand, such measures 
also face severe criticism due to the fact that some solutions 
simply relocate the production site of the environmental side 
effect, exporting overseas or transforming the footprint from 
one type of waste to another. For example, electric cars are 
frequently questioned regarding the source of electricity. If the 
electricity is generated by using coal-burning thermal power 
plants, the environmental cost would be even higher than 
traditional cars. 

C 

Life Cycle 
Assessment (LCA) 
is an 
approximation of 
the environmental 
phenomenon. 
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LCA and Total Emission Analysis for LNG Fuel 
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Production 
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Liquefaction & Storage 

Transportation 

Distribution and Consumption 
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Emission Inventory Analysis for Total LNG Ecosystems 
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Emission Inventory in Biomethane and Synthetic LNG 

Well-to-Tank 
emission 
inventory is well 
above the total 
ship emissions 
from the global 
fleet. Public funds 
are provided to oil 
and gas industry 
to develop and 
implement 
technologies for 
emission 
containment. 
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Part 4 

LNG Fuel Operations 
A Transition Fuel to Meet with Future 
Compliance 

• 

• 

• 

• 
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LNG Bunkering and the Future of LNG
EGARDING THE LNG FUEL retrofitting or LNG fuel design of 
new ships, a major question for most carriers is the 

practical and operational feasibility of LNG fuel and bunkering. 
In the last century, traditional fuel oil and its distillates have 
been utilized in almost all kinds of seagoing vessels, and the 
supply of traditional fuels has become available around the 
world. In every major corner of maritime trading routes, a 
bunkering hub has evolved, so that, the economy of scale and the 
economy of network have been gained. Therefore, marine 
bunkers can be found at competitive prices in certain regions, 
channels and ports. 

R 

LNG bunkering 
is currently 
offered in most 
channels and 
ports. With 
growing number 
of bunkering 
infrastructures, 
LNG fuel supply 
is not a 
bottleneck. 
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LNG Bunkering Infrastructure 
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Ports with LNG Bunkering Facility 



 72 

Australian LNG Bunkering Operations for Ore and Coal Carriers 

Lack of LNG Bunkering in Remote Ports 
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LNG Bunkering Facility 
 
Regions with LNG bunker facility 

73 
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New Normal in the Marine Energy Space 

Synergy with LNG & Hydrogen Future 

→ →

→

→

“In the future, 
many LNG import 
terminals will 
almost certainly 
allow for the 
import of both 
LNG and liquid 
hydrogen,”  

Rob Butler, Baker 
Botts 
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From LNG Combustion to LNG Fuel Cell 
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Conclusion 
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ABs Auxiliary Boilers LNG Liquified Natural Gas 
AC Alternating Current LSFOs Low Sulphur Fuel Oils 
AEs Auxiliary Engines LSHFO Low Sulphur Heavy-Fuel Oil 
AIS Automatic Identification System MARPOL International Convention for the Prevention  
BTU British Thermal Units of Pollution 
C3H8 Propane MCR Maximum Continuous Rating 
C₄H₁₀ Butane MDO Marine Distillate Oil 
CH4 Methane MEPC Marine Environment Protection Committee 
CO Carbon Monoxide MEs Main Engines 
CO2 Carbon Dioxide MGO Marine Gasoline Oil 
CO2e Carbon Dioxide Equivalent MSC Mediterranean Shipping Company 
DC Direct Current MMBtu  Million Btu 
DWT Deadweight Tonnage NBP  National Balancing Point 
ECAs Emission Control Areas NGL Natural Gas Liquids 
EEDI Energy Efficiency Design Index NMVOCs Non-Methane Volatile Organic Compounds 
EIA Energy Information Agency NOX Nitrogen oxide 
EMC  Energy Market Company OPEC  The Organization of the Petroleum Exporting  
EPA Environmental Protection Agency Countries 
FLIGHT Facility Level Information on GHGs Tool PEMFC Proton-Exchange Membrane Fuel Cell 
GHG Green House Gas PM Particulate Matters 
GHGRP Greenhouse Gas Reporting Program PSC Port State Control 
GT Gross Tonnage PtG  Power-to-Gas 
GWP Global Warming Potential SEEMP  Ship Energy Efficiency Management Plan 
HC Hydrocarbon SFC Specific Fuel Consumption 
HFO Residual/Heavy Fuel Oil SFOC Specific Fuel Oil Consumption 
HH Henry Hub SLNG  Singapore LNG 
ICCT International Council on Clean  SNG Substitute LNG or Synthetic LNG  

Transportation SOX Sulphur Emission 
ICE  Intercontinental Exchange TRL  Technology Readiness Level 
IMO International Maritime Organization TTF Title Transfer Facility 
JKM Japan/Korea Marker (Platts) UNFCC United Nations Framework Convention 
LCA Life Cycle Assessment on Climate Change 
LHV  Lower Heating Value VLCC Very Large Crude Carrier 
LLAF Low Load Adjustment Factor VLSFO  Very Low Sulphur Fuel Oil 
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