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Dear SNAMES members and our Marine
Fraternity,

On behalf of the council of 2022-2023, I would
like to present our 41st Journal which is themed
on articles relating to Decarbonization. Just like
last year, we will be printing copies of the Journal
which would circulate to Institutes of Higher
Learning, Trade Associations, and SNAMES
Corporate Partners.  

As we emerged out of the COVID-19 pandemic
restrictions, the Council’s key goal would be to
engage and rebuild our relationships with our
SNAMES members and network with like-
minded professional bodies both locally and
overseas that engage in the maritime sphere.   As
we move into the age of digitalization and
decarbonization, this will enable more dialogue,
ideas, and knowledge dissemination to flow
between our organizations creating a platform
for SNAMES members to engage professionals in
the same field, both locally and internationally.                                                                                                                  

SNAMES is in discussions with the Singapore
Institute of Technology and the Singapore
Shipowners’ Association to collaborate, with the
aim of launching our first course in
Decarbonization in 2023, following our successful
launches of the LNG Primer Course with Ngee
Ann Polytechnic and the Offshore Wind Course
with Nanyang Technology University in the last
two years. I am confident that our members and
professionals will benefit from these courses.
These courses will also allow our members
opportunities to network with their peers and
exchange ideas.

SNAMES has also signed the social membership
agreement with NTUC. With this initiative, every
SNAMES member is entitled to the benefits and
privileges offered under NTUC’s social
membership programme.

SNAMES Technical Committee has over the years
conducted numerous technical talks with the
Institute of Marine Engineering, Science and
Technology - Singapore Joint Branch (IMarEST)
and Singapore Shipping Association (SSA) and
will continue to do that for the mutual interests
of our members.

I like to express my heartfelt gratitude to all
SNAMES members for your continuous support
and to Dr. Ji Xi and her team as well as the
authors of the articles on the successful
publication of this 41st Journal. 

In conclusion, I like to convey my best wishes to
all our SNAMES members and the Council and
wishing all of you the best of health, happiness,
and prosperity in the year of 2022.

President's Message
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SNAMES 50h Annual General
Meeting (AGM) 
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SNAMES Activities in Year 2022
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Technical Talks in Year 2022 

1
TCOMS 

"Digitalisation in the Maritime Sector"
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2 Singapore Polytechnic 

"CFE Trackless & Unguided All-Position Auto Crawling Welding Robot
System"

3
SNAMES-Wartsila-SSA Industry Night

"Converting Wartsila 2S engines for LNG and new fuels"
"Wartsila Quantiserv"
"Decarbonisation - future fuels and energy saving"
"Carbon capture system"



I have been fascinated with ships for as long as I can remember. It started
with folding paper boats and floating them in the small drain in my
grandma's backyard. As I watched the paper craft struggle to drift along
the soft ripples. Eventually, the material got soggy and sank to the bottom
of the drain. I caught myself thinking about the science behind ships. How
is it possible that metal ships stay afloat, despite the material being denser
than water?

 After graduating from Marine and Offshore Technology, not only was my
childhood curiosity satisfied but also my knowledge of ship design
deepened. My diploma allowed me to explore both science and
engineering design. Particularly with modules such as Marine Design
Project and Marine Design Application-which stretch students' thinking
and create opportunities for them to apply what they have learnt.

SNAMES Book Prize Awardees 2022  
SNAMES contribute Book Prizes to schools to recognise outstanding young individuals who demonstrate
academic excellence and personal qualities in courses such as Naval Architecture, Marine Engineering or in
any other branches of maritime-related engineering profession.

Shiow Wan Ni

Diploma in Marine and Offshore Technology specializing in Design
- School of Engineering, Ngee Ann Polytechnic
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I stepped foot into the marine industry when I had begun pursuing
Diploma in Marine Engineering at Singapore Polytechnic. Upon graduation,
I sailed onboard a bulk carrier for six months as a Cadet Engineer. This
experience led me to be intrigued with how various systems work in
synergy to execute real-world operations. 

The lessons learned in university had taught us not only the theoretical
knowledge but also taught us the importance of understanding what we
are studying. Combining the practical experiences I gained previously with
the theoretical knowledge, I developed a greater interest in the marine
industry and I will be pursuing a career with the Republic of Singapore
Navy as a Naval Engineer. 

Ng Wen Jian

Bachelor of Engineering with Honours in Marine Engineering,
Newcastle University



I am honoured to have been awarded this prestigious accolade and would
like to give my utmost thanks to my professors, friends, family members,
and everyone that had helped me in one way or another.. Thank you all for
the generosity and unwavering support. Within my undergraduate studies,
I had attained reasonably good results and it had provided me with the
opportunity to further my education in my master’s studies in the UK.
Having the opportunity to study a master’s degree overseas will also be a
dream come true for me, where there is the chance to work and interact
with students from different countries, cultures and study disciplines,
learning from the different perspectives that each individual brings with
them. 
 
Overall, I believe that the journey in obtaining my degree was no easy feat. I
am glad that the people that stuck with me gave me the passion to work
extremely hard and to give my best. Thank you SIT for all the opportunities
given to me, I am extremely grateful. 

SNAMES Book Prize Awardees 2022  
SNAMES contribute Book Prizes to schools to recognise outstanding young individuals who demonstrate
academic excellence and personal qualities in courses such as Naval Architecture, Marine Engineering or in
any other branches of maritime-related engineering profession.

Terence Tang Si Yeen 

Bachelor of Engineering with Honours in Naval Architecture,
Newcastle University
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During my polytechnic days, I pursued the Diploma in Aviation
Management and Services, but I've decided to try out something new as I
found out that aviation was not something I wanted to do in the future.
Therefore, I took the leap of faith and applied for Offshore Engineering in
SIT. It was definitely challenging for me at the start as most of the topics
were very foreign to me. However, with consistent effort and having a
positive attitude toward learning, I managed to complete my program with
a result that I’m happy with. The next hurdle of life will be stepping into the
workforce, which I am really excited about as I can finally put my
knowledge into good use. I would like to thank all my professors and most
importantly my family and friends for the constant support and guidance.
Without them, I don’t think I will be who I am today. 

Tay Liang Heng 

Bachelor of Engineering with Honours in Offshore Engineering,
Newcastle University



We were delighted to interview Phylicia Ku, a
fourth Engineer who sailed on seagoing ships.
She shared her time at sea favorably, her view
on the decarbonization in the Maritime
Industry, and offered future seafarers
constructive advice about learning from
difficult situations.

1. What inspired you to go to sea as a marine
engineer? 

The sea career is unique and challenging; I had
an enjoyable and fruitful experience during my
internship with Cheng Xin ShipManagement. I
wanted to continue this career path for another
few years to achieve what fewer people
experience.

My grandfather worked in the maritime industry
and used to bring me to his work environment. I
hope to continue his legacy. Secondly, when out
at sea, all the crew, though has individual 

responsibilities, come and work together as a
team and overcome the challenges ahead; after  
all, we are all on the same ship (毕竟坐在⼀条船上).
Thirdly, I like the practical hands-on and solving
technical issues. Lastly, the environment enables
me to concentrate better on my expectations
and goals.

2. What's the daily life on board the ship?

Life is different when working onboard as it's
more straightforward and focuses more on the
work though there are fewer recreational
activities than at shore.

As a fourth Engineer onboard, my shift starts
from 8 to 12. I am in full charge of the watch
during my shift and responsible for respective
machinery, ensuring smooth operation and
tackling technical issues. Usually, after dinner,
Engineers would discuss and provide feedback
on our daily work. Our Chief and 2nd Engineer 

www.snames.org.sgwww.snames.org.sg41ST ANNUAL JOURNAL 2021/2022| 11   



would plan our weekly and even monthly work
schedule; they would also consider our feedback
on individual's job urgency. The crew would
collaborate, work together as a team, and
complete the job to the best ability.

3. What do you like most about your job?

I find myself enjoying and gaining a lot of
experience in this career. When facing problems
with machinery is like solving a puzzle, I feel
accomplished and enjoy the sweat-out feelings
after the puzzle is solved.

4. What are the challenges at sea, and how do
you overcome them?

A female seafarer's most prominent weakness is
strength, which would usually be doubted at first
thought. I would be more proactive and try to
make every learning opportunity count, getting
myself involved in others as well. As every
Engineer would have their way of working, it is
worth learning from them too. I would also prove
my capability in other perspectives possible to
assist them.

5. What welfare facilities are on the ships you
found most beneficial? 

The most beneficial welfare onboard ships would
be the internet access that enables seafarers to
connect with their family, friends, and even
information. Especially when encountering an
issue onboard and not being able to resolve it
after many trials and errors, alternative
information would be helpful too.

6. What's your view on decarbonization in the
maritime industry?

With the rise in global warming over the years, I
think decarbonization is one of the first steps. I
think it's a good idea, as many countries are 

stepping up with emission control; more vessels
are turning to cleaner energy. Yet, it might not be
 very feasible as some vessels are still not built for
such fuel operation. Hence it might take years
along the way to achieve. Our vessel operates
with VLSFO and travels between China and
Australia. Especially when our vessel sails into
China Changjiang Estuary, we are required to
change to MGO as vessels are required to follow
the strict regulation on emission control.

During the voyage, we can manage the vessel
emission by proper route planning, optimizing
the shipping speed, and regulating the engine
power based on the metocean condition

I find the communication between the onshore
and onboard ship crucial. Good communication
could help the onshore office to manage
onboard crew and better understand the vessel's
and crew's needs.

7. Any advice and words of encouragement to
those wishes to join the sea Career?

Safety is the upmost important and essential
onboard ship that cannot be compromised at
any time.

If you need help, flag up and ask. 

The sea career is an exciting and unique journey,
don't give up. You can upkeep the fast pace
technology by upgrading from time to time.
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The
Technical
Papers

T E C H N O L O G Y
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Abstract
Shipping is responsible for approximately 3% of global emissions and consumes about 380 millions tons of
HFO equivalent per year. E-Fuels are considered an important pathway to achieve shipping decarbonization,
however for them to replace fossil fuels their production must fulfil the following criteria:

Affordability. For e-Fuels to be used by the shipping industry, they must be affordable, otherwise dirtier but
affordable fuels will be used. Cost, capacity factor, availability and dispatchability of the necessary power
generation, as well as the logistic infrastructure are all key factors.

Minimal Total Life Cycle Externalities. E-Fuels should not only reduce direct GHG emissions, but also
indirect emissions and total life cycle externalities. A well to wake approach is needed to avoid moving
emissions and externalities upstream rather than reducing them.

Scalability. The production of e-Fuels needs to scale to the size of the demand. This requires understating
the amount of natural resources, raw materials and land needed to scale production.

The modelling of different pathways for the production of e-Fuels indicates that Floating Nuclear Power
Plants coupled with Floating Production and Storage Units, are the best option to fulfil these criteria. In
particular nuclear power has been historically characterised by very high capacity factor, low OPEX, and very
low externalities, and by combining advanced modular reactors with offshore installations taking advantage
of modular and serial shipyard construction a dramatic reduction in CAPEX would be achieved.

A Core Power facility would, dependent on the selected fuel be able to produce the equivalent of between
300,000 and 450,000 tonnes of HFO per year. Economic modelling shows that methanol would be the most
cost-effective fuel to manufacture, dependent on being able to source sufficient renewable CO2. 

These facilities could be deployed worldwide near major shipping hubs, such as Rotterdam or Singapore, i.e.
near the point of bunkering, drastically reducing the cost and the complexity of the supply chain.

The use of marine nuclear power
for the provision of synthetic fuels
- ‘E-Fuels’ 
Giulio Gennaro [1], Rory Megginson [1]

[1] CORE POWER, UK
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Table 1 clearly shows that non-traditional fuels
will require significantly larger quantity of fuel
compared to traditional fuels due to their lower
energy density. The very large quantities required
imply that scalability of any potential e-fuel /
production process is a key parameter when
considering the economic feasibility and uptake
in for the global energy system.

E-fuels such as ammonia, methanol and
synthetic fossil fuels are a potential area of
interest for the global shipping industry. By
producing these fuels from renewable nitrogen,
hydrogen, and CO2 it means that these fuels
have the potential to be carbon neutral offering a
path towards decarbonisation for shipping as
well as providing an alternative fuel for the
aviation and manufacturing industries.[iii]

For these fuels to be effective however the
production method must fulfil three criteria.

Affordability. For e-Fuels to be used by the
shipping, aviation and land-based industries,
they must be competitive with existing fuels
otherwise dirtier but affordable fuels will be
used. Feedstock cost, capacity factor, availability
and dispatchability of the necessary power
generation, as well as the logistic infrastructure,
are all key factors in this calculation.

1. Introduction

Shipping is responsible for approximately 3% of
global emissions. The IMO has set an ambitious
decarbonisation goal of a 50% reduction in
emissions by 2050 and is expected to further
strengthen this goal to push towards full
decarbonisation. The industry is currently
seeking means of achieving these goals. E-fuels
such as ammonia, methanol and synthetic fossil
fuels are a potential area of interest for the
transition to zero-emission shipping. By
producing these fuels from renewable nitrogen,
hydrogen, and CO2 it means that they have the
potential to be carbon neutral offering a path
towards decarbonisation for shipping as well as
providing an alternative fuel for the aviation and
manufacturing industries. 

However the maritime industry cannot think of
the requirement for synthetic fuels in isolation, it
will be part of a wider energy system, therefore
the production methods for these fuels will have
to match not just maritime but also aviation and
potential competition from steel and cement
manufacture. Aviation uses approximately 329
million tonnes of jet fuel per annum[i] compared
to shipping’s 172.5 million tonnes of HFO.[ii] A
comparison of the equivalent volumes of these
fuels needed if replaced by e-fuels is summarised
in Table 1.
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Traditional Fossil

Fuels  
 Ammonia  Methanol Synthetic Fuels  

Maritime  
340 million tonnes

(HFO)
783 million

tonnes
 707 million

tonnes
331 million tonnes (Diesel)

Aviation
  329 million tonnes

(Jet Fuel)  
506 million

tonnes  
503 million

tonnes  
 281 million tonnes (Jet Fuel) 

Table 1 Comparison of volumes of potential e-fuels needed to meet current energy requirements of the
maritime and aviation sector



While E-fuels have seen a sustained and growing
interest as a potential replacement fuel for
international shipping there has also been an
increasing awareness of the potential problems.
[iv] The best way to provide the capacity of
electricity generation required for this process
are developments in the next generation in
floating electrical nuclear power. This can
provide the reliable and scalable source of power
needed to meet the demand for next generation
fuels. 

Minimal Total Life Cycle Externalities. E-Fuels
should not only reduce direct greenhouse gas
emissions, but also indirect emissions and total
life cycle externalities. A well-to-wake approach
is needed to avoid moving emissions and
externalities upstream rather than reducing
them.

Scalability. The production of e-Fuels needs to
scale to the size of the demand. This requires
understanding the amount of natural resources,
raw materials and land needed to scale
production to meet all the demands of the
industry.
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Figure 1 Summary of pathways for e-fuels for shipping. 
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Grey Hydrogen - Hydrogen made via steam
methane reforming where water is reacted
with natural gas to release hydrogen while
producing CO2. Globally this is how almost all
hydrogen produced is made
Blue hydrogen – Blue Hydrogen is the SMR
process, but using carbon capture and
storage to reduce CO2 emissions 
Green Hydrogen – Hydrogen made by the
electrolysis of water. Producing a Stream of
Hydrogen and Oxygen 

2. The E-fuel Production Process 

E-fuels present the best potential solution for the
provision of fuels for shipping when compared to
other alternatives. The key step in this process is
the production of the hydrogen used in all these
synthetic fuels. There are various methods for the
production of hydrogen that are normally
referred to by colour. [v]

If shipping is to seek to decarbonize it cannot
merely relocate its emissions upstream by relying
on either grey or blue hydrogen. The industry
must therefore move towards the production of
e-fuels using green hydrogen for the fuel
production process. Once the hydrogen is
produced it goes on for further processing
dependent on the desired end product. 

Ammonia has received significant interest as a
marine fuel as well as a potential alternate fuel
for other hard-to-electrify sectors. Ammonia has
many attractive qualities as an alternate fuel.
Firstly, it is already widely manufactured and
transported, as part of the global fertiliser
industry. Ammonia also has the benefit of being
zero carbon emission at the point of ignition,
though does produce some NO and NOx which
would have to be managed with changes in
scrubber technology. There are however
concerns about the safety management of large
amounts of ammonia. [ii] The world's first
ammonia fuelled vessel was delivered to Greek
shipowner Avin International in 2022.
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Ammonia 

Ammonia has seen widespread industrial
manufacture for over a century as an important
component of the global fertilizer industry. For
marine production, the process will be able to
use abundant air and seawater for production.
Hydrogen from the electrolysis of desalinated
seawater will be combined with atmospheric
nitrogen in a Haber Bosch process to produce
ammonia. 

Equation 1 Ammonia Production 

Methanol 

Currently, methanol is manufactured by
reforming natural gas, however, with the global
drive for decarbonization, there has been
increasing interest in manufacturing methanol
from CO2. The first commercial plant to use this
method, the George Olah in Iceland,
commissioned in 2012 and now capable of
producing 4000 tonnes of methanol per year. [vi]

Equation 2  Renewable Methanol Process 

For this process to operate effectively a reliable
and sufficiently large source of CO2 will need to
be sourced. Current discussions have discussed
the use of CO2 captured from burning organic
material (BECCS) or captured from fossil fuels.
There have been suggestions that these fuels
could be made from CO2 removed from the
atmosphere however the high power and space
requirements of this process make it
economically unattractive. [vi] 



Figure 2 Flow diagram for an ammonia production facility capable of producing 1 million tpa of ammonia. 
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Methanol has benefits being both denser and
more energy dense than ammonia. The major
problem though will be sourcing sufficient
quantities of green CO2 from either biological
sources or from carbon capture. It also requires
extra hydrogen for the reaction that is not made
into usable fuel. The development of methanol
for shipping is being driven forward by the
Maersk group who have put significant
investment into the development of the
infrastructure for methanol production. [vii]

E-Diesel 

There has been significant interest from both the
aviation and shipping industries in the creation
of synthetic hydrocarbon fuels. The process
would use green hydrogen with CO2 from either
biological sources or from some form of carbon
capture using the chemical process shown
below. 

Equation 3 The E-diesel Manufacture Process.
Step 1. Electrolysis of Water Step 2. Reverse Water
Gas Shift Reaction Step 3. Fischer Tropsch
Synthesis 

E-diesel has a number of benefits when
compared to ammonia and methanol. The fuel is
both physically denser and more energy dense
than the alternatives meaning it would not
require any expansion in existing fuel tanks.
These fuels also do not require any changes to
existing engines while being carbon free over
their lifetime as long as the source of CO2 was
renewable. 



process. This area is particularly attractive for
integration with nuclear technology which
produces large amounts of heat. Projects have
been undertaken by Bloom energy to integrate
high temperature electrolysers with existing
nuclear generation capacity. [x] While high
temperature electrolysers are a promising
technology in the short to medium term their
current high CAPEX levels make them
economically unattractive. 

CO2 and hydrogen from Seawater 

Researchers at the US Naval institute have
developed a prototype electrolytic cell capable
of removing both Hydrogen and CO2 from
seawater. This research is envisaged to allow US
nuclear aircraft carriers to produce jet fuel from
seawater using the excess power available from
their reactors when not travelling at full speed.
[xi]

As the concentration of CO2 in seawater is much
higher than in air this presents a more attractive
opportunity than removing CO2 from air via
direct air capture. The demonstration cell has
shown to be capable of producing truly green
fuel however the energy requirements are
currently very high. For example, with 1.3 GW of
electricity, it would only be possible to produce
approx. 50,000 tonnes of E-diesel per annum. 

This could potentially alleviate the requirement
for the outside provision of CO2 for the
production of methanol and e-diesel. Although
this technology is still at an early stage of
development the team behind the current lab-
based cell predict it will be able to make jet fuel
at a price between $3-6  Per Gallon compared to
the current price of $3.24.[xi]

This technology has seen considerable
investment from both Audi looking to make
green automotive fuel as well as from the Norsk
e-fuel project [viii] which is using the same
technology to develop fuels for the aviation
industry. This process can be tuned to produce a
range of hydrocarbon fuel types dependent on
the catalyst and reaction conditions used in the
Fischer Tropsch Step. While requiring the least
change in the current design of vessels the use of
synthetic hydrocarbons still suffers from the
issue of sourcing sufficient CO2 in a sustainable
and economic way. 

Technological Developments in the e-fuel
production process 

There are several areas of the synthetic e-fuel
production process that are receiving intense
research and development interest as the
provision of e-fuels is seen as one of the major
solutions in decarbonizing difficult to electrify
sectors. 

Improved Electrolysers

With many countries committing to using
hydrogen as a key component of their energy
mixture electrolyzer technology is one of the
most significant areas of research interest. The
first area is the continuing work being carried out
on improving existing proton exchange
membrane electrolyzers such as the Silyzer series
developed by Siemens. The main areas of focus
are increasing the current density of the cells as
well as producing larger cells allowing the grid-
scale production of hydrogen. [ix]

For nuclear powered electrolysis the
development of high temperature solid oxide
electrolyser presents an opportunity. These
systems use high temperatures to alleviate some
of the requirement for electricity from the
system, allowing an overall more efficient 
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Figure 3 General Schematic of E-ECEm configuration [xii]
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3. Why Nuclear? 

Green hydrogen from nuclear power is the only
technology choice capable of meeting the three
criteria for e-fuels. Nuclear power is already the
safest and most reliable form of electricity
generation in operation globally. However
traditional nuclear has suffered from high build
costs and long deployment times. 

The advent of next generation reactors however
such as the Molten Chloride Fast Reactor (MCFR)
offer the opportunity to move to shipyard
construction of nuclear reactors reducing both
cost and time to deployment. This process does
not merely displace emissions upstream to the
point of electricity provision but minimise
externalities throughout the production lifetime. 

The MSR is an advanced nuclear reactor
powered by liquid molten fuel salts rather than
solid fuel elements assembled in rods like those
in conventional pressurized water reactors
(PWR). The MSR operates at ambient pressure
only and runs at a very high temperature,
between 500°C and 700°C.

The fuel salt contains the nuclear materials,
producing both the heat and the coolant which
transports the heat to the conversion system
producing electric power. Because the MCFR
operates at ambient pressure there is no force to
expel radio toxins into the environment in the
event of an accident. This allows for a very small
emergency preparedness zone (EPZ), the area for
which contingency plans must be put in place in
case of the release of radioactive material. The
EPZ of facilities would not extend beyond the 



Modelling this system based on data from
currently available plant suggests that using 1.2
GWe of Electric power from the reactor it will be
possible produce in the range of 12-18  million GJ
of power per year the equivalent of
approximately 300,000-450,000 tonnes of HFO.  

The most energy intensive step in all these
processes is the production of the hydrogen
accounting for ~90% of the energy requirements
of the system in all three cases. 

The production e-diesel is especially vulnerable
to this power requirement as hydrogen is
required not just to produce the fuel but also for
the reverse water gas shift reaction to create the
required CO for the Fischer Tropsch production
process. 

With the proposed electrical output of the
reactors, methanol is the most energy efficient
process producing  18.5 million GJ of usable fuel
per year. Ammonia produces a similar amount of
energy at 18 million GJ however does present
more challenging handling and safety concerns
when compared to the other two fuels as well as
significant adjustments to the propulsive
arrangement. 

boundary of the facilities hull simplifying the
licencing and deployment process If the reactor
stops and the fuel salt is cooled it would solidify
and be entombed in the reactor. This means no
fuel can escape. This passive safety feature of the
MCFR is highly desirable for the marine
environment. 

Existing reactors already have the highest
capacity factors of any generation method and
the advances in the next generation in nuclear
will allow reduction in cost and deployment time
while achieving higher standards of safety and
security. 

4. The floating nuclear refinery 

CORE POWER have carried out work on the
possible deployment of a number of offshore
structures to be able to manufacture these fuels.
The CORE POWER concept envisages a floating
MSR power station producing 1.2 GW of
electricity providing power to a separate fuel
production structure/barge. These fuels can then
either be transported to storage tanks or directly
to vessels. 
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Figure 4 Schematic Diagram of proposed CORE POWER facility for the production of e-Ammonia 
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E-diesel produces the lowest amount of fuel in
terms of mass and energy, the large increase in
the amount of hydrogen needed for the process,
only 25% of produce hydrogen ends up as fuel,
means the amount of fuel manufactured is
limited, despite its higher energy content.  

By operating these facilities offshore, they would
have a number of advantages compared to land-
based systems. These facilities will be able to be
built in shipyards decreasing the time and cost of
construction as well as giving flexibility of
deployment. These facilities could be envisaged
to be deployed in major shipping and aviation
hubs where fuels are required such as
Rotterdam, Houston, and Singapore. 

5. Economics of marine e-fuel
production 

Using the proposed levelised cost of electricity
for floating advanced nuclear of 45 $/MWh it is
possible to estimate the potential costs of
production for Ammonia, Methanol and E-Diesel
using the standard values summarised in Table 2. 

Figure 5 Comparison of Tonnes of E-fuel and Energy content of E-fuel produced per annum using marine
nuclear capable of producing 1.2 GWe of power. 
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Electricity Price Floating
Nuclear 

45 $/MWh 

Nitrogen Price 100 $/Tonne

CO2 Price (BECCS) 150$/Tonne  

Electrolyser
PEM
Electrolysers 

Diesel Chemical Formula C12H23

Ammonia Energy Density 18.6 MJ/Kg

Methanol Energy density 19.5 MJ/Kg 

E-Diesel Energy Density 41.6 MJ/Kg

Table 2 Economic Values used in Calculations 



The results of this modelling are presented in
figure 6 comparing the cost for both 1 tonne and
1 MJ of fuel. The most cost-effective option is
found to be methanol as its higher density and
energy density mean that it is the most cost
competitive option for e-fuel production costing
$626.75 per tonne. 

E-Diesel is the current highest cost both per
tonne as well as per MJ. The production of
hydrogen by electrolysis is the major cost
component of fuel creation. As the production of
E-Diesel uses hydrogen both for fuel production
as well as the intermediate Reverse water gas
shift step it increases the overall price of the fuel. 

Ammonia sits in the middle of the two fuels with
its cost increased by both the higher proportion
of its weight due to hydrogen as well as its lower
energy density compared to the two carbon-
based fuels. 

With developments in electrolyser technology by
2050, it may be possible for e-fuels using
advanced nuclear as an electricity source to
become close to the cost of traditional fuels.

Marine nuclear power offers the most
competitive option for the production of e-fuels
when compared to the levelised cost of  
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electricity for intermittent renewable with the
storage needed to make them reliable of 117
$/MWh [xiii] or the cost of Singapore grid
electricity for industry of 158 $/MWh.[xiv] Both
these options would vastly increase the cost to
produce these fuels as is shown in Table 3. 

This shows why marinised nuclear power is the
best possible option for the provision of e-fuels it
is not only the most reliable option, but also the
only one that will be able to offer the fuels that
will be acceptable to the international maritime
industry. The total system cost of grid electricity
and even specifically co sited renewable paired
with storage will not be able to produce the fuels
at the costs needed.
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Figure 6 Cost Comparison of three major
candidates for E-fuels made with marine nuclear
power 

  Fuel   Advanced Marine Nuclear   Renewable and Storage    Singapore Grid 

  Ammonia   $990   $1,870   $2,370

  Methanol   $630   $1,530   $2,040

  E-Diesel    $2,650   $5,340   $6,860  

Table 3 Comparison of the production cost of 1 tonne of alternative fuels using different electricity prices 
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6.  Conclusions

The coupling of Floating Nuclear Power Plants
with Floating Production and Storage Units is
possibly the dominant option for the large scale
production of electro fuels, not only for marine
uses but also for aviation and land based
industry. This conclusion is based one the fact
that this is, by far, the only technology capable of
meeting the three criteria needed for the
effective and large scale deployment of synthetic
e-fuels.

Affordability. Marine nuclear is able to offer
electricity at a lower price than grid-based
electricity or renewables and storage. With
expected developments in electrolyser
technology, it will be possible to compete with
traditional fuels by 2050. 

Minimal Total Life Cycle Externalities. Marine
nuclear has no hidden upstream emissions and
will offer low externality electricity production
throughout its lifespan. [xv]

Scalability. By utilizing shipyard construction, it
will be possible to increase the deployment
times of these facilities when compared to land-
based deployments. Furthermore, these facilities
will use much less space than an equivalent
renewables-based project. 

CORE POWER envisage a series of facilities in
major shipping hubs such as Rotterdam and
Singapore producing fuel for bunkering where it
is required. This could facilitate the creation of
green corridors one of the leading proposal for
the development of a green shipping ecosystem.
Fuel creation at point of use would significantly
reduce the complexity of the logistics of fuelling
allowing further decreases in costs and
externalities. 

www.snames.org.sg41ST ANNUAL JOURNAL 2021/2022| 24   

Reference

[i] EIA. Jet Fuel Consumption, World, Annual
[Online] Available
https://www.eia.gov/opendata/v1/qb.php?
category=2135044&sdid=INTL.63-2-WORL-MT.A

[ii] IMO MEPC, “Energy Efficiency of Ships-Report
of fuel consumption data submitted to the IMO
Ship Fuel Oil Consumption Database in GISIS”,
2021

[iii] M. Yugo and A. Soler, “A look into the role of
e-fuels in the transport system in Europe (2030–
2050)”, Concawe Review, vol. 28, pp.4, 2019

[iv] Together in Safety, “Future Fuels Risk
Assessment”, 2022

[v] Hydrogen Council, “Hydrogen for Net Zero”,
2021 

[vi] IRENA, “Renewable Methanol”, 2021 

[vii] MAERSK (2022 March. 10), A.P. Moller -
Maersk engages in strategic partnerships across
the globe to scale green methanol production by
2025. Available
https://www.maersk.com/news/articles/2022/03/1
0/maersk-engages-in-strategic-partnerships-to-
scale-green-methanol-production

[viii] Norsk E-Fuel (2020 June. 09), Norsk e-fuel is
planning Europe’s first commercial plant for
hydrogen-based renewable aviation fuel in
Norway Available
https://www.sunfire.de/en/news/detail/norsk-e-
fuel-is-planning-europes-first-commercial-plant-
for-hydrogen-based-renewable-aviation-fuel-in-
norway

[ix] IRENA, “Green Hydrogen Cost Reduction
Scaling up Electrolyser to Meet the 1.5°C Climate
Goal”, 2020

https://www.eia.gov/opendata/v1/qb.php?category=2135044&sdid=INTL.63-2-WORL-MT.A


[x] Bloom Energy (2021 May. 18), Bloom Energy
and Idaho National Laboratory to Generate
Hydrogen Powered by Nuclear Energy, Available;
https://investor.bloomenergy.com/press-
releases/press-release-details/2021/Bloom-
Energy-and-Idaho-National-Laboratory-to-
Generate-Hydrogen-Powered-by-Nuclear-
Energy/default.aspx

[xi] H. Wilaauer et al ,” The feasibility and current
estimated capital costs of producing jet fuel at
sea using carbon dioxide and hydrogen”, Journal
of Renewable and Sustainable energy, 4 , 033111

[xii] H.D. Willauer, F. DiMascio, D.R. Hardy, F.W.
Williams, Development of an electrolytic cation
exchange module for the simultaneous
extraction of carbon dioxide and hydrogen gas
from natural seawater. Energy Fuel 31, 1723–1730
(2017)

[xiii] Lazard (2021 Oct. 8), “Levelized Cost Of
Energy, Levelized Cost Of Storage, and Levelized
Cost Of Hydrogen” Available;
https://www.lazard.com/perspective/levelized-
cost-of-energy-levelized-cost-of-storage-and-
levelized-cost-of-hydrogen/

[xiiv] Global Petrol Prices (2022),Electricity Prices,
Available
https://www.globalpetrolprices.com/electricity_p
rices/

[xv] A. Bielecki et al, “The externalities of energy
production in the context of development of
clean energy generation”, Environmental Science
and Pollution Research, 27, 11506-11530 

www.snames.org.sgwww.snames.org.sg41ST ANNUAL JOURNAL 2021/2022| 25   

Rory Megginson is the Director of Analytic of
CORE POWER. He Is a former academic
researcher with a passion for decarbonisation,
who joined CORE POWER after completing a
PhD in Chemistry at the University of St Andrews.
Rory heads up the Analyst team at CORE POWER
and his main area of focus is the creation of
green fuels using marinised nuclear power.

Authors Biography

Giulio Gennaro is the Chief Technical Officer of
CORE POWER. He is a Chartered mechanical
engineer from the University of Genova, Italy, and
he holds and EMBA from SP Jain School of
Global Management, Singapore. He is an expert
in ship propulsion, machinery, asset integrity and
all related to failure investigations of machinery
and mechanical components. He is also a
mentor for Pier 71, the joint incubator and
accelerator by the Maritime and Port Authority of
Singapore and the National University of
Singapore.



Abstract
The IMO Carbon Intensity Indicator (CII) is going to limit the real CO2 emission for sea-going vessels greater
5,000 GT from 2023 onwards. The paper gives an overview of the CII basics and presents some use cases for
typical container vessels and bulk carriers. The respective operation was analysed and potential measures to
improve the CII situation were evaluated. The results demonstrate that different solutions for CII
improvements have to be applied for each specific ship and application. Further on, the improvements need
to be tackled continuously further on, enabling to keep the vessel in an acceptable ranking.

CII-Impacts on the Operation of
different Ship Types – Solutions for
future-proof Operation of existing
Vessels
Prof. Dr. Hinrich Mohr [1], Serafeim Katsikas [2], Hannah Ohorn [3], Peter Seedorf [4], Sascha Spörl [4], 
Dr. Andreas Thalhammer [5]

[1] GasKraft Engineering
[2] METIS Cyberspace Technology
[3] CPO Containerschiffreederei
[4] Carl Baguhn Hamburg
[5] Geislinger
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minimum within three years. Otherwise, the
vessel will lose its emission certificate.

This paper analyses the typical operation of
different vessel types with regard to the CII
values, especially for container vessels and bulk
carriers. Based on the results, potential CO2
reduction measures for the propulsion plant, e. g.
engine power limitation (EPL) or the use of
alternative fuels, with the respective effects and
potential risks are evaluated. These insights
should deliver decision support for owners and
operators.

Introduction

According the actual regulations by the IMO
Carbon Intensity Indicator (CII) [1] from 2023 on
all sea-going vessels greater 5,000 GT have to
report yearly CO2 emissions from real operation.
Based on these values the vessels will be ranked
in classes from A to E. For every year following
2023 the mean value baseline for the class
definition is going to be reduced by given
percentage values, which lead to a continuous
ranking deterioration, if no countermeasures for
CO2 emission reduction will be applied to the
vessel. When a vessel is ranked in class D or
worse the owner has to implement respective
improvement measures to reach class C 
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three consecutive years, a corrective action plan
for the achievement of rating C needs to be
approved.

Already from the beginning, the IMO CII
regulations define a yearly reduction of the CII
level (see fig. 2), so the respective vessel rating
decrease year by year, if no CO2 emission
improvement measures are applied by the
owner. The first review of the reduction factors is
scheduled for 2026.

CII Basis

The CII is valid for all cargo, ro-pax and cruise
vessels greater 5,000 GT. The implementation
starts on January 1st, 2023 for all vessel types
mentioned before. The vessel owners have to
report yearly the results of the CII calculation
leading to a vessel rating in class A to E. This is
combined with an annual statement of
compliance. Fig. 1 shows an overview of the CII
calculation formula and the vessel ranking
scheme.

As standard, the vessel operation should result in
a C rating minimum. If rating D or E applies in 
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Fig. 1 CII calculation formula & vessel ranking scheme (© DNV [2])
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The EU is already ahead of this concept and is
going to apply in 2025 already the FuelEU
Maritime regulation, considering a well-to-
propeller (WTP) approach. Here, the production
and transport of the fuel is considered for the
CO2 emission effect already. This supports the
use of 'green fuels'. The IMO is discussing a
similar approach, but there is no due date
defined up to now. A review of the regulations is
expected on 2026.

An important aspect for the CII is, that IMO
currently considers only a tank-to-propeller (TTP)
approach. This means, that the CO2 emissions
are considered for the CII calculation, which
generates from the fuel in the bunker storage of
a vessel. The source of the fuel – fossil or
renewable – is not considered yet. Based on this
approach, the use of so-called 'green fuels' do not
bring benefit to the owners with regard to the CII
ranking (see fig. 2).

 
Fig. 2 CII reduction factors & ranking baseline definition (© DNV [2])
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Fig. 3 Framework for the GHG Emission reduction by IMO and EU (© DNV [2])
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An optimization of the hull resistance by
hydrodynamic measures e. g. new bulbous
bow, low-friction paint, air lubrication, …
Installation of Carbon capture technologies to
withdraw the CO2 from the exhaust gases
into a storage on board. The captured CO2
can be discharged during berthing and
utilized in the CO2 circle for producing 'green
fuels' or stored in underground reservoirs.
Change of main engine and auxiliary engine
operation to alternative fuels from renewable
sources (meaningful when WTP approach is
in place).

The operational optimization of the complete
ship operation including auxiliary operation
and hotel load to reduce fuel consumption to
the minimum.
A limitation of the main engine output (EPL),
which results in a reduction of the maximum
vessel speed.

Which measures can be applied to a vessel for
improving the CII value? There are several
options possible as to be seen from the following
list:

 
Fig. 4 14k TEU-class container vessel particulars (© CPO)
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Fig. 5 CII evaluation of 14k TEU-class vessel in relation to vessel speed (© CPO)

 

www.snames.org.sg41ST ANNUAL JOURNAL 2021/2022| 29   



Container Vessel

The CII evaluations were done on the example of
the 14k TEU-class container vessels of CPO
Containerschiffreederei. Fig. 4 shows the typical
particulars of these vessels.

The table in fig. 5 displays the CII class ranking of
these vessels with regard to the speed. Further
on the yearly degradation of the CII reference
base is shown. According to this evaluation,
today's operation with high speeds is in D and E
rating always. If operated further in the same
way and without implementing improvement
measures, the vessel's emission certificate will
end in 2028. In 2026 the vessels have to limit the
speed to 15 knots for keeping in C rating. In 2030
the vessel speed would be limited to 14 knots to
keep the C ranking. 
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Fig. 6 Impact of propeller design optimization for slow steaming (© Geislinger)
Upper: shift to different vibration load conditions by a change of the engine speed profile
Lower: propeller size impact on torsional vibrations
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One typical improvement measure for slower
ship speeds is the exchange of the propeller
optimized for lower speeds. But this can have
impacts on the powertrain behaviour as to be
seen in fig. 6. The changed torsional vibrations
can lead to increased ageing and wear of the
powertrain components.

These examples show clearly that the limitation
of engine output is not the solution to keep this
type of vessel in operation for a longer time
period.

Bulk Carrier

For this vessel type the evaluations were
executed for an exemplary bulk carrier, which
has been built in high production numbers
worldwide. The vessel particulars are shown in
fig. 7.



If the shipowner decides for such approach, the
impact on the operation needs to be
investigated further. Of course, the lower ship
speed leads to more days at sea which might
impact the vessel's availability.

In the following potential impacts on the
powertrain are discussed. For this the actual
vessel operation have to brought into relation to
the required engine output. The typical
operation profile of an exemplary bulk carrier
from 2021 can be seen in fig. 10.

The combination of the data given in fig. 7 and
the operation data from the 2021 evaluation
period (annual distance traveled: approx. 55,000
nm, annual fuel consumption: approx. 4,300 mt
LSFO & 900 mt MDO) lead to the following CII
results (see fig. 8).

Without changes the vessel will reach the D
rating in 2026. For keeping the vessel in C-rating,
the vessel's fuel consumption would have to be
reduced in 2028 by 13 %, for B-rating by 18 %.
Both can be reached by a reduction and
limitation of the main engine output. The impact
of such reductions can be seen in fig. 9.

The engine power limitation of -13 % will keep
the vessel in C rating until 2030, so just four more
years. With -18 % the C-rating might last two
Tyears more.

 
Fig. 7 Exemplary bulk carrier (drawing © CSSC)
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Fig. 8 Bulker CII evaluation results (based on 2021 evaluation period) (© CBH)
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The challenges of this restrictions can be
overcome by installing a new torsional vibration
damper, which is shown by respective
calculations of Geislinger. But the new damper
would have an approx. 30% increased weight
compared to the original damper. Beside the
effort to exchange the torsional vibration
damper the following topics needs clarification
beforehand: will the maximum load of the
engine support bearing be exceeded? Would be
an additional, external support bearing required?
Is there enough space in front of the engine
available?

From the left diagram in fig. 11, displaying the
ship resistance curve as function of ship speed, a
typical engine power of 60 % MCR can be
retrieved. This value is put in an engine
speed/load-diagram (see fig. 11 right side).
Further on, the reduced output values are
included in this diagram as well. The diagram
shows clearly that limiting the output will bring
the engine operation close to the barred speed
range (grey marked area). This will give the crew
a very small operation window of the main
engine. 

 
Fig. 9 Impact of reduced/limited engine output on CII rating (©CBH)
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Fig. 10 Exemplary bulker operation profile in 2021 (© METIS Cyberspace Technology)
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loads. Questionable is a reliable function of this
turbine bypass when only rarely used.

A further option for reducing the CO2 emissions
of the vessel is the operation with alternative
fuels. For bulk carriers green Methanol seems to
be an interesting option because the existing
bunker storages can be used by applying a
respective coating. Of course, the total operation
range of the vessel will be reduced due to the
lower heating value of Methanol. This has to be
considered in the route planning.

Further challenges with a limitation of the
engine output to below 50 % MCR are caused by
the low boost pressure of the turbocharger. This
leads to a bad combustion quality and high
temperature levels. A solution could be a
modification of the turbocharger specification.
For achieving MCR output for emergency
operation still after modification, a controllable
turbine bypass (so-called waste-gate) have to be
installed. This avoids exceeding cylinder pressure
due to too high boost pressure at high engine 

 
Fig. 11 Exemplary bulker main engine power estimation © METIS Cyberspace Technology / GasKraft
Engineering)
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Fig. 12 Impact of Methanol and LNG use on CII rating (©CBH)
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The vessel travelled in laden condition in a
variety of speeds between 10 to 13.3 knots.
Almost 20 % of the time in 2021 the vessel
was on anchorage. 

the space requirements of the cryogenic storage
tank. The installation could lead to the loss of
one cargo hold decreasing the vessel economics.

Operational Optimization

The impact of optimized vessel operation was
investigated for a capsize bulk carrier by
comparing the year 2021 and first half of 2022.
The task was to define the optimum speed
profile and the proper instruction speed based
on the 2021 data for reducing the CII factors for
2022. By the METIS IoT platform high frequency
data were taken with a sampling period of 15
seconds. The data included GPS position,
speedlog, rudder angle, gyro compass,
anemometer, shaft torquemeter, fuel flowmeters
and draught gauges. For the evaluation the
mathematical models and machine learning
models of the METIS analysis platform, which
were created for the specific vessel.

The analysis of the 2021 vessel operation resulted
in the following main findings (refer to fig. 14):

Fig. 12 shows the CII impact of utilizing Methanol
on the chosen bulk carrier under consideration
of the actual IMO rules with TTP approach. As
comparison, the use of fossil LNG is shown as
well in the diagram.

It can be seen that fossil LNG is currently better
rated by the IMO regulations than green
Methanol due to the TTP approach. The
combustion of Methane (CH4), which is the main
component of LNG, produces less CO2 than
Methanol (CH3OH). So, the use of Methanol
would keep the vessel only for three additional
years in C rating under the current boundaries. A
retrofit of the vessel to Methanol operation will
make sense, when IMO change to the WTP
approach, considering the fuel production on
renewable basis. The technical concept for such
a retrofit is already available and can be applied
today. Fig. 13 displays an engine concept with
direct Methanol injection in addition to the
existing Diesel fuel injection system. Such
concept would allow a Methanol combustion
ignited by a Diesel pilot injection or a standard
Diesel operation as back-up mode. It can be
applied to slow-speed two-stroke engines and
medium-speed four-stroke engines as well. 

Additionally, it has to be mentioned that LNG is
not a preferable fuel for a bulk carrier because of
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Fig. 13 Exemplary retrofit concept with direct Methanol injection system (© GasKraft Engineering)
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Fig. 14 Capesize bulk carrier operation profile analysis from 2021 (© METIS Cyberspace Technology)

 

 
Fig. 15 Capesize bulk carrier 2021 fuel oil consumption values (© METIS Cyberspace Technology)
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Fig. 16 Capesize bulk carrier 2022 operation profile change (© METIS Cyberspace Technology)
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The anchorage time was reduced by half.
The trim was adjusted to the new instructed
speed.

The case study results are displayed in fig. 17. The
CII value could by reduced by nearly 20 % from
3.46 in 2021 to 2.87 in the first half of 2022. The
traveled distance increased by 25 %, related to
similar time periods in 2021 and 2022, due to
improved operation planning. For the first half of
2022 the vessel saved 930 metric tons of fuel oil.The profile of laden speed was narrowed

around 10.6 knots.

A statistical analysis for several speed of ground
ranges (see fig. 15) of the main engine fuel oil
consumption per hour and per nautical mile
revealed the problem on judging the instructed
speed per voyage.
 
Based on the finding from 2021 the vessel's
operation profile was changed, resulting in the
following (refer to fig. 16):

 
Fig. 17 Capesize bulk carrier case study results (© METIS Cyberspace Technology)
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A limitation of the main engine output can
keep the vessel CII compliant for some years,
but can lead to operational restrictions, e. g.
by barred speed ranges, or result in increased
powertrain component wear, e. g. due to
increased torsional vibrations.
Alternative fuels usage can provide CII
benefits due to reduced CO2 emissions, but
currently IMO considers TTP emissions only,
so fossil LNG is better rated than green
Methanol. Hopefully, from 2026 onwards IMO
will consider WTP emissions. EU will start this
approach in 2025 already.
An optimization of the vessel operation
including auxiliaries and hotel load can
support the CII tasks clearly, but will not be
sufficient as single solution.
Further measures for improvement like
measure to reduce the hull resistance can be
meaningful.

Conclusion & Outlook

The CII regulations of IMO tackles and limits the
CO2 emissions of real ship operation starting
from 2023 onwards. The requirements to fulfil
are going to be reduced each following year, so
the effort for fulfilment will increase
permanently.

Within this paper three real cases for existing
vessels and different applications showed
insights, potential solution and challenges. The
main results are:

The CII fulfilment requires a close operational
planning between charterers, owners and
operators. A detailed operation data analysis and
involvement of component suppliers and service
providers at the earliest possible stage supports
the avoidance of issues.
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Abstract
Historical climatic data clearly reveal that climate warming is an inevitable and natural process, not only due
to human economic activities but also due to natural processes including the interactions among the solar
system, tectonic events, oceans, and atmospheric constituents. In the absence of greenhouse gases
including H2O and CO2, the planet would not have been habitable for many biological species including
human beings. As an integral part of the natural creation, anthropogenic activities along with the solar and
tectonic events would continue to cause a gradual increase in climate warming and the biological species
would continue to adapt to continually changing climatic conditions. However, a sudden increase in the
planet’s average temperature along with the extreme weather behaviors in the recent past is a point of
concern that needs to be scientifically addressed. Many scientists including International Panel for Climate
Change (IPCC) and global climatologists are continuing their scientific investigations to arrive at a workable
solution. This article is humbly attempting to identify the possible causes of accelerated climate warming in
recent decades and offer a conceptual solution as an immediate remedy. It is well-documented fact that the
Solid Particulate Matters (SPM) in the troposphere have been gradually reducing in the last four decades
and humidity levels have been significantly increasing during the same period. SPM of the right composition
and size acts as cloud condensation nuclei (CCN) and adequate quantities of SPM are essential to facilitate
proper precipitation and formation of rain drops of adequate size ensuring the natural Hydrologic cycle
which facilitates dissipation of atmospheric heat to the space. Presence of fine hydrophobic aerosol
particulates from biomass and forest fire generate CNN of smaller cloud droplets necessitating super-
saturation of water vapor and increasing the size and residence time of clouds in the troposphere which
enhances greenhouse effect with positive feedback impeding the ambient heat dissipation process
(malfunctioning of natural Hydrological cycle). The planet is therefore, experiencing extreme weather,
unsteady precipitation, maldistribution of water recirculation, cloud bursts, flood, draught, heat wave and
snow-downpour. It is my Hypothesis that the deficit of the right SPM (hygroscopic natural salts and
sulphates) and excess concentration aerosol (hydrophobic fine generated from bio-mass and forest fire), in
the troposphere, for the past five decades, are the double jeopardy causes of accelerated climate warming
and not due to gradual increase of CO2 concentration. The immediate scientific solution lies in restoring
hygroscopic (hydrophilic) SPM level in the troposphere to the pre-1975 level through experimentally
controlled effective and efficient injection of non-toxic fine particles of natural salts and sulphates without
causing air pollution and without disturbing the solar system.

Keywords: Aerosol, Atmospheric humidity, Atmospheric CO2 concentration, Cloud condensation nuclei,
Chronology of atmospheric air quality, Curvature effect, Greenhouse gases, Global average temperature
change, Hydrologic cycle, Positive feedback, Solid particular matter, Solvent effect

Scientific Solution to Decelerate
Climate Warming
Kumar Goud Mulemane,
Process & Plant Design Specialist
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oceans. It is further exacerbated by the
limitations of scientific methods, human biases,
and blind spots. However, I am reasonably
confident that CO2 being a small constituent in
the atmosphere has no potential to cause such
accelerated warming as the planet is
experiencing now. 

2. Is CO2 the Proven Culprit of Climate
Warming & Is it Possible to Reduce? 

The 2007 Fourth Assessment Report of the IPCC
states that: Most of the observed increase in
globally averaged temperatures since the mid-
20th century is very likely due to the observed
increase in anthropogenic greenhouse gas
concentration. There are, however, uncertainties
in predicting the climate of the future. At this
point in time, it is unclear how water and land
will ultimately affect rising levels of CO2.
Currently, the oceans and the vegetation on land
absorb about half of the CO2 emitted by human
sources. As a result, both oceans and landmasses
play a major role in the climate system, yet the
exact effect they will have on rising levels of CO2
and global warming is not totally clear [1].
Besides, it is not possible to reduce CO2
emissions in the coming 10-20 years without
decreasing the overall global economic activities
as alternative energy sources are inadequate.

Further, the poverty of more than 750 million
people in the world is worse than the CO2
emission-related pollution. Every country
continues to exercise its sovereign rights in its
economic development and military expansion
and every citizen would like to enjoy the freedom
to choose his / her living style including
extravagant entertainment, sports, and space
tourism which would only increase energy
demand with a consequential increase in CO2
emissions. All the conferences and summits
appear to be time-buying exercises / pretentions
for sake of doing something. It is therefore
imperative for scientific and engineering

1. Introduction

The 26th Conference of the Parties (COP26) in
Glasgow under the United Nations Framework
Convention on Climate Change (UNFCCC) was
held from October 31 to November 15, 2021. It was
projected to be the most important climate talk
since 2015, when the Paris agreement was
signed. All countries were supposed to have
announced tough new targets for reducing
emissions to keep the increase in the Earth’s
mean surface temperature to well below 2oC
compared to the preindustrial level before the
steam engine was invented. Such conventions
and conferences are being held on a global level
since the 1972-Stockholm conference, followed
by Rio summit in 1992, the Kyoto protocol 1997,
Paris Agreement 2015, and recently the COP26 in
2021. However, even after more than 50 years of
global efforts, no progress is achieved in
identifying the main causes and reaching a
technically feasible, socially, ecologically
acceptable, and economically viable solution for
climate warming. Every stakeholder is
attempting to harvest the climate warming
situation to his / her favor knowingly or
unknowingly. In my view, attributing climate
warming solely to CO2 is due to proximity
error/biases / blind spots. In 1900, the people in
London contrastingly and triumphantly declared
that they eradicated the pollution caused by
horse dung by inventing automobiles, after a
century, the situation was seemingly quite
contrasting. If global efforts are focused on
reducing CO2 to limit climate warming, then the
outcome even after another century would be no
better than the case of horse dung.

Unless we scientifically ascertain the real cause
of climate warming, it is impossible to resolve
the climate warming issue. It is not yet
scientifically established beyond doubt that CO2
is the main culprit due to the complex
interactions among the solar system,
atmospheric composition, tectonic events, and 
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climate temperature graph that the global rate
of increase of average temperature from 1975 is
much higher than that of the previous years.

The above graph also reveals that climate
warming is an inevitable and natural process as
the climate average temperature started
increasing much before industrialization. The
very same greenhouse effect created lots of
sustainable biological species on the planet in
the geological timeframe. As an integral part of
natural creation, anthropogenic activities along
with solar and tectonic events would continue to
cause a gradual increase in climate warming and
the biological species would continue to adapt
(some may go extinct) to continually changing
warmer climatic conditions. We can’t preserve all
the biological species forever and it is neither
Nature’s intent. However, a sudden increase in
the planet’s average temperature along with
extreme weather conditions in the past five
decades starting from 1975 is a point of concern
that needs to be addressed scientifically. Many
scientists including International Panel for
Climate Change (IPCC) and global climatologists
are continuing their scientific investigations to
arrive at a workable solution. This article is
humbly attempting to identify the possible
cause and offer a conceptual and scientific
solution to decelerate the planet’s warming.

community to look for an alternative solution to
limit the immediate climate warming rather
than flutily discussing how to reduce, who has to
reduce how much / when to reduce CO2
emission. I am therefore attempting to offer an
immediate scientific solution with a high level of
confidence to mitigate the current accelerated
climate warming problem.

3. Prevailing Climate Conditions

There are abundant and variety of write-ups and
reports openly available on the subject in
question, hence without reproducing those
published concepts such as Incoming Sunlight
radiation, Heating Imbalances, Earth’s Energy
Budget, Surface Energy Budget, the
Atmosphere’s Energy Budget, The Natural
Greenhouse Effect, Effect on Surface
Temperature, Climate Forcing functions, and
Global Warming, etc, I would like to highlight
only the salient features related to Atmospheric
Heat Engine performance impairment with its
consequential effect on the Climate Warming
and propose a practical solution.

3.1 Ambient Temperature 

It is evident from the following time versus 
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certainly due to high temperature and positive
feedback of greenhouse gases which would be
further elaborated in the following sections.

3.3 Atmospheric CO2 concentration

The following CO2 concentration versus time
graph clearly highlights the fact that the rate of
increase of CO2 concentration in the atmosphere
is 42 ppm from 1980 to 2000 and 44 ppm from
200 to 2020 which is in line with the global
economic activities. However, there is no sudden
increase in the CO2 concentration like in the case
of H2O (humidity).

3.2 Atmospheric humidity

The following time versus absolute humidity
graph clearly reveals that the atmospheric
moisture is significantly increasing with time due
to the greenhouse effect and positive feedback
of the climate system.

It is well understood and generally accepted
concept that about 75% of the Greenhouse effect
is due to H2O and 25% is due to CO2 by virtue of
the respective concentrations in the atmosphere
and their molecular (electronic) structures. The
abnormal atmospheric humidity increase is

www.snames.org.sgwww.snames.org.sgwww.snames.org.sg41ST ANNUAL JOURNAL 2021/2022| 42   



From this table, it is evident that CO2 has no
potential to cause such accelerated climate
warming and it is, therefore, essential to
ascertain the real cause of the accelerated
climate warming. 

3.4 Chronology of Atmospheric Air quality

The following chronological air quality data
taken from the United States, Environmental
Protection Agency portal, for Particulate Matter

PM2.5, describes fine diameters that are
generally 2.5 micrometers clearly indicates that
the SPM level in the atmosphere has been
gradually decreasing with time which needs to
be correlated with the increase in atmospheric
air humidity, the lifetime, size, and quality of
clouds followed by precipitation and rain
formations. The size, quality of clouds, and their
lifetime (residence time) in the troposphere have
a strong impact on climate warming with
positive feedback.

www.snames.org.sgwww.snames.org.sgwww.snames.org.sg41ST ANNUAL JOURNAL 2021/2022| 43   



www.snames.org.sgwww.snames.org.sg

4. Irregular Hydrologic Cycle 

The atmospheric humidity and SPM graphs
presented above clearly indicate that the SPM
level in the troposphere has been gradually
decreasing whereas, the humidity level has been
drastically increasing which circumstantially
proves the fact that there is an inverse
correlation between SPM concentration and
humidity in the troposphere. It is well
experienced globally that extreme weather
conditions such as heat waves, drier droughts,
bigger storm surges, cloud bursts, floods, and
greater snowfalls have started post-1980. It is a
clear symptom of damage to the natural
Hydrologic cycle leading to malfunctioning
ambient heat engine (heat dissipation process)
which is the main cause of the accelerated rate
of climate warming in the recent past five
decades.

A cloud is an aerosol consisting of a visible mass
of minute liquid droplets, frozen crystals, or other
particles suspended in the atmosphere of a
planetary body. Precipitation is a product of the
condensation of atmospheric water vapor that
falls under the gravitational pull from clouds. The
main forms of precipitation include drizzle, rain,
sleet, snow, ice pellets, graupel, and hail.
However, the fog and mist form colloids, in
which water vapor does not condense
sufficiently to precipitate. Cloud droplets form
onto pre-existing aerosol particles / natural solid

particulate matter (SPM), known as cloud
condensation nuclei (CCN). Droplets condensing
around current hydrophobic aerosols of fine
particulates in the atmosphere produce more
numerous drops than those formed around the
aerosol particles of natural salts and larger SPM.
Smaller cloud droplets exhibit a greater
curvature, which causes a more rapid rate of
evaporation from their surface. As a result of this
curvature effect process, smaller droplets require
an even greater vapor pressure (higher super-
saturation) to keep them from evaporating away.
The smaller the droplets, the greater their
curvature, and the higher the supersaturation
needed to keep the droplet in equilibrium which
is a symptom of precipitation inhibition.

Clouds with fog and mist forming colloids do
enhance the atmospheric greenhouse effect.
Tiny liquid cloud droplets are good absorbers of
infrared radiation but poor absorbers of visible
solar radiation. Clouds even absorb infrared
wavelengths between 8 and 11 μm, which are
otherwise “passed up” by water vapor and CO2.
Thus, they enhance the atmospheric greenhouse
effect by closing the atmospheric window. In
other words, larger SPM facilitate smooth and
regular precipitation whereas smaller ones
inhibit precipitation making water vapor and
clouds of larger size over-stay in the atmosphere
causing a higher greenhouse effect leading to
climate warming and extreme weather
conditions through positive feedback. 
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The following picture containing the layers of
Earth’s atmosphere clearly indicates the position
of clouds which play a vital role in climate
temperature control.

In order to ensure smooth precipitation,
adequate cloud condensation nuclei (CNN) in
the form of relatively larger (1-2 μ) solid
particulate matters (SPM) are required at the
pre-1975 level. The current hydrophobic fine
aerosol is causing cloud condensation nuclei
with smaller droplet size and an increase in
cloud droplet number which is suppressing
regular precipitation and rain formation. The
increase in the water vapor, cloud size, and
lifetime in the troposphere is leading to a higher
greenhouse effect causing accelerated climate
warming. As the ambient temperature and
moisture content have positive feedback
resulted in an accelerated increase in ambient
temperatures and humidity. As clouds can’t
remain in the troposphere forever, with an
excessive increase in moisture, clouds grow
abnormal in size and quantity of moisture with
smaller drop size leading to unsteady
precipitation including but not limited to
impairment of natural water recirculation / 
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mal-distribution of rains, cloud bursts, flood,
draught, heat waves, snow-downpour, etc.

As droplets become larger, the effect of
curvature lessens; for a droplet whose diameter is
greater than 20 μm, the curvature effect is so
small that the droplet behaves as if its surface
were flat. Just as relative humidity less than that
required for equilibrium permit a water droplet
to evaporate and shrink, those greater than the
equilibrium value allow the droplet to grow by
condensation. When cloud condensation nuclei
are hygroscopic (affinity for water vapor),
condensation may begin on such particles when
the relative humidity is well below 100 percent.
When condensation begins on hygroscopic salt
particles, for example, they dissolve, forming a
solution. Since the salt ions in the solution bind
closely with water molecules, it is more difficult
for the water molecules to evaporate. This
condition reduces the equilibrium vapor
pressure, an effect known as the solute effect1.
Due to the solute effect, once an impurity (such
as a salt particle) replaces a water molecule in
the lattice structure of the droplet, the
equilibrium vapor pressure surrounding the
droplet is lowered. As a result of the solute effect, 
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atmospheric positive forcing components as
explained in the previous section. Aerosols
irrespective of sources are indicated as negative
forcing component, but in my opinion,
hydrophobic fine aerosols from bio-mass and
forest fire create generate clouds with fine
droplets which cause positive forcing
components. However, the aerosol of
hygroscopic particles of natural salts (NaCl) and
sulphates (gypsum) have the potential to
generate clouds with proper precipitation with a
healthy hydrological cycle which would
automatically reduce the climate warming rate.  

The natural salts and sulphates are part of the
plant formation, which are not expected to cause
any harmful effect on the biosphere as those
particles circulate with the hydrologic cycle. The
concentration of these non-toxic natural
particles at the pre-1975 level is expected to
repair the natural heat engine performance by
restoring a healthy Hydrologic cycle.

6. Scientific Solution 

It is my Hypothesis that the deficit of the right
SPM (hygroscopic natural salts and sulphates)
and excess concentration aerosol (hydrophobic
fine generated from bio-mass and forest fire), in
the troposphere, for the past five decades, are
the double jeopardy causes of accelerated
climate warming and not due to gradual
increase of CO2 concentration. As this is a
testable hypothesis conceived based on the
empirical evidence as explained in the previous
sections needs to be experimentally calibrated
by injecting fine particulates of non-toxic natural
salts and sulphates (gypsum) into the
troposphere. The locations, particulate size,
composition, quantities and method of injection
need to be ascertained through basic
calculations, simulations and experimental
calibration with the active participation of global
experts, scientists and engineers.

a droplet containing salt can be in equilibrium
with its environment when the atmospheric
relative humidity is much lower than 100
percent. Should the relative humidity of the air
increase, water vapor molecules would attach
themselves to the droplet at a faster rate than
they would leave, and the droplet would grow
larger in size.

Since the smaller nuclei are more affected by the
curvature effect, only the larger nuclei are able to
become cloud droplets. The cloud is composed
of many small droplets too small to fall as rain
and these minute droplets require only slight
upward air currents to keep them suspended.
Those droplets that do fall descend slowly and
evaporate in the drier air beneath the cloud. It is
evident, then, that most clouds cannot produce
precipitation. The condensation process by itself
is entirely too slow to produce rain. However,
observations show that clouds can develop and
begin to produce rain in less than an hour. Since
it takes about 1 million average sizes (20 μ) cloud
droplets to make an average size (2000μ)
raindrop, the condensation process with larger
hygroscopic SPM by which cloud droplets grow
large and heavy enough to fall as precipitation.

There is a strong interdependence between the
size and nature of SPM and the quality of
precipitation affecting the health of the
Hydrological cycle.

5. Radiative Forcing Components 

The following picture was taken from the
referenced literature, and containing Radiative
forcing components of both positive and
negative forcing components. H2O in the
troposphere is also a very strong greenhouse
component but it is not indicated in the
following picture as it is assumed that H2O is a
natural component that is not under
anthropogenic control. However, anthropogenic
decisions and consequent actions do generate
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automatically limit the CO2 concentration in the
troposphere. It does not mean that alternative
climate warming mitigation actions should not
be taken and renewable energy resources need
not be developed. Global efforts should be
continued to stop deforestation, maximize
reforestation through the scientific plantation,
and balance the energy mix on a continual basis
without creating an energy crisis and without
starving energy resources to the developing
countries through un-balanced and infeasible
legal machinery and economic instruments.

The best long-term solution is to prevent
deforestation and start mass plantations on the
global level. Making the planet carbon neutral is
against the natural process. Having electrical
vehicles may only create additional ecological
pressure due to increased mining without
helping to reduce CO2 emissions. Hydrogen
generation needs more energy than it can
generate. Nuclear energy could be a feasible and
viable solution provided the safety norms are 
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The injection of non-toxic natural particles is to
restore the SPM level to the pre-1975 level or till a
healthy Hydrological cycle is restored. Such an
injection is not expected to cause air pollution
and also not disturb the solar system as the
injected particles are in limited quantities and of
natural origin. The specified fine particulates
injected into the troposphere will not come in
contact with human breathable atmospheric air
and precipitated rainwater will scrub the SPM
and return SPM to the sea and land without
causing any associated health issues.

It is expected that, with the proposed mitigation,
the rate of climate warming would reach the
level at which the biological specifies can
naturally adapt without any natural disaster like
the ones of extreme weather the planet is
experiencing. With the manageable climate
warming rate through a healthy and natural
hydrologic cycle, the excess CO2 recirculation
through a healthy hydrologic cycle and well-
distributed cloud precipitation/rain would 
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Authors Biographyenhanced and the people accept it as a
manageable risk. Elimination of poverty,
extravagance, and military expansions need to
be implemented simultaneously to reduce the
global energy demand and CO2 emissions.
Allowing powerful politicians and corporations
to serve their vested interests in the name of
climate warming would only make the world
more asymmetric and unstable.

It is only the beginning of conceiving a
Hypothesis and experimental execution is a long-
drawn marathon process with the participation
of Global political, corporate, and institutional
leaders, scientists, and engineers. It is my
intuition and heuristics that restoration of a
healthy Hydrologic cycle would automatically
limit the global warming limit of 1.5 degrees over
the pre-industrial revolution timeline.
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1. Introduction

When we talk about Ship Repairs, we inevitably
refer to Hull, Underwater equipment, Deck,
Electric/Electronic, Communications equipment
and Accommodation repairs, not forgetting that
Main and Auxiliary Machinery repairs fall under
this heading also. Basically, Ship Repairs are

 

those actions are required to be carried out to
return a ship and its equipment back to the state
where it is fit for safe and sustainable operational
use on the high seas, littoral waters and inland
waterways. Such repairs require to be carried out
to the satisfaction of the Ship's Flag State and/or
Classification Society where demanded by the
rules, regulations and legislation of such bodies, 

Abstract
The changing face of ship operations continues to proceed rapidly and has affected ship repairs. Traditional
shipowners have been in the minority since the financial crisis 12/14 years ago; more ships are owned by
banks, operated by professional managers and deemed an asset. Numbers and types of ships have
increased. The improved reliability of propulsion and auxiliary machinery, more protective hull coatings, and
rapid advances in condition monitoring digitalization and artificial intelligence (AI) have reduced ship levels
repairing and made it more competitive.

“Ship Repairs” are those actions required to return a ship and its equipment to a fit state for safe and
sustainable operations to the satisfaction of its Flag State and Classification Society. Ship repair and fuel
costs form the highest ship costs; if AI can control them, we have a winning formula. Proper scheduling of
operational maintenance procedures, a clear and well-prepared repair specification and agreed methods
over additions all ensure control of costs.

Time out of service requires to be minimized in order not to lose out on freight markets, especially today in
the container trade. This makes life difficult for shipyard scheduling and time frames.

The ship repair industry was slow to react in developing a Safety Culture in its operations. This has now been
well addressed by all and also is under strict legislation.

Usual causes of ship repairs needed are listed, and some experiences described are still relevant today. Now
we have to contend with AI matters where causation is mismanagement of navigational and machinery
controls. AI would appear to have the responsibility and needs resolving.

Whilst “Ship Repair” may seem bad news, it has its humorous side also. It has a myriad of lessons to learn
from some of which are quite unique.

Ship Repair/ Artificial Intelligence
 

Charles Foo and Dave Kinrade 
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including IMO. 

Ships on handover from builder to Owner
commence their ship repair life cycle, which
progresses at a rate and depth through time
depending on the quality of the built ship,
expertise of the Owner's technical management,
officers and crews. Attention to detail by all
concerned and the adequate financial input of
the Owners to ensure effective maintenance,
repairs and materials are supplied are most
important.

Ship Repairs are carried out in a drydock where
underwater repairs, cleaning of the hull and
painting, survey of the hull, rudder, propellers
and tail shaft and other such appurtenances, e.g.
sea valves, anchors and cables are needed, or
ship repairs are carried out alongside afloat in a
ship repair company's yard, at anchorage, or, on a
seagoing passage by ship's crew or a riding
squad. 

Artificial Intelligence is having some effect on
ship repairing through digitalized condition
monitoring, but the varying and differing nature
of ship repairing means it is a difficult nut to
crack. 

2. Costs

It is an established fact through the ages that
minimizing costs is a ship owner's constant
mantra and is understandable, but although
today more ships are owned by the banks,
traditional ship owners' mantra remains the
same. Together with fuel and manning, ship
repairs are a high-cost item, and thus every effort
is needed to reduce their quantum. Maintenance
programmes require close attention with regard
to cost control, meeting safety and
environmental targets and operational goals.
Fortunately, today digitalized condition
monitoring, when applied to a ship, especially a
new ship at delivery, enables costs to be kept 

                                                                                                                     

down as the data provided enables the making 
 of short and long-term decisions on
maintenance and repair. Experience of shore/sea
engineering staff and their running of the ship's
plant, carrying out maintenance and repairs are
major considerations. Maintenance properly
scheduled in either the – Reactive, Preventative
or Proactive categories reduces the need for ship
repairs and operational costs. Each category can
be used as a standalone or in concert with each
other. 

Costs vary from country to country, presently the
price of steel has increased and spare parts also.
Hull cleaning of biomass (using high-pressure
fresh water jets) and paint are expensive. The
currency of the shipyard's country will require
consideration when contemplating repairing a
ship, maybe requiring buying ahead. 

An area where costs possibly have possibly
levelled out our engine repairs (main and
auxiliary, both types of which are more reliable
these days. 

At the end of a repairs period, items subject to an
insurance claim require to be agreed upon with
the ship's Hull and Machinery Insurance
surveyors.

3. Present Situation 

Today's owners are always looking to minimize
time spent on ship repairs and maintenance in
order not to spend money firstly or lose out to a
rising freight market, e.g. container market. This
has made life difficult on yards scheduling and
time frames. It is reported that in assessing the
ship repair sector during the first half of the year,
we still come across surprises and new
restrictions which are shaking the repair market,
denying it stability. Any disruption in the ship
repairs market has an immediate effect on the
shipyard's available slots, costs, and repair time. 
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Considering also the elevated dry bulk freight
market, the pressure on shipping companies to
perform is tremendous. They are thus trying to
control their ship repairs to the maximum extent
possible to avoid pit holes and last-moment
changes. Covid has made this a most difficult
task. 

4. Safety 

Ship repairing was, for whatever reasons, slow to
react to developing a Safety Culture in its
operations. The matter is now better established,
and safety is closely monitored by the legislative
bodies concerned with maritime matters under
strict legislation. It is essential that prior to any
ship repair operations commencing that safety
organization and procedures are discussed,
requirements - are made known to all
concerned, monitored and regular drills are
carried out. The Law with respect to ship repair
safe operations has been extensively revised and
made clear with heavy penalties for non-
adherence prescribed. Dedicated Safety Officers
are now employed in a ship repair company's
workforce. Regular on-site inspections by
governmental bodies are carried out when work
is being carried out.

There has been success in the enhancement of
safety, but there have at times been lapses that
emphasized the need for it. A serious accident
occurred in a Singapore repair yard. The ship was
named Spyros, an oil tanker, and there was a fire
and explosion aboard her that killed 90 people.
After the fire, it was found on deck an extra pipe
fitted that was used to transfer cargo oil to the
bunker tanks unlawfully had been removed.
Thus the explosive gases in the cargo oil were
allowed to escape to the atmosphere on deck
where welding was being carried out, and fire
and explosion resulted.

5. Repair Specification

Collisions ship to ship, ship to berth, going
aground and pounding, severe weather and
stevedore damages. 
Mismanagement of machinery and controls.
Fuel oil is off specification.
Lack of effective and timely maintenance
scheduling.
Poor workmanship during overhauls.
Poor design.
Spares/ components used for
maintenance/repairs are not suitable or of
poor quality.
Miscommunications, ship, office and repair
company leading to additional repairs. 

Compilation of a detailed repairs specification is
essential and the lynchpin of a safe and
successful operation, and where necessary, items
brought to the attention of the Hull and
Machinery Insurance company and agreed with
them. The use of digitalized condition
monitoring records today is an extremely
valuable asset when compiling an accurate and
comprehensive specification. The specification
should be offered to various yards, of
known/respected quality, for quotations of the
repairs so that the cost and length of time can be
arrived at. All aspects of the specification, work
and safety should be discussed prior to a ship's
arrival, and a plan of action agreed upon, which
also shows any possible alterations that may
crop up. Daily progress meetings require to be
held to ensure that all is progressing well
according to the specifications or that possible
delays may be on the horizon. Depending on a
ship's size, the extent of repairs and age, the
shipowner's supervising team could include an
engineer, naval architect, electronic/electrical
specialists and other specialists as needed.

6. Causation

The usual causes of ship repairs required are
many and varied, and the following will be
recognized by the reader as typical causes.
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Lack of onboard information documentation
(records) relating to operational needs,
maintenance, failures experience and
previous repairs carried out. et al.

Where a proven Hull and Machinery Insurance
Claim arises, and the ship repair costs are paid by
the insurance company, an owner can usually
expect an increase in the next year's premium.

7. Ship Repair/ Artificial Intelligence  

Artificial Intelligence (AI) is safe, ethical and
effective provided that there is compliance with
the Law and statutes of the land, governance is
properly established, sustainability assured and
strong cyber security is put in place that can
cope with the challenges it no doubt will be
faced with.

The number of ships and types has increased,
and as such, AI has to be tailored to a ship's type
and service. Condition Digitalised Monitoring and
Digitalisation of controls in most operational
areas have made major inroads and enabled AI
to progress at a rapid rate. Nevertheless, we must
consider that the varying and differing nature of
ship repairs and ship types are difficult areas to
enable AI. The manufacturing of some spares is
an area where AI is in place.

Now we have AI to contend with alongside a
number of other advanced technology matters
to consider. This requires we understand what a
definition of AI is - it relates to cognitive
computing, which entails teaching computers
how to complete tasks by using human
functions, e.g. learning, reasoning and
communicating in order to make decisions.
Computers are able to" learn" by identifying
patterns, analyzing that data and making
decisions based on the results. This process is
known as "Machine Learning". Computers may
identify more complex patterns in data sets 

Modular construction practices for large steel
repairs.
Robotic welding and cutting of steel.
Robotic hull cleaning and painting.
Use of Automated Guided vehicles moving
machinery and parts about a shipyard.     
Autonomous crane operations.
Use of drones for inspection by the yard,
owners and classification of tanks and holds.
Blockchain for steel/other material
procurement processes. 
Enhanced safety procedures.
Redefining testing procedures carried out
after repairs.
Digitalization of additive manufacturing
processes.
Machinery repairs procedures.       
Automated planning, scheduling and
reporting systems.

through deep learning, a process whereby
computers are taught to mimic activity in the
human brain.

It is a known fact that ship repair costs, together
with fuel, form the highest costs, closely followed
by crew costs. The ship repair industry, in its
advancement "towards" AI, needs to further
evaluate its practice, e.g. in the following areas:

Ship repair yards need to take a real interest in
the development of AI in order to protect their
future business. Where causation of disruption or
damages in a shipyard is mismanagement of
machinery or controls, the AI in place will hold
the responsibility, but this will be at the yard's
expense.

Whilst AI can be codified to some extent, IMO
and other state requirements when dealing with
ship repairers have to be complied with.

It is perhaps some way off for Ship Repair to be
fully concerned with AI, if ever.   
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8. Some Repair Experience

The authors started their ship repair experiences
in a similar manner - as apprentice engineers or
engineer cadets. Seagoing followed then ashore
as a superintendent or class surveyor
culminating in senior management positions.
They always have been involved with the
operations, repairs and new building of ships. It
was fortunate for both that their experience was
gained hands-on and not as today, where often a
more academic route is followed, and practically
all repairs are carried out by 3rd parties, not in-
house. They both agree that ship repairs being so
varied and disparate gives a most interesting and
satisfying life but can be frustrating at times. 

Here follows a flavour of some of the experiences
the authors remember from the past. Ships are
not all brand new most have many years to go.
The repairs noted, in some instances, will happen
again. Murphy's Law is important to remember
when involved with ships and ship repairs. "If
something will go wrong, it will go wrong".

An early experience on a seagoing voyage was
being involved in the repair of a twin screw B&W
2 stroke 6 X 550mm bore +/- 2000mm stroke
double acting diesel engine, burning 180cst fuel,
after a scavenge fire broke out prior arrival next
day arrival Antwerp. The main, top and bottom
exhaust pistons required pulling, as also the
cylinder liners. This type of B&W double-acting
engine had a top piston of smaller diameter than
the main and the bottom exhaust piston, which
had the main piston rod running through a
ringed stuffing box fitted in it. Pistons fortunately
only required cleaning, ring grooves gauged, new
rings fitted, and the bottom piston stuffing box
overhauled before boxing up. Cylinder
lubrication points were all checked at this time.
The scavenge space was thoroughly cleaned, as
was that of the other engine, and all units on
both engines were sighted through the scavenge 
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ports except the top pistons. Thanks to the swift
and correct action of the watchkeepers, at the
start of the scavenge fire, lifting the cylinder fuel
pump and only slowing the engine down, there
was no damage to other units or seizure of the
unit on fire. To a young man, it was rather
disconcerting to see the scavenge inlet casing in
the way of the damaged unit glowing orange.
The smoke damage messed up the engine room,
and the incident broke the Chief's heart as the
engine room had been painted and kept very
clean for arrival London and Superintendents
inspection; it had been a "picture to behold".
Cause accumulation of sludge in scavenges
space after a long run direct from Suez igniting
after the engine stopped for the pilot due
reduced airflow and on restarting the unburnt
engine fuel carried over. The ship's crew carried
out all the above repairs, but not enough crew on
board today's ships to carry out any major
repairs, even on modern ships.

One old respected British shipping company
(now no more due to containerization, joint
ventures and the financial wizards) had a type of
main diesel engines second to none in their day
fitted in a class of ships which were a pleasure to
sail on as an engineer. For information, they were
B&W/H&W 6 cyl two strokes single acting
opposed piston 750mm bore / 2000mm stroke.
Fuel injection equipment was Wilson and Kyle
gas compression fuel pumps of the main engine
(not cam operated), and the fuel valves had the
pilot injection. Repairs normally carried out were
usually of a minor nature as found during routine
planned maintenance. On one occasion, a vessel
of this class suffered a bad experience. Whilst on
passage from HK to Japan and back, the weather
deteriorated into what was later advised as next
door to a typhoon; it was an extremely bad storm
with the vessel rolling and pitching heavily. The
high suctions changed back to the low suctions
after the Malaysian coastal estuary waters, and
the lubrication oil DB tank suction was in use,
and lubrication oil pressure increased when the 
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and 5th engineers and 3rd and 4th engineers,
were set, and the ship's crew was distributed
between shifts, plus the company's HK Chinese
shore gang fitters. Junior engineers(2) split port
watches with a rating each. The superintendent
had an immense task arranging workshop
facilities ashore for remetalling and machining
bearings and ensuring adequate white metal
available from his store and the workshop facility
and the necessary transport requirements from
and to anchorage. Top and main pistons had to
be removed to gain access to the crankcase
bearings, and the senior engineer officers
assisted the fitters in scraping, blueing and
bedding bearings. When hardening up bearings
(big hammer work standing on planks) in place
for checking in the bedding of bearings or
gauging leads to check clearances and final
boxing up, the senior officers carried out this
work. Top-end bearings' renewals and slipper
guides are required to be regularly checked to
ensure alignment. No. 6 top-end bearings were
lightly damaged and only required a light scrape
in. The main bearings were visually inspected,
and one at the free end was opened up and
found in order. On boxing up, a complete
crankcase clean was carried out and filtered and
placed at lubrication oil inlets to the engine and
piston cooling systems (lubrication oil) which
were flushed through before the engine trial.
Altogether 5 top ends remetalled, and the pins
were all landed for polishing. 3 bottom ends
remodelled, crank pins OK, and one eccentric
strap bottom half dropped, found in order and
lightly scraped before boxing up. A couple of fuel
injection pumps were opened up and found in
order. It was most satisfying to find all in good
order on completion of the engine trial nearly a
fortnight later. Good teamwork, including the
deck dept's help and efficient planning and
organization, paved the way for a big job to be
successfully done in good time without the
shoreside ship repair yard's assistance.

weather started to get worse. The old man had to
keep her head up into the storm and needed as
much power as possible to do so, so it was
uncomfortable down below. The engine rpm was
surging up and down, and the Aspinal type
governor was cutting in and out. An instruction
was given to the senior watchkeeper to adjust
the governor. This meant climbing up to the
governor and adjusting it with fingers and small
tools; the watch keeper was reticent to do this
and expressed his objection vociferously, "no can
do lah, no fingers left, not me" or such. The watch
keeper's greaser had arrived with rope, and the
watch keeper was tied up to the controls,
bracing himself with a foot against the engine,
which prevented him from falling over when she
rolled or pitched; he was thus able to minimize
the rpm surging of the engine by manually
manipulating the fuel control handle. The old
man eventually reduced speed when he could,
and the vessel proceeded on the voyage to HK;
even so, it was still a bit of a rough ride (pardon
the pun), and the engine crankcase could not be
inspected; senior watch keepers kept manual
control on the rpm. Arrival HK was in good
weather and the vessel anchored off at the
buoys. It was about noon when FWE was rung
and the turning gear put. Later after lunch and
the engine cooled down a little, the small
crankcase doors were removed to carry out an
inspection; what was seen was not a pretty sight.
(First thought plenty job lah no shore leave HK
this time pal for anyone). Lubrication oil pumps
were stopped and the crankcase inspected; there
was white metal everywhere; initial visual
inspection found at least 4 top end bearings, 4
bottom ends, and possible two eccentrics in
need of attention; the thrust was found in order.
Findings were relayed to the HK-based
Superintendent Engineer, who immediately
came onboard sighted damage, and a plan of
action was made. Tugs were ordered for standing
by. Two twelve-hour shifts, each headed by 2nd 
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One eccentric strap was found damaged in
Singapore later and remodelled. The No.6 top
end showed signs of wear and was renewed. The
rest of the engine was in order. (Lesson learnt
that a German 3-sided pointed scraper is better
to use on white metal bearings than a flat
rounded scraper). The engine operated on the
run down to Singapore without problems. Why
shore ship repair company labour other than
remetalling and workshop machining not fully
used – because the company's ship and shore
staff had the expertise, and the ship's engineers
would need a second set of eyes somewhere
with an outside shoreside repair outfit!

A large oil tanker, a motorship, on tank cleaning
burnt out tubes in the water tube boiler which
had plenty of hand holes and which after repairs
had to be tested with water pressure. The ship
was at anchorage and not near a port with repair
facilities. The cargo pumps were steam turbine
type. Tubes were flown out, and repairs were
carried out by a riding squad, together with a full
inspection of the boiler. Upon completion of
repairs, the young Surveyor requested a test
pressure of Working Pressure + 10%, which the
attending superintendent objected to as the test
would be with cold water and a good recipe for
blowing all the joints on the handholes and
90/100% WP was enough. Mediation was made
by the Owners and Class Office, and 90/100% WP
was accepted. No leaks after the water pressure
test, and the boiler was warmed through and
brought slowly up to WP. 

To enable the drydocking in a public drydock in
the North of England, as the shipping company's
own repair squads were fully occupied, a large
local ship repairing company was employed to
carry out a routine propeller and tail shaft survey;
no problems were being experienced and all on
time. The propeller had been put back in place
near to its marks on the keyed tail shaft in the
sight of the superintendent, but the nut was not

run up. There was a change of shift due, so the
superintendent instructed the ship repair
company's foreman engineer in charge not to
run the nut up until he the superintendent
returned from a need to take a phone call, and
he would then ensure cleanliness and freeness of
the nut on the taper thread and have the nut run
up by hand. On the superintendent's return, he
found that the nut had been run up in his
absence and was fired solid. The ship repair gang
had put a rope on the winch on the deck above
and wrapped it around the nut, and the winch
ran fast, so the nut had quickly run so far up and
fired solid, on dirt, obviously. It could not be
moved back using a tup and the spanner. The
assembly had obviously not been checked. What
to do (hanging one on the foreman engineer's
chin was not an option). Cutting the nut so far
down with a burner and then splitting the
remainder off with a chisel was tried, but when
the nut was removed, the tail shaft threads in the
way were damaged. The tail shaft required to be
removed after the propeller was again
unshipped. This was not an easy job as the spare
tail shaft and damaged tail shaft had to be
removed from the shaft tunnel aft by an
arrangement of chain blocks, slings and pull lifts
and out through an aperture required to be cut
in the ship's side, (all the company's ships carried
a spare tail shaft), to put the spare ashore with
the propeller and sent to the ship repair
company's workshop for cleaning and
subsequent dipping in the propeller to blue and
check the fit of the shaft taper to the propeller
and the key. Time-consuming work which
cannot be rushed. Meanwhile, the stern tube
bearing, which was lignum vitae, was replaced
and bored to the clearance needed to ensure the
lignum vitae did not grip the shaft as it would
swell when immersed in the water. Similarly,
allowance had to be made to ensure the vertical
centre line of the shaft would be correct as the
lignum vitae would also soften in water, and the 
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gearing again checked. Surveyor happy and no
time lost.

Hull Repairs, depending on the extent, usually
allow more leeway as to when to be carried out
as one can monitor the hull visually and examine
it for indentations, fractures, damages, collision
or otherwise. Hull repairs can give ship repairs'
yards plenty of work and a good living. On one
occasion, three weeks in a row, three ships came
into a Singapore yard with a mix of a missing
bow and two severe damages needing a new
bow each. Such work required planning,
workforce and drydock organization and
ensuring availability of materials. 

A similar repair experienced included the
renewal of shell bottom plating. The vessel had
run aground in Venezuela, and on refloating,
heavy damage was found by divers. Photos were
taken, and Owner's superintendent onboard
discussed damage sighted with the class
surveyor of the diver's photos and compared to
hull drawings coming up with a workable extent
of repair and renewal of internals. A discussion
with the class surveyor, confirmation from the
company's naval architects and a favourable
weather forecast allowed the vessel to be sailed
on the tank top to Singapore for repairs. This was
due to the company always building above class
scantling requirements. Drawings of damage
extent and photos were sent to Singapore, and
work commenced with the ship repair company
prefabricating the steelwork and internals
necessary. The vessel was drydocked, and the
damages were found to be practical, as shown in
the initial drawing. Usual tank cleaning and
hotwork preparation carried out. Damaged
plating and internals were cut away, and new
sections were offered up and fitted. A pressure
test was carried out, and Surveyor passed the
repair. The ship returned to service with a few
days in hand. It was a 24 hours job, and the
superintendents and surveyors were on near-
constant call. This showed people what good .
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shaft would drop when immersed. This was done
by raising the height of the boring bar.
Eventually, the vessel departed to load after the
repairs and survey. An interesting repair bill to
negotiate.

The LP turbine on a 20-year-old single screw
cargo liner with HP/IP/LP Parsons turbines was
opened for a survey. It was found that the rotor
had loose and damaged blades. The vessel had
just returned to Merseyside from deep sea and
had a month to discharge cargo on the coast-
wise voyage and re-load for the next liner trade
deep sea voyage. The shipping company had its
own large ship repair outfit and workshops and a
competent workforce to carry out such repair
work except rotor reblading and balancing of the
repaired rotor. The top casing was moved into a
space in the engine room where it could be
worked on and re- blading carried out. Re-
blading of the lower casing could be carried out
in place. Removing the rotor to be sent ashore for
re-blading and balancing was an interesting
exercise as the LP turbine was situated under the
overhang of the accommodation deck, and the
rotor needed to be lifted and moved inboard
horizontally to the vertical access to the engine
room skylight using chain blocks, slings and pull
lifts and removed ashore for transport to
Glasgow to be re- bladed and balanced.
Meanwhile, the IP turbine exhaust to the LP
turbine was fitted with a reducer to reduce the
steam pressure exhausting directly to the
condenser. The LP casings were put back in
place, and thus the vessel was able to sail at
reduced speed to Glasgow with no time lost. The
casings were worked on again, put back, and she
sailed down to Merseyside where they were
again removed and the rotor re-fitted with new
gland seals, all boxed up, engine turned, and
double reduction gearing inspected. Steam
raised, and the engine warmed through and ran
on reduced power alongside. All were found well, 
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  - A few years ago, when the financial field was
flushed with innovation, the questions were
asked about blockchain, not chain block.  

 - In the ship repairing the world, apprentices or
engineer cadets would often, when new to the
job, be asked by the old-time fitters to go get a
bucket of steam or a bucket of square
revolutions or a long stand. If asked a second
time by anyone, it was a good chance for the
apprentice or cadet to disappear for a long while
for a smoke, cup of tea or whatever.

On a more serious note, the British ship repair
industry and its new construction cousin were
decimated by the worker's unions. It is
remembered that one had to treat union
members particularly casual skilled engineers,
workers, boiler makers, steel workers, labourers,
and cleaners caused the demise of those
industries, mind some of the management staff
had a lot to answer for, there was no flexibility to
discuss problems rationally and consequently no
trust. Does not happen now so much.

10. Conclusion

Climatic change is as much responsibility in the
ship repair industry as in maritime matters
globally. In its operations, it has to ensure to work
towards a reduction the problems such as GHG
emissions, et al. and a path of sustainability is
followed.

Ship Repairs is interesting, and of a much-varied
content no matter was carried out globally. Its
execution can also be varied and expensive if
close attention to detail, planning and organizing
is not properly undertaken. Ship Repairing will
possibly always be traditional in its nature
despite modern technology, and even with the
development of Artificial Intelligence, it probably
will not change much except for some
inspections and measurement work and for
machinery repairs which probably will be 
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yard, owners and class communications,
planning and organization could achieve.

A hull repair that also comes to mind was related
to a pre-purchase drydocking and emphasis,
"leave nothing for granted". On inspection, prior
Owner's superintendent's arrival, it was found
that the bottom plating was corrugated,
indicative that the vessel had been aground and
pounding. Repairs had been agreed upon and
commenced prior to the Buyers superintendent's
arrival. The superintendent was uneasy as no
inspection appeared to have been carried out in
the cargo holds and tween decks, in the way of
deck supports and brackets, for damage, so he
did his own inspection from the ship's bottom-
up through the cargo holds and tween decks. He
found steelwork damage that required much
repair/renewal. Sellers objected to the additional
time required, and they wanted their money, and
it would increase their insurance claims as
renewal of H&M was coming up, and they
wanted their money, so they offered an
adjustment to the price. The Surveyor, in
endeavouring to mediate, allowed that the vessel
could continue sailing with a recommendation
in place. The buyer did not accept this action as
the bill of sale stated all surveys were clean, and
anyway, in the future, the recommendation may
affect insurance opinion, or damages could
worsen under unfavourable sailing operations.
Sellers eventually agreed to carry out all repairs.
A  check on holding down bolts was made, and a
set of main engine crankshaft deflections were
taken. The ship was purchased. 

9. Reflections

 - Ships and their Repairs do have a humourous
side. A ship with a dodgy flag at that time
docked in Singapore for damage survey and
repairs. The ship's bottom was completely
damaged from forrad to aft. The Surveyor asked,
"Did you not see the lighthouse Captain?" 'No, sir,
it was daytime'.

www.snames.org.sgwww.snames.org.sg41ST ANNUAL JOURNAL 2021/2022| 57   



reduced due to the increase in the reliable
operation of modern engines and assistance of
digitalized condition monitoring which enables
maintenance and operation to be more closely
tracked and decisions made earlier and more
reasoned. This will also become possible for
arriving at decisions regarding hull condition at
survey coupled with the use of drones for
inspection of hulls, cargo tanks and holds.
Modern technology in the carrying out of hull
repairs is advancing, with computer-aided
imaging coming into its own for in-depth
inspection. 

The use of digitilized additive manufacturing is
bringing major parts and spares into the AI
realm. 

A man or woman will still be needed for the
repairs.
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1. INTRODUCTION

 Maritime digitalization has resulted in the
adoption of information and communications
technology (ICT) to enhance maritime operations
and communications. Though installation of new
software and systems makes vessel operations
easier, they may come with vulnerabilities from a
lack of security controls and poor system design,
thereby increasing cyber risks. If operational
technology (OT) systems are connected to the
Internet for operational purposes, then such
interconnectivity will aid a cyber attacker to
penetrate into the OT network. For example, the
ECDIS can be compromised to disrupt vessel 
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operations by malware, when a crew member
intentionally or unintentionally inserts a
malware-infected USB drive into the system.
Having gained access, the attacker can tamper
with the serial communication between the
engine controllers through Man-In-The-Middle
attack to disrupt engine performance. Other
cyber risks associated with OT subsystems
include phishing, vishing, Denial of Service,
eavesdropping, spoofing, unauthorised access to
vessel networks, Man-In-The-Middle attacks and
malware. These different cyber risks are
associated with OT subsystems through different
attack vectors [1].

Abstract
Increased digitalisation in the maritime sector means that the cyber threat landscape can only grow. In
response, cybersecurity research will play a very important role in identifying the cyber threats and
countering them through the development of defense mechanisms. Stakeholders need to adopt these
mechanisms hand-in-hand with cybersecurity education, training, and cyber drills to holistically respond to
cyber threats. To validate these defense mechanisms’ performance and feasibility before being installed and
retrofitted in vessels, they need to be tested in a realistic environment. A maritime infrastructure testbed is
an ideal platform upon which these activities can be carried out. In this paper we discuss the existing
maritime testbeds and also elaborate the need for a realistic and multi-purpose platform for cybersecurity
research, training, exercise and education. We also introduce the idea of a cyber-physical maritime testbed
that can help improve the cybersecurity posture of the maritime community.

Keywords: Maritime cybersecurity, cyber-physical testbed 
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In addition to SOLAS, cyber risk management is
one of the major aspects that needs to be
incorporated by shipping lines. Several
guidelines and regulations on cyber risk
management have been published by maritime
organisations such as the IMO, BIMCO, ENISA,
DNV, IET. Similarly, we have also published
guidelines for cyber risk management in
shipboard OT systems [2]. Our guidelines focus
on managing the cyber risks in four crucial
shipboard operational technology systems that
are fundamental for vessel operations:
communication systems, propulsion, machinery
and power control systems, navigation systems
and cargo management systems. The guidelines
address the cyber risks in these four OT systems
and the mitigating actions to manage the risks.
The recommended cybersecurity measures can
be implemented by those responsible for
cybersecurity in their respective organisations,
such as IT/OT system specialists and engineers.
Through the process of producing this guideline,
we saw the urgent need to identify and develop
new cybersecurity technologies for the maritime
sector and also build a realistic environment for
testing such solutions before they are being
deployed. There are many testbeds hosted by
organisations across the globe, but they lack a
realistic framework for testing new technologies
since they mainly focus on training and
education. To fill this gap, we are working to
design and construct a new cyber-physical
maritime testbed for cybersecurity research,
exercise, training, and education.

The rest of this paper is organized as follows:
Section 2 reviews the related maritime testbeds
hosted by various maritime organizations.
Section 3 discusses the limitations of existing
testbeds in terms of OT cyber security and
compares different types of testbeds. Section 4
highlights the need for a testbed for maritime
cybersecurity research and introduces the idea of
a new cyber-physical maritime testbed. Finally,
Section 5 concludes the paper.

2. SURVEY OF MARITIME TESTBEDS

2.1 Simulator Centre, Estonian Maritime
Academy

The Estonian Maritime Academy at the Tallinn
University of Technology provides multi-level
education and involves professional research in
marine sciences and its related fields [3]. The
academy hosts several simulators including
bridge simulators, refrigeration simulator, engine
room simulator, incident response simulator and
a dynamic positioning centre for training and
conducting cyber exercises. The academy has
over 50 ships of various types and has 44 virtual
port areas including the Straits of Singapore and
several other complex marine routes.

Bridge Simulator There are four navigational
bridge simulators in the academy, and they are
designed to imitate the weather conditions
characteristic in various sailing areas. This
enables students and other trainees to practice
maneuvering in all environmental conditions.
The navigational bridge simulator also enables
realistic simulations of rescue operations in case
of collision of ships, fire or other distress signals.

Engine Room Simulator The engine room
simulator has been developed to train engine
room personnel such as engineers. This simulator
models the dynamic processes taking places in
ship’s machinery and systems and
environmental aspects like sea water and air
temperatures, wave height, cleanliness of ship’s
hull. Trainees can practice engine room
operations including preparation, powering,
moving in special conditions, simulations of
different faults and the types of engines. The
engine room simulator can be used connected to
the bridge simulator, which facilitates practicing
on a virtual ship.

Refrigeration Simulator The refrigeration
simulator enables simulation of various 
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refrigerating device types such as cold storage
and conditioning devices and its operations such
as powering up, increasing heat load, etc. The
simulator also enables imitation of faults,
diagnostics and supports resolving the faults.

GMDSS simulator The GMDSS simulator can
simulate the radio operations used in marine
communications including berthing, rescue
operations, evacuation and is authorised to
broadcast in all global search and rescue areas. It
enables students to practice real time radio
communications with the peers.

Incident Response Simulator An incident
response simulator known as the Potential
Incident Simulation, Control and Evaluation
System (PISCES), is installed in the centre for
conducting command centre exercises and area
drills focusing on oil spill response. The simulator
provides real time information and enables
simulation of processes such as and wind,
spreading, evaporation, dispersion,
emulsification, viscosity variation, burning, and
interaction with booms, skimmers, and the
coastline for conducting exercises.

Dynamic Positioning Centre The academy hosts
a dynamic positioning simulator where a DP
bridge simulator is with 3 DP control consoles
such as master, slave and conning are installed.
Lectures and training sessions on DP are held
with the help of such a setup.

2.2 Cyber-SHIP Lab, University of Plymouth, UK

The Cyber-SHIP lab at the University of Plymouth
in UK is a platform for maritime cybersecurity
research and development, consisting of both
hardware and simulation-based systems [4]. The
lab was built with the aim of enhancing
cybersecurity resilience in the maritime sector.
The lab consists of both IT (Information
Technology) and OT (Operational Technology)
systems are majorly installed in vessels. There are
two parts to the cyber-SHIP lab.

Main Lab The console in the main lab is where
researchers can control the systems and perform
penetration testing to discover cyber
vulnerabilities so that mitigation strategies can
be developed.

Figure 1 Cyber-SHIP lab components/network
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Equipment Room Shipboard systems such as
ECDIS, RADAR, VDR, AIS, main power supply
systems, networking equipment (ethernet
connections, NMEA adapters, ethernet to serial
adapters), dedicated computers, and network
switches are installed in the equipment room,
also known as "vault".

All the systems in the vault are directly linked to
the console systems in the main lab, which
enable researchers to carry out cyber-attack
experiments by sending benign and malicious
inputs to the ECDIS, RADAR, AIS, VDR monitors.
Currently the lab consists of shipboard systems
such as ECDIS, RADAR, AIS, GNSS, VDR, Iridium
SATCOM, Rudder, etc. These systems are
installed in an architecture that includes
Ethernet connection, serial lines, firewall,
network switches, etc. The lab architecture is
shown in Figure 1 below.

2.3 e-Maritime Integrated Reference Platform
(eMIR), Institute of Transportation Systems
(DLR), Germany

The eMIR is a testbed that is designed and
implemented in cooperation with the DLR and
the Institute of Communication, and Navigation
has been operational since 2014, used for
research and development of methods and tools
for the development, verification, and validation
of new technologies in navigation, organisation,
and surveillance of transportation systems in
maritime industry. This testbed offers the
opportunity to research and develop highly
automated maritime assistance systems and
concepts for autonomous ships. These can be
tested in eMIR under both virtual and real
conditions.

eMIR has a virtual testbed Hybrid Architecture
for Granularly, Generic and Interoperable
Simulations (HAGGIS) and physical testbeds
LABSKAUS and the Research Port Rostock [5][6].

HAGGIS It is a virtual testbed and is part of eMIR. 
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It is a co-simulation and modelling system to
build new virtual e-navigation testbeds. It can be
used to test new e-Navigation technologies in a
simulation. Modules of HAGGIS can be
instrumented based on the requirements for
different application, these allows simulation of
maritime traffic, sensors, environments, and
human behavior to validate and verify the e-
Navigation technologies. 

Research Port Rostock This testbed is a physical
part of eMIR, for Position, Navigation and Timing
experiments with GNSS. It can be used for
analysis of signal interferences and differential
corrections for the application of navigation,
positioning vessel tracking and situation
awareness. It uses maritime utilisation concepts
for the European Satellite Navigation System
Galileo with the terrestrial Pseudolite-system
“Sea Gate” and a maritime Ground Based
Augmentation System (MGBAS) for the
assessment of GNSS based data, these systems
are basis for GNSS signals acquisition and
processing, and used for verification and
validation of new systems. It also provides
different simulation scenarios of realistic ship
handling and for the prediction of maneuvers.
The Sea Gate system is a Pseudolites (PSL -
Pseudo Satellites), which as nine pseudolites,
each PSL performs in the same way as a GNSS
satellite, but it is based on ground signals, which
provides operational area of around 20 square
kilometers. Figures 2 and 3 represent a reliable
provision of navigation relevant data.

Figure 2 Monitoring of Position, Navigation and
Time data as part of a PNT-Unit.
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LABSKAUS This testbed is the physical part of
eMIR and it is placed in the German Bight. Some
of the components of this are modular and
therefore it is portable and can be placed
everywhere. Components of the testbed are as
follows.

Reference Waterway This provides basic
maritime surveillance infrastructure, which
includes AIS, Radar, broadband communication
via LTE. These AIS and Radar data tracks are
gathered from Elbe and Kiel Canal in Cuxhaven
Germany, visualised data is shown in Figure 4.
This setup can be used for experimentation and
demonstration of new technologies. 
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Navibox It is a sensor data hub, that provides
navigational data for maritime surveillance. This
system provides WLAN, LAN, and Broadband
WAN communication capabilities. It also allows
modular setup based on need and minimum
setup of this system consists of AIS, Radar, and
wind sensor, it uses sensors which are sending
data with NMEA0183 or NMEA2000 and
Ethernet, and sensor which uses the same can be
attached to the system. An Industrial PC (IPC)
used for handling the sensor stream, processing
and for information distribution. Data
connections in the Navibox are shown in Figure
5.

Figure 5 Data connections in the Navibox

Figure 3 AIS real-time plausibility monitor

Figure 4 Screenshot of Radar and AIS Targets
from Cuxhaven

Mobile Bridge LABSKAUS provides a mobile
bridge, for bridge component testing including
HMI. This setup has three boxes, that contains
PCs and two multi-touch displays as shown in
figure 6, each of them can be connected to act as
an integrated ship bridge system. This system is
connected to eMIR components which provides
required navigational data such as GPS, Radar,
compass, AIS, and broad band communication
systems. It can be used in small spaces, for
example on the ship. This mobile bridge system
allows set up of an experimental bridge on board
without interfering with the vessels navigation
systems, as it is fed by the Navibox or can be
used with Haggis. The Mobile Bridge can be
operated with simulated data, then with real
data from the reference waterway and in the
end, it can be used on ship with the mobile 
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components of eMIR as one physical testbed. It is
focused on sensor and communication
infrastructure with HMI components with many
functionalities. This architecture of the eMIR aids
the integration of prototypes for present and
future maritime cyber-physical systems (CPS)
based on various regulations, requirements,
processes, and technical specifications, testbed
architecture of eMIR is shown in Figure 7.

2.4 Advanced Navigation Research Simulator
(ANRS) at the Centre of Excellence for Maritime
Safety (CEMS)

The Advanced Navigation Research Simulator at
Singapore Polytechnic’s Centre of Excellence for
Maritime Safety, developed in collaboration with
Singapore Maritime Academy and Kongsberg
Digital. This Simulator is used for research and
development of AI based assessment of trainee’s
performance, as well as applied the outcome of
the research to train seafarers [7]. ANRS includes
a Full Mission Ship handling Simulator (FMSS)
and Vessel Traffic Information System (VTIS) that
is powered by K-Sim simulation engine. It
simulates realistic shipboard conditions allowing
trainees to be trained and assessed. Full Mission
Ship handling Simulator, together with the
Vessel Traffic Information Systems, which consist

Figure 7 Testbed Architecture of eMIR

Figure 6 Front: Mobile Bridge; Back: visualisation
of the Maritime Traffic Simulation

Navibox for full integrated development of the
system.

VTS System It is an experimental mobile Vessel
Traffic Service (VTS) system, also stationed at the
Maritime Research Center in Elsfleth. The VTS
System represents the HMI components on land,
and it can be connected to the Reference
Waterway as well as to the virtual environment of
HAGGIS to represent such a system in the
testbed. It is used mainly for Human Machine
Interface research applications to improve the
current state-of-the-art designs and new e-
Navigation technologies. 

Interoperability Architecture of eMIR The testbed
interoperability architecture makes all

www.snames.org.sg41ST ANNUAL JOURNAL 2021/2022| 65    



www.snames.org.sgwww.snames.org.sg

deployed to other institutes. 

CEMS has demonstrated how AI is infused into
the ANRS platform that allows the team to
monitor the trainee’s performance for research
and development into human factors, with the
opportunity to tap on open software architecture
for development of research applications. CEMS
is in discussion with industry partners to explore
the opportunity to leverage on ANRS for
cybersecurity research and training.

2.5 Cyber Security Lab, ABB Marine and Ports

ABB Marine and Ports cyber security lab was
developed to help combat the growing cyber
threats in maritime industry. The lab features
software and hardware systems to manage cyber
risks of shipping companies, laboratory is
offering various cyber security services for
shipping industries at all stages of digitalisation
and meets various security requirements [8][9].

The services offered by this lab are, reference
architecture for network segmentation and
segregation, zone-based security policies,
network traffic monitoring, control systems
security log management, ABB AbilityTM Cyber
Security Services, which is a product and service
offering from ABB and major part of their cyber
security lab. It provides following solutions for
shipping industries.

Assessments This provides cyber risk
assessments to identify risks to maintain good
security posture. 

Security Controls Reference architecture to
apply industry best practices for network
segmentation and defense in depth on vessels,
that aligns with International Maritime
Organisation’s security requirements. Secure
remote access platform for secure, real-time
central monitoring and control. Security update
services, to keep systems onboard the vessel, up
to date with latest security updates. Portable 

Figure 8 ANRS Bridge Layout

of C-Scope software and C-Scope Management
Information system, can be monitored and
controlled through the K-Sim instructor station.

The Full Mission Ship handling Simulator
provides a 240° HFOV and is also scalable for
research and training. It uses Kongsberg KM18
bridge consoles that can be raised, lowered and
tilted to support both seated and standing
position for various training and research. From
the ergonomic and human factors perspective,
depending on the various types of vessels and
mission needs, both port and starboard consoles
can be configured accordingly. Full Mission Ship
handling Simulator layout is shown in Figure 8.

Port console consists of RADAR/ECDIS, K-Sim
Navigation Software Instrument Panels, Bow and
Stern Thruster Control, Engine Telegraph and
Auto Pilot Unit. Starboard console consists of
RADAR/ECDIS, Binocular View with joystick
control, Rudder control and VHF DSC radio. State
of the art sensors such as eye tracking glasses,
CCTV cameras and Electroencephalogram (EEG)
sensors have been used to collect data in ANRS.
This provides simulated training, coupled with
Artificial Intelligence that interprets intricate
data collected by those sensors. This also enables
research into human factors in handling of vessel
and maritime incidents and build AI based
competence assessment systems, which can be 
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Name of testbed Type Purpose Features

Simulator Centre,
Estonian Maritime
Academy

Simulator Training & education

The academy hosts a number of simulators
including Bridge simulators, refrigeration
simulator, engine room simulator, incident
response simulator and a dynamic positioning
centre. They also have their own virtual ports
and ships which provides a wider platform for
training and research

Cyber-SHIP lab,
University of
Plymouth

Hybrid
  Cybersecurity research
and development
  

The hybrid software & hardware lab comprises
of shipboard OT and IT systems and enables
researchers to carry out cyber experiments and
discover cyber vulnerabilities and develop
mitigation strategies

e-Maritime
Integrated
Reference
Platform (eMIR)

Simulator

Research, development,
verification, and
validation of new
maritime technologies

HAGGIS virtual navigation simulator,
Pseudolites based on ground signals, Reference
water way and navibox, includes AIS, Radar,
Broadband communication. Mobile Bridge, and
Vessel traffic service

Advanced
Navigation
Research
Simulator (ANRS)

Simulator

Training of  seafarers
and research and
development of AI
based assessment of
trainee’s  performance

Vessel navigation and bridge simulators and
eye tracking glasses, CCTV cameras and EEG
head band

ABB Cyber
Security Lab

Lab
Cyber security services
and management

ABB AbilityTM, Cyber security assessment and
security controls and solutions onboard the
vessel
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3. LIMITATIONS OF EXISTING
TESTBEDS 

From the review of the testbeds discussed above,
it can be seen that such testbeds are designed
for various purposes, including academic
research, education, testing, verification and
validation, training, cyber security as service, etc. 
A common denominator among the testbeds is
that they are mainly simulation-based, with 

Table 1 Summary of features of the existing maritime testbeds

media security to mitigate risk of USB usage in
ICS, advanced access management and cyber
asset inventory management onboard the vessel.

Along with these services the lab also provides
security operations, cyber security training,
consulting, and maintenance services.

A summary on the features of the testbeds
discussed above are given in Table 1.
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cybersecurity research in satellite
communications for the ship-shore interface and  
other crucial shipboard operational technology
systems. Also, a majority of them target safety, 

realistic shipboard systems kept to a minimum.
It is also apparent that most of these testbed
platforms focus on bridge navigation systems.
Thus, there is a lack of platform to conduct 

Table 2 Comparison of different types of testbeds (+ Pros, - Cons)

Simulator Digital Twin Physical Testbed Hybrid Testbed

Uses mathematical
models to model the
process behaviour
and may ignore  cyber
components.
  

A virtual environment,
that mimics every
step of a physical
process, and its cyber
components, with
high fidelity.

Scaled-down OT system
using the industry-grade
equipment and industry-
deployed protocols.
  

Combination of physical,
digital twin or simulator, with
majority of  physical systems,
which provides a variety of
use cases.
  

  + Useful for design of
new systems by
creating digital
models.
  + Easy to create and
implement.
  

  + Provides more
accurate behavior of
physical process or
system. Sensor  data
from components of
physical system can
be used to mimic a
physical  process.
  + Easy to duplicate,
better scalability.
  + Able to accelerate a
physical process, more
flexible for demo.
  + Allows simulation
of attacks that may be
too risky or simply
infeasible to perform
on physical systems.

  + Use of actual cyber,
and physical components
which provide the most
  realistic environment.
  + provides more
accurate models and
analysis of the process or
system
  + Provides better
understanding of impact
of various cyber-attacks
and  useful for
development, verification,
and validation cyber
defense solutions.
  

  + Use of combination
mathematical models, cyber,
and physical   components
provide more accurate
behavior of the process or
system.
  + Some functions of the
system are more scalable.
  + Good for cyber-attacks and
defense, allows execution of
realistic attacks that may be
too risky or simply infeasible
to perform on physical
systems.
  + Useful for design,
development, verification,
and validation new
technologies, especially cyber
security solutions.

  - Predefined system
behavior, a static
model of the system.
  - Does not reflect
accurate physical
process behaviors.
  - Does not allow
external inputs, need
to remodel with more
elements.
  - Not good for cyber-
attacks and defense.

  - May not be able to
fully mimic a physical
process.
  - May not accurately
reflect the impact of
cyber-attacks. 
  

  - Has physical
limitations, hard to be
duplicated and does not
scale
  well.
  - May not allow
execution severe cyber-
attacks which incurs
physical
  damage.
  

  - May not fully reflect the
behaviour of physical system
or process
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4.1 Scope of New Testbed
A new maritime testbed of shipboard OT
(MariOT) systems with ship-shore interfaces will
provide a safe and realistic platform for
cybersecurity research, training, exercise and
education. The use cases of the testbed include
cybersecurity researchers developing or
customising cybersecurity solutions for the cyber
protection of shipboard OT systems, as well as for
equipment manufacturers and commercial
vendors to test their shipboard OT systems. The
testbed can also be used as a platform to
strengthen cyber knowledge of ship personnel
such as port inspectors, OT specialists, crew
members, etc through cyber drills and training.
These use cases will also allow researchers to
conduct in-depth cyber experiments in a safe,
yet realistic environment.

security, development of new technologies and
training for seafarers, so there is very minimal
R&D being done in cybersecurity. 

In general, there are different classes and fidelity
of testbeds, such as simulator, digital twin,
physical and hybrid testbed, serving various
objectives and needs. Table 2 provides a
comparison among these different classes of
testbeds and their pros and cons.

4. A NEW TESTBED FOR MARITIME
CYBERSECURITY RESEARCH

This section discusses the features, capabilities
and components of a planned testbed for
maritime cybersecurity research.

Figure 9 MariOT Testbed Architecture
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  Cyber Security
  Research  

The testbed can be used to set up an environment to launch different cyber-attacks on
shipboard OT systems and examine the effect of those attack in real time. The attack
can be analysed and to create defence solutions.

  Maritime Safety
  Training

Since the platform involves physical shipboard OT systems, it will provide a realistic
environment for maritime safety training for seafarers and the ship crew members.

  Cyber Exercise
The testbed can be used to perform cybersecurity drills to test security measures taken,
response and recovery processes. Evaluation of emerging ICS Cybersecurity
technologies.

  Technology
  Validation

The testbed will provide environment to test and validate new technologies under
different conditions and provide more accurate picture of new technologies before
integrating the solutions.

Security Certification  
The testbed can be used by the classification societies to classify and certify the
cybersecurity level of vessels.  

  Risk Assessment
Stake holders and users can perform risk assessment to identify potential risks in OT
systems.

  Education
Insights and results obtained from the research conducted through the testbed can be
revised as a subject for academic curriculum. This will provide more awareness on this
topic and further help in experimenting innovative ideas. 
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shipboard OT systems, thereby strengthening
defence mechanisms and guiding mitigation
strategies. The architecture of the testbed is
shown in Figure 9.

To expand its capability and use case, the MariOT
testbed will be integrated with the software-
based bridge simulator ANRS, discussed in
Section 3.3. While MariOT’s focus is on maritime
cybersecurity, ANRS focuses on maritime safety.
Thus, the remote connection between MariOT
and ANRS simulator will allow data traffic under
cyber attack scenarios to be piped to the
simulator, thereby enhancing crew training.

The testbed is planned to be built as a hybrid
cyber-physical platform, comprising shipboard
OT systems that are commonly present in
merchant vessels such as container ships,
tankers and bulk carriers. These OT systems are
communication systems, navigation systems,
cargo management systems, and propulsion and
power management systems. The hybrid MariOT
testbed will comprise both physical systems and
virtual simulated models. The testbed will adopt
common industry standard protocols for
communication, such as NMEA, ModBus,
CANBus, industrial Ethernet, etc. Importantly, the
testbed will enable users to launch various cyber-
attacks to uncover new vulnerabilities in 

Table 3 Use cases of MariOT testbed
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3. Olev Tonismaa, Simulators, Estonian Maritime
Academy, https://taltech.ee/en/simulators

4. University of Plymouth, Cyber-SHIP lab,
https://www.plymouth.ac.uk/research/cyber-
ship-lab

5. Axel Hahn, Thoralf Noack, “eMaritime
Integrated Reference Platform”, 2016,
https://www.dglr.de/publikationen/2016/420297.
pdf

6. DLR Institute of System Engineering, eMIR – e-
Maritime Integrated Reference Platform,
https://www.dlr.de/se/en/desktopdefault.aspx/ta
bid-15539/25197_read-66209/

7. Singapore Polytechnic, “Commissioning of
Advanced Navigation Research Simulator
(ANRS)”, last modified October 13, 2021,     
https://industry.sp.edu.sg/cems/activities/commis
sioning-of-advanced-navigation-research-
simulator-anrs-in-may-2021/

8. Even Fladberg, “ABB opens lab for stress
testing of data security threats in shipping”, last
modified December 16, 2020, https://new-abb-
com.translate.goog/news/no/detail/72209/abb-
apner-lab-for-stresstest-av-datasikkerhetstrusler-
i-skipsfarten?
_x_tr_sl=no&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=
sc

9. ABB, “ABB Ability™ Cyber Security Services”,
2021, https://new.abb.com/marine/systems-and-
solutions/digital/abb-ability-cyber-security

10. Gabor Visky, Arturs Lavrenovs, Erwin Orye,
Dan Heering, Kimberly Tam, and Olaf M.
Maennel, Multi-Purpose Cyber Environment for
Maritime Sector,
https://pearl.plymouth.ac.uk/bitstream/handle/10
026.1/19056/Visky%2B079.pdf

11. IMO, Maritime cyber risk, 2017,
https://www.imo.org/en/OurWork/Security/Pages

4.2 Differentiating Factors of MariOT

While existing maritime testbeds do consist of
shipboard systems with simulation capabilities,
they are limited in the number of physical
systems, both in quantity and scale. The MariOT
testbed seeks to comprise and integrate four
crucial shipboard OT/IT systems (navigation
systems, communication systems, propulsion
and power generation/management systems
and cargo management systems) in a single
physical platform. In addition, the MariOT
testbed’s systems are industrial-grade, with a
high fidelity that closely mimic or are actual
shipboard OT systems used in vessels, and are
thus purpose fit for intensive research, training,
education, simulation and cyber exercises. 

5. CONCLUSIONS

The shipping industry is an attractive target for
cyber criminals as it plays crucial part global
supply chain. Because of this, there is a
compelling need for maritime cybersecurity
research as cyber threats can grind the supply
chain to a halt. This paper reviews the existing
maritime testbeds and discusses their gaps and
how the design of a new cyber-physical testbed
can aid in the research and development of
cyber security solutions for OT systems. 
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Abstract
The purpose of this technical paper is to highlight how the utilization of underwater Remotely Operated
Vehicles (ROV) to provide intra-port inspection services aids to reduce the time, cost, and hazards of
deploying human divers for inspections In addition, this paper highlights the rising prominence of
Underwater Inspection in Lieu of Dry-Docking (UWILD). Finally, the sharing of a conclusion on underwater
inspections adapting to the fast-moving times and technology capabilities available.

Keywords: ROV, Underwater Inspection, Ship hull 

1. Introduction

Vessels, both merchant and cargo, are elaborate
concoctions of machinery that require regular
certifications of seaworthiness and maintenance.
The SOLAS convention, which is adhered to
closely by the shipping industry dictates that hull
inspections are to be conducted twice every 5
years for merchant ships and yearly for passenger
vessels [1]. These inspections are necessary to
ensure the integrity of the ship hull and are
normally conducted with the vessel being dry
docked, with the recent inclusion of Underwater
Inspection In Lieu of Drydocking. 

The above-mentioned is pertaining to the aspect
of routine scheduled inspections. The more
pressing aspect would be the non-routine
inspections required to assess possible damages
to the ship hull or mechanical troubles
pertaining to the steering or propulsion systems
that are in contact with the water.

Another considerable push factor in conducting 

Greener, Safer, Smarter. Why ROV
services are the way to go 
GAUTHAMAN P M 

SecuriState Pte. Ltd, Tel: +65 82010715,gautham@securistate.com.sg
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an in-water survey would be to assess the level of
biofouling on the ship hull.

Both routine and non-routine inspections require
large amounts of money, time and have a certain
level of risk to the conduct of operations using
divers. 

A solution to effectively tackle these unnecessary
drawbacks would be the introduction of
Underwater Remotely Operated Vehicles (ROV)
to conduct the inspections. These ROVs are
technological marvels that remove the human
in-water risk, reduce operational cost, manpower
requirements whilst providing a HD and stable
video feed to the topside control with complete
communication freedom between the ROV
operator and ROV. Most importantly, the
deployment of ROVs is directly linked to
improving the level of service rendered to clients.

2. ROVs and their usages

ROVs are most associated with deep-sea 
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exploration, cable laying, oil rig inspection, and
repair works. Those ROVs mostly belong to the
work, observation/inspection, and mini ROV
classes.

specific and demanding tasks, such as welding,
repairs, etc. [2]. 

Figure 2 depicts an inspection/observational
class ROV which is relatively small as compared
to Work Class ROVs and weighs easily from 30 –
120 kg. This weight allows for a team of men to
manually deploy the ROV, instead of utilizing a
winch system. Contrary to their size, they are
workhorses and though not as many as the big
brother class, they support a few attachments
such as cleaning hoses, latching tools, and
advanced imaging systems [3]

For many years, the smallest class of ROVs, mini,
has been a subject matter closely related to
recreation, photography, and non-commercial
usage. But there have been technological strides
in the past decade that has put these mini ROVs
in the spotlight and driver seat for shallow water
<50m inspections that divers are accustomed to
performing.

These Mini ROVs can come equipped with state-
of-the-art robotic attachments such as grabber
arms, sonar ranging kits, Infrared lasers for
distance measurement, ultra-short baseline
acoustic positioning systems, and Ultra High-
Definition cameras, with real-time video feed
and recording. 

www.snames.org.sgwww.snames.org.sg

As seen in Figure 1, the ROV is much larger than a
man and can only be deployed via lifting
machinery. The size and complexity of the
technology allow the work class ROV to work at
sea-bed depths designed with the ability to work
at high-pressure depths and with various robotic
attachments that allow them to carry out highly 

Figure 1 Work Class ROV

Figure 2 Inspection/observational class ROV

Figure 3 Mini ROV with multiple attachments      
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3. Benefits of using ROVs

1. For most organizations and people, ROVs bring
the thought of high costs into mind. But in the
aspect of Mini-ROVs and inspections, the overall
cost of operations is a fraction of traditional
diving operations [4]. 

2. Manpower requirement is another factor that
distinguishes ROV operations from traditional
diving operations. Diving operations require a
team of divers, a dive supervisor, and a standby
diver in the event of an emergency. Not to
mention the need for a dive boat/platform where
additional manpower may be required. All of
those equate to additional overhead costs.

3. The logistical cost of Mini ROV inspections is a
fraction of what it would cost for diving
operations. A typical Mini ROV set-up would
consist of three major components, namely the
ROV, the Tether management system and the
Shore control system.

4. Safety is always a concern when dealing with
divers and there is no way to eliminate or
drastically reduce the risks pertaining to diving.
ROVs come into play to remove the risks faced
by divers. But ROVs do not necessarily equate to
the replacement for divers, but instead, they can
augment to reduce risks imposed on divers. For
example, the ROV can be deployed for the initial
In-Water Survey to obtain images and footage of
the object of interest before the dive team goes
down to rectify the issue, thus reducing the
amount of dive time needed to complete the job
[5].

5. Ease of communication and a smooth video
feed is the winner for ROV operations. ROV
operators will be guided by SMEs for the ship
hull inspection on points of interest with a clear
video recording augmented by bright lighting
and precise movements. 

6. Reductions of in-port diving restrictions is
always a breeze of fresh air for ship owners and
port authorities. Utilizing an ROV reduces the
administrative requirements needed prior to the
(UWILD) ship hull inspection

7. Deploying a dive team for ship hull inspection
requires a dive boat in most cases and this
equates to fuel being burnt throughout the
operation. In retrospect, a mini ROV can be
deployed from the wharf or the vessel itself,
which would be more eco-friendly or in short,
‘greener’.

4. Applications of ROVs 

There are multiple uses for the ROV.

Ship hull inspections, pile inspections, seabed
searches, ship hull thickness inspections, and
sediment sampling are just some of the many
usages of the ROVs. The ROVs can essentially
operate 24/7 if powered via a surface supply
which extends the possibilities in the realms of
ROV diving operations. 

Another critical application of ROVs would be
object search and recovery, more specifically,
drown victims. The augmentation of Multibeam
sonars on the ROVs allows the operators to see in
zero visibility, though the range is not as great as
a side scan sonar, it surpasses any divers’
capability in the realm of drown body recovery
operations at deep depths. Figure 4 depicts the
Multibeam sonar image from an ROV.
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5. Conclusion 

Mini ROVs are the future of diving operations.
Extreme maneuverability, incredibly low cost,
minimal logistics, administrative cost and
manpower, microscopic risk levels, stable video
footage with full control of the viewfinder, and
sonar capabilities. It is a surprise that Mini ROVs
are not widely used in a multitude of arrays. But
of course, whilst not discrediting the dexterity
and control that only divers can bring to the
table of diving operations, these machines are
here to augment the outstanding jobs that divers
do and most importantly reduce the
unnecessary risk imposed by diving operations
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Figure 4 Pile Inspection      

Figure 5 Ship hull inspection  

Figure 6 Multibeam sonar on ROV 
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Abstract
The maritime industry is critical to this planet and ensuring that operations at sea continue safely takes a
determined effort. The implementation of maritime security requires knowledge going hand in hand with
vigilance and the key is to enhance security enforcement without slowing down the timely flow of
international commerce.

Areas of focus
·      What Is Maritime Security?
·      Common Security Issues
·      Security Tactics
·      Future Security Threats in the Maritime Industry
·      Security Training Options

Maritime security is a specialized field in the marine sector, and safety officers must employ best practices to
defend their vessels against both internal and external threats. These threats come in various forms, and
each requires a different strategy for a proper defense. Security risks are not always malicious but
maintaining vessel safety is a constant priority.
In this guide to maritime security, we will take you through some of the common threats to operations, how
modern officers deal with these threats, and what the future for marine security could look like.

1. What Is Maritime Security?

Maritime security is a general term for the
protection of vessels both internally and
externally. The areas from which ships and
maritime operations need protecting include
terrorism, piracy, robbery, illegal trafficking of
goods and people, illegal fishing, and pollution.

Through supervision, inspection and initiative-
taking procedures, the marine industry does its
best to minimize threats to maritime security,
both malicious and accidental. And as the  

Maritime Security and Safety -
Current and Future 
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industry evolves and the marine sector grows,
vigilance, enforcement, and training will have to
keep up with technology and increased
opportunities for threats. 

Since 9/11, there has been an increased focus on
protecting the marine sector from terrorism and
other similar attacks, both in port and at sea.
Several state and international organizations
have formed to help set standards for bettering
maritime security. Since the marine sector is so
vast and the massive amount of goods entering
the country is difficult to screen, every precaution
possible to minimize malicious exploitation is
critical.

Security is not only the job of vessel security and
safety officers but the job of the crew, which is
why it is so crucial for companies to educate and
train their employees, so their vessels have a
better chance of stopping security threats.

marine company and can result in the loss of
lives, severe environmental damage, or harm to
company property.

Here are a few of these types of risks.
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2. Common Security Issues

In today’s marine industry, ensuring security
compliance is a complex task, as there is much
to look over and many ways a security breach
can happen.

Security officers not only need to be vigilant to
prevent attempts to undermine the nation’s laws
and security, but they also need to know how to
be vigilant against local and internal threats.
Small-scale attacks can still be harmful to a  

2.1 Robbery and Theft

When transporting valuable goods and
resources, there are sometimes attempts at the
local level to steal these goods from vessels.
Security officers need to be vigilant for this
reason both in port and at sea, to make sure
valuable and sensitive cargo is secure.

A total of eighty-two incidents of armed robbery
against ships (comprising seventy-seven actual
incidents and five attempted incidents) were
reported in Asia in 2021. The situation in 2021 has
improved compared to 2020. There was a 15%
decrease in the total number of incidents, and a
19% decrease in the actual number of incidents
in 2021 compared to 2020. In 2020, 97 incidents
(comprising ninety-five actual incidents and two
attempted incidents) were reported. All the
incidents reported in 2021 were armed robberies
against ships [1].

2.2 Trespassing

Security officers must make sure that when their
vessel is in port, no unauthorized personnel
come aboard and tamper with sensitive
equipment. Even if the documented crew 
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members conduct vessel operations correctly, a
trespasser can tamper with cargo rigging and
other sensitive gear, which can lead to severe
consequences at sea.

Large-scale security measures concern things
that can happen on an international scale,
usually as the result of more malicious
operations than individual crimes, like terrorism,
environmental crimes, smuggling, and
trafficking.
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2.3 Terrorist Threats

Modern advances in telecommunications and
international commercial logistics have
increased the range and avenues open to
terrorists. Criminals sometimes attempt to use
marine shipping channels to transport
dangerous weapons and materials.

Terrorists use transportation avenues because 

they can move goods and even people to
advance their cause, and the marine shipping
industry is a prime target. They use shipping
industries in attempts to damage global,
political, and economic security, as well as the
safety of citizens. Security officers must be
vigilant and knowledgeable about the pathways
terrorists can use to attack.

Since the maritime shipping sector is by nature
an international business, marine professionals
must do everything they can to protect their
vessels and country from these kinds of threats.

2.4 Illegal MaritimeTrade

A side effect of increasing maritime trade and
economic globalization is that it will facilitate
the expansion of transnational crime. Trafficking
in drugs, arms and people is already big business,
and maritime shipping is a crucial method of
transport.

International crimes will not disappear anytime
soon, and maritime security must help minimize
their spread. The more illegal cargo the shipping
industry can stop at the source, the less damage
the shipment will do once it reaches its
destination — by keeping the unlawful products
and weapons out of the hands of criminals.

With every shipping vessel carrying hundreds of
large containers, it is difficult for security to
check each one thoroughly. Criminals know this 
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and use it to their advantage.

Smuggling networks will attempt to get around
security measures and the shipping industry
because its vastness and scale make it an easy
target.

Smuggling is not exclusive to the shipping
industry, as criminals will sometimes attempt to
use other types of vessels to get their contraband
past international borders.

Just as the oceans are the highways by which we
transport a considerable number of goods, they
are also the highways for the import and export
of illegal items. Organized and international
crime organizations use the shippingindustry to
transportlarge masses of their product, as we can
see when we look at themany large-scale drug
busts throughout the years. Not only do they
smuggle drugs, but they may also smuggle
firearmsand other illegal technology that fetches
a high price on the illegalmarket [2].
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3. Piracy

Piracy and armed robbery at sea continue to be
headline concerns in 2021. The IMB Piracy
Reporting Centre received 132 incidents of piracy
and armed robbery against ships in 2021.
Incidents include 115 vessels boarded, eleven
attempted attacks, five vessels fired upon, and
one vessel hijacked. Every incident reported is a
blow to the confidence of seafarers serving on 

Conduct a voyage-specific threat and risk
assessment prior to entering the region, and
review the Ship’s Security Plan.

board ships around the world.

The International Maritime Bureau estimates
that maritime piracy costs US$16 billion a year in
economic losses due to theft, ransoms, transport
delays, increased insurance costs, and anti-piracy
protection.

International organizations have long argued
that poverty and unemployment in coastal
communities are underlying causes of piracy.
Others are skeptical that problems facing local
fisheries are connected to piracy, based on
reports that pirates are members of inland
nomadic clans or criminal gangs.

Ample training and experience in maritime
security can help crew members prepare for and
deal with a piracy attack safely [3].

The fundamental requirements of any best
practice to avoid attacks on pirates and armed
robbers are:

3.1 Understand the threat

Gather accurate information on the situation
before operating in waters where attacks have
been known to occur.

3.2 Closely monitor the threat situation

via websites of the IMO and International
Maritime Bureau’s Piracy Reporting Centre (IMB
PRC), and stay in close contact with the ship’s
local agents and regional authorities to obtain
the most up-to-date and reliable information
available at any given time.

3.3 Assess the risk and determine the ship
protection measures to apply.
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Adopt relevant ship protection measures
(SPM) by following available industry best
practice guidance, such as the BMPs or any of
the regional initiatives which provide more
detailed guidance specific to the threat in
that particular region.

Brief the crew on the security arrangements
identified in the Ship Security Plan.
Conduct drills prior to arriving in an area of
increased risk. Most attempted piracy and
armed robbery attacks are unsuccessful,
countered by ships’ crew who have planned
and trained in advance.

3.4 Prepare the crew
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4. Human Trafficking

Human trafficking is another one of the key
issues that face international marine security.
Illegal migration has been present in the
maritime sector for a long time — whether it is
people escaping political unrest or unwilling
people being trafficked. It is difficult for the
marine industry to catch all the illegal
immigrants, but proper marine security
techniques help minimize the problem [4].
 

5. Future Security Threats in the
Maritime Industry

The maritime industry is undeniably evolving.
And with increased operations automated and
technology improving, security will inevitably
change too.

These improvements and advances are
addressing the problem of visibility in the supply
chain. Now, there are points in the shipping
process where criminals can infiltrate and
exploit. But as technology and screening
processes advance, security officers will only be
able to identify these weak spots better and
ensure security for their vessels.
With these changes and updates to the maritime
industry, security officers will have to adapt as
well — especially in the field of cybersecurity.

Cybersecurity at sea means protecting the
valuable data a company holds that criminals
can exploit — including cargo information and
employee details. Cybercriminals can also hack
the electronic systems that control vessels, which
can result in severe and costly ramifications.
As technology evolves, maritime security and
protocols will need to change too, along with the
development of the requisite legal framework to
support new shipping methods. 
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One example of technological evolution within
the maritime industry is the push toward
completely automated shipping vessels. A vessel
without crew members, if perfected, would be
much more cost-efficient for shipping
companies, and potentially more resistant to
security threats [5].

6. CONCLUSION

Awareness of the potential risks and being ready
to deal with them are the most important
precautions taken when entering an area with an
increased security threat. Ensuring that any
potential security threats are assessed using
reliable intelligence is essential for the crew to be
able to correctly interpret the threat and to
enable them to implement efficient mitigation
measures.

The ship’s SSP and industry best practices, such
as the BMPs, should be used to guide the crew
and help them improve the security of the ship,
when necessary. These should be accompanied
by sufficient onboard training and drills so that
the crew can understand how to efficiently
implement the security precautions and
incorporate the necessary routines in case of an
actual security incident.
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1. Introduction

Weight and Cost Management in Marine and
Offshore Industry - “Analysis” (v1), the title v1
represents as version 1, subsequent journals v2,
v3… will be published with reference to the type
of vessels and subgroups such as New build, 

Topside modules, Jack-up Rig, Semi-Submersible
Rig, LNG, etc. There are so many methods and 
 types to analysis weight and cost, this article v1
refers to the FPSO (Floating Production Storage-
& Offloading) conversion vessel, refers to marine
conversion weight and cost. Weight and Cost
Control in Marine and Offshore Industry plays a
vital role in the successful completion of 

Abstract
Weight and Cost Management in Marine and Offshore Industry are vital for successful completion of project
while adhering to the schedule and budget. This article will analyze the weight and costing of the marine
and offshore vessels in shipbuilding industry and focus on ways to improve them. Also highlight the missing
gap between the procedures implemented by few shipyards and the correct procedures. There are few
shipyards which have successfully implemented and achieved the results. The need for the cost and weight
management in current market is growing day by day. When the oil prices are down, the stress is on
Shipyards to capture the market, which results in low construction bids. These lower bids don’t give us any
room for error, finally ending up in the losses if we do the things in the way have been doing all along. If we
want to capture the market and continue with Profits, we need to have a tighter leash on Weight and Cost.
Do we have the Industry Policies or Strategies to cope with this new wave? There are unseen costs which
will make the bidding cost lower than the construction costs, why so?. In the bidding phase why don’t we
consider these hidden costs and what are these costs includes? How to control them? These are few
questions this article will address. The Article will discuss and analyze on how to control the weight and cost
from FEED to Construction phase. There are many appropriate ways to manage the weights and cost, which
are part of the hidden costs. This article focuses on the various theoretical and practical methods of
managing it. Managing weight and cost can be deemed successful only if it yields favorable results in both
technical and commercial fields not only in the theoretical sense but also while practically implementing it.
The content of the paper is based on the results of experienced projects aimed at improving managing
weight and cost for the Marine and Offshore industry.
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construction of shipping and offshore projects.
Weight is the key factor in maintaining
Deadweight, Stability, Speed, Sea Keeping, 
 Strength, Operational and Maintenance costs. To
ensure and maintain these parameters, a reliable
estimation of weight and cost in the early design
stage is extremely crucial. Estimation is the
keyword. However, after estimation in most of
the projects during the implementation stage,
the weight and cost control are not monitored
through proper procedures. Because of that,
even with continuous checking, many projects
face weight control problems and exceed the
cost at the time of completion. The weight and
Cost control process should be the main focus
point in all shipyards, which has to be followed
through from early conceptual design and all the
way throughout EPC. Weight control processes
and cost estimations are summarized differently
in the industry but are not fully documented.
Most of the shipbuilding industries developed
weight control plans and procedures. However,
the specific basics of the contractual
requirements and commitments are missing or
not being updated according to changing times. 

2. Importance of Weight and Cost
Control in the Marine and Offshore
Industry

The weight and cost estimation has always been
a bottleneck for the success of the project in the
marine and offshore industry. There have been
many instances where the actual weight of the
vessel has surpassed the estimated weight
leading to the imposition of a fine or rejection of
the project by the client, that in turn results in
losses to the shipyards and also ship owners,
which has a negative effect on the market. The
ships and offshore vessels are built to transport
goods; the faster they move, the quicker we get
the returns on the investment leading to profits
nd market enhancement. The shipping industry
uses steel mainly for all its shipbuilding  

a requirements. Apart from having advantages
like strength and costs, steel has considerable
weight. The weight of a ship and offshore vessels
defines its speed and payload weight. estimation
methods help us in estimating of the
construction cost of the vessel. Though we have
previous actual values of the equipment and
components, the estimation of the weight will
always have a certain difference from the real
weight. With the design maturity, more real-time
information is provided, and the difference
between the actual weight and estimated
weight gets reduced. At every stage of the
project's progress, the weight estimation
deviation values vary. These values also depend
on the project and shipyard building them. The
level of weight estimation accuracy depends on
the risk profile implemented. The weight
estimation starts in the bidding and FEED stages,
but at this stage, the estimation is very basic as it
is based on the bidding phase specification. The
weight at this stage is estimated by ignoring the
practical overloads of the design to impress the
clients, which puts a lot of pressure on the
shipbuilders and designers who are expected to
maintain this basic weight. In the marine and
offshore industry, owners are requesting for new
trends such as larger and more integrated decks,
which poses unique challenges since limits exist
on lifting capacity and new structures need more
weight to accommodate the new features. The
structural considerations also limit the weight
allowed for modifications to existing structures
and upgrades. These are a few factors. Any new
improvement or addition directly impacts the
weight which in turn increases the cost of
construction. In short, we can say that weight is
directly proportional to cost in the marine and
offshore industry; hence this is one of the driving
factors in this industry. The cost will increase for
reducing the weight to avoid the overshooting of
the estimated weight.
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3. Weight and Cost Estimation in the Marine
and Offshore Industry Practice

During FEED stage, consultants will work on
weight and cost estimation based on the ship
owner’s proposal specification. Due to lack of
time during FEED stage, the consultant will
estimate the basic weights which do not
consider the detailed design and requirement for
accuracy. Ship owners and consultants have
limited time while bidding to come up with a
good estimated weight and cost. The
consultants, who are Naval architects, commonly
lack feedback on the weight and cost impact
due to their technical decisions.

Weight estimations are based on historical
weight data from past previous vessels, different
weight estimation theories like Henschlde’s
Method (1965) (for outfit mass weight
estimation), Watson & Gilfillan, Scheekluth
Method (for Machinery Weight estimation),
Watson’s Method, Harvald and Juncher Jensen
Method (DTU) (for Steel Mass Estimation) are
implemented while calculations. The formulas
used during FEED are depending on the naval
architecture point of view. The total ship weight
estimation depends on the formula used. As
these formulas are devised at a different genre of
shipbuilding it has difficult to apply the same
weight to new age ship designs. Without proper
feedback from the design team, the naval
architect team cannot predict the overloads
occurring in the practical implementation.
Communication is another important factor in
the estimation. The safety considerations, change 

in technology, more rules and regulations from
classification societies add up the weight and
cost in the current marine and offshore industry
which are not considered when these formulas
were devised. Due to this miscalculation right at
the initial stage, the weight and cost estimation
of the vessels starts with a lot of deficit. Every
project has an existing weight control process in
shipyards, but while implementing these, the
shipyards lack the visual aspects of the practical
approach, follow-up, and review. Yards should
understand the actual requirements and
considerations of weight control reports in the
early design stage of the marine and offshore
projects.

Figure 1 Assessment of Weight and Cost
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Figure 2 Concept of weight control in FPSO plant
design

4. Concerns of FPSO's Design in Weight
Control

FPSO’s are designed to carry the payload of
topsides equipment, cargo, and consumables.
The hull should have sufficient buoyancy,
hydrostatic stability, and longitudinal strength to
perform this. Excess weight is excess cost and
failure; this can affect the schedule. It is noted
that FPSO is less sensitive to extra weight than
semi-submersibles. This is true in the case of
FPSO with large simple fields with big volume
hulls and small top sides but currently, smaller
FPSO designs are implemented on marginal
fields and complex top side requirements.
Hence, the topsides weight again plays an
important part. It is to be noted that in spite
having new materials with capability to produce 
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6. Importance of Selection of Material
During Detail Engineering

Selection of material sizes during detail
engineering will help to reduce weight and cost.
The below examples shows the variation of
structural weights and cost due to the
implementation of material size one size higher
than the minimum requirement, Same will be
applicable for other disciplines such as Piping,
Electrical & Instrumentation, and HVAC (Heating,
Ventilation, and Air Conditioning).
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lighter topside packages we are not able to be
do so, the reason being desire for less congested
layouts and additional safety requirements due
to blast and so on, or it can be that we are still
using the conservative approaches to corrosion
margins and excess capacity.

5. Project Execution Models in Different
Yards
 
Managing weight and cost also depends on the
project execution model in the yard. There are
two methods of project execution models in the
Marine and offshore industry i.e. Linear Project
Execution Model and the Integrated Project
Execution Model. The linear project execution
model is that the fabrication and installation
works will start only after the completion of
detail engineering whereas the Integrated
project execution model is that the detail
engineering and Fabrication works will start
parallelly to reduce the overall project delivery
schedule. The main difference between linear
and integrated project execution models is the
amount of information required to proceed to
the next phase of engineering and what
information is important to have at each phase.
A high level of accuracy in weight control can be
viewed in an integrated project execution model
but it has the possibility of higher risks due to the
lack of information such as incomplete detailed
drawings and equipment vendors' data.

Figure 3 Linear Project Execution Model

Figure 4 Integrated Project Execution Model

Figure 5 Selection of Structural I-beam Size

Figure 6 Selection of Structural Channel Size 
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7. FPSO’S Conversion Marine FEED VS
As-built Weight and Cost Analysis

The current trend of calculating total theoretical
weight during FEED is an additional 20% of the
calculated weight in each discipline as a
contingency. But practically total weight
distribution for each discipline is different in the
FEED and As-built stages. Table 1. shows the
FPSO conversion vessel marine total weight
distribution in % approximately based on past
project data.

Figure 8 FEED Total Weight Distribution

Figure 9 As-Built Total Weight Distribution

Figure 7 Selection of Structural T Size

Table 1 Total Weight Distribution during As-built
& FEED stage

From past project data analysis of FEED and As-
built total weight distribution, weight
contingencies for each discipline are not the
same but approximately range from 25 to 30%
for structure, outfitting, piping, equipment’s, 30
to 35% for electrical, and 20 to 25% for HVAC and
Architecture. Based on this each discipline
contingency has to be proportioned based on
weight distribution percentages. 

Figure 10 Total weight contingency ranges in %

Table 2, Figure 11 & 12 shows the FPSO conversion
vessel marine contract cost and final contract
cost distribution from past project data. The data
analysis shows the increase in cost in each
discipline such as General Service, Structure,
Outfitting & HVAC, Corrosion protection, Piping,
Electrical & Instrumentation, and Equipment. 
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The ranges of increase are shown in Figure11. in
%. Basically, General service costs will depend on
the project schedule, and delay in the project will
increase the cost of project management and
other general service yard supplies. Other
disciplines like structure, piping, electrical &
instrumentation, equipment, and site
instructions cost will depend on design &
engineering changes, lack of resources, delay in
equipment supplies, and unplanned sequence of
works. In the marine industry, most of the heavy
load is on hidden costs. Hidden costs are
unforeseen costs due to technical,
environmental, or human resource issues like
changes in drawings, underestimation of
specifications and capacities due to lack of info
during the bidding stage, site instructions and
modifications, carryover works, unexpected
additional safety requirements, repainting and
burn mark painting including power tooling,
additional scaffolding due to reworks. These
costs also can be catered for and controlled by
reviewing the project execution from time to
time. 

Table 2 Total cost distribution for contract & final
cost

Figure 11  Contract cost distribution in % 

Figure 12  Final cost distribution in % 

Figure 13  Final Cost additional cost distribution
ranges in %
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The above data is analyzed based on multiple
projects from different countries' construction
yards which were constructed in the year 2009
to 2021. From the data, we can see an increase in
total weight and cost from FEED to delivery.
There are a lot of possibilities to reduce weight
and cost, but in certain cases reducing weight
will increase the cost. Weight and Cost are two
different parts, they can be directly or inversely
proportional to each other depending on the
project execution model. Several relevant
analytical and logical methods are available for
weight and cost analysis but techniques of
selecting the right method with less risk are
important and depended on a satisfactory level
of safety. Many experts have presented seminars
and interviews about the ways of reducing FPSO
construction costs and what’s happening in the
world’s shipyards. Most of the yards are caught in
the trap of underestimating, overdesigning,
advanced safety requirements, and dependency
on suppliers which will result in higher
construction costs.

Ref: The FPSO Cost Discussion By William Stoichevski
https://magazines.marinelink.com/Magazines/Maritim
eReporter/201508/content/fpso-cost-discussion-
496881

Review of weight estimations during bithe
dding stage and references
Contribution and coordination of engineering
disciplines
Understanding of basic design requirements
and operations suitability.

Finally, while bidding on the construction cost,
yards have to review the requirements with
knowledge of engineering, procurement, and
fabrications strategy. So that yards can maintain
the bidding cost as competitive and avoid
hidden costs. Yards must work with consultants
for detail engineering to maintain the weights
and cost within the limits. Consistently review
the basis of estimations with supporting
documents and personnel at every stage of the
project execution.

8. CONCLUSIONS AND FUTURE WORK

Weight and Cost analysis are demonstrated in
many publications and many studies have been
carried out to reduce and control weight and
cost. Depending on the construction yards'
locations, estimates will be varied, but basic
principles remain the same. It is known that
there is a larger possibility of reducing weight
and cost in construction yards by following key
concepts and principles which are known and
practical.

For controlling weight and cost, the basis of
estimation is to be approved with supporting
documents and personnel. The Communication
should freely flow from estimator to executor. If
we have to list important inputs for estimation,
they will be the Project scope of work, Execution
plan, and Methodologies such as quantity & cost
basis, clarifications, qualifications, and
assumptions, exclusions and exceptions, risk
analysis, and supporting documents.
To highlight areas of focus to reduce and control
weight in marine and offshore projects, they can
be listed below:
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not only in the theoretical sense but also while
practically implementing it.
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Evaluation of unexpected weights due to
design changes, fabrication, and installation
errors
Review of workflow to control weight
Monitor major package equipment weights
Setup weight estimation database
Contribution of project experiences people
with engineering disciplines

Describe the contracting strategy including
work schedules, overtime, and any
allowances
Labour resources
Procurement strategy
Fabrication strategy 
Modularization strategy
Describe all project breakdown schedules
Schedule alignment including cost impacts
due to weather, operation outages, tie-ins,
work week and overtime, and any regulatory
or environmental issues
Review of maturity of engineering drawings
for procurement and construction
Construction strategy:

 Fabrication and installation in yard
workshop
Fabrication in yard workshop and
installation onboard
Fabrication and installation onboard
Fabrication out of the yard and
installation in the yard

Points to be considered for project cost
estimation:

a.

b.

c.
d.

Future research will result in optimizing the key
data and info from various projects which can
lead to more weight and cost savings. Further
research is needed to reveal the data in more
areas that include detailing of weight savings in
materials and cost savings in design changes,
labor, and reworks,

Managing weight and cost in the yards can be
deemed successful only if it yields favorable
results in both technical and commercial fields 
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1. Introduction

Already burdened with a reputation for lack of
transparency, shipping’s sector-specific
terminology often creates an additional barrier
to engagement. As an industry, specialized
language, acronyms, and abbreviations can be so
pervasive that new employees entering the 

professions sometimes absorb terms into usage
without being able to explain their meaning, let
alone their derivation.

Citing its responsibility for carrying 90% of world
trade, shipping often complains that its voice is
not heard, or that public attention only comes its
way ‘when things go wrong’. Whether or not this 
 

Abstract
The IMO Conventions which provide the safe operating framework for the entire shipping industry have
been developed over many years and amendments to accommodate autonomous ship operations demand
painstaking work. Experts in digital technologies and seafarer welfare groups suggest that shipping should
therefore establish not only priorities but a series of waypoints on its voyage towards autonomy, to support
efficient and safe ship operation in the near-term.

Most seafarers already work in conditions that would not be admissible in land-based industries. These
include seven-day working and long tours of duty which, in recent months, have often exceeded the 11-
month maximum laid down by the UN agency, International Labour Organization. On board ships, seagoing
personnel live and work in the same place, have irregular sleep patterns and are regularly subjected to the
extremes of the weather. 

There are many opportunities for digital developments and autonomy to ease the workload that seafarers
face. As regulations continue to tighten – on fuel quality, monitoring, reporting, verification (MRV), ballast
water system compliance, scrubber data, just-in-time arrival information and so on - the administrative
burden on seagoing staff could become overwhelming. 

In some of these areas, digital technologies are already supporting routine requirements from ships. Real-
time connectivity and advanced satellite communications have enabled a small number of advanced ships
to become an extension of the shoreside operation, rather than an independent entity which is out of touch
for prolonged periods. 

Easing the administrative and compliance burdens of seagoing personnel would make an enormous
difference to their working lives. Less time spent on mundane tasks could mean more reasonable working
hours, more time for social intercourse, and more humane conditions. 

Autonomous Ships - Terms of
Reference for Rule Development
Capt. Eero Lehtovaara, Chairman, One Sea
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Owners and operators: to have a collective
understanding of what is available and what
they want, based on an accepted hierarchy of
autonomous ship capabilities
Designers, suppliers, etc: to offer
solutions/products to market based on
collective understanding of
terms/capabilities. 
Regulators: To be able to define rules,
regulations and certification that fit the task
at hand 
Infrastructure providers: to be able to provide
suitable infrastructure solutions.

is so, to merit a fair hearing, the shipping industry
itself must take responsibility for speaking in
clear terms. 

Few issues in shipping’s recent past have
generated such an urgent need for clarity as the
autonomous ship. Driven by rapid progress in
technology, autonomous ship technology has
required immediate regulatory attention, even
before the stakeholders have agreed to common
terms of reference.

The increasing use of autonomous ship
technologies and the prospect of supporting
functionality ashore - including elements of
control - has far-reaching consequences for
operating ships, but also for surrounding ships,
insurers, and the wider public. 

In May 2021, an International Maritime
Organization intercessional working group
submitted its ‘regulatory scoping exercise’ report
to the Maritime Safety Committee. While
progressive, the report also distilled the scale of
the task ahead. It highlighted how much the
maritime safety regulations are based on the
human presence onboard. In addition, the RSE
pointed out that the definitions for the “degrees”
of autonomous ship operation have not been
agreed upon, causing trouble for the
development of new safety rules. 

Who needs definitions*?

For the assurance bodies: to reduce the need
to evaluate every system from the start and
base acceptance on already preformed
acceptances
Other maritime users and the general public:
to understand what is going on in line with
industry goals on transparency

2. Automotive precedents

Accepted practice defines levels of automation
in relation to system or operational function.
Therefore, while set-ups are different for vehicles
operating on land and sea, the Society of
Automotive Engineers’ J3016 Recommended
Practice: Taxonomy and Definitions for Terms
Related to Driving Automation Systems for On-
Road Motor Vehicles provides extensive food for
thought. 

SAE offers an industry-standard scale from zero
to five to describe this continuum, commonly
referenced as the SAE Levels of Driving
Automation. The accepted explanations of SAE
levels of driving automation are summarised as
follows:

Level 0: No Automation. The driver is completely
responsible for controlling the vehicle,
performing all steering, braking, accelerating,
etc., but additional safety features can be
incorporated as backup. These may include
cameras, collision warnings and even automatic
emergency braking that is applied in the event of
an imminent collision.

Level 1: Driver Assistance. Automated systems
take over aspects of control in specific situations,
but do not take full control of the vehicle. An
example is adaptive cruise control, which
controls acceleration and braking on the
highway, meaning drivers can take their feet off
the pedals.

Level 2: Partial Automation. At this level, the 
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vehicle can perform more complex functions
that pair lateral control (steering) with
longitudinal control (acceleration and braking,
thanks to a greater awareness of its
surroundings. 

Level 3: Conditional Automation. At Level 3,
drivers can disengage from the act of driving in
specific situations and focus on other tasks.
Nevertheless, the driver is expected to take over
when the system requests it. In this case, the
vehicle would also monitor whether driver has
resumed control, and come to a safe stop, if this
is not the case. 

Level 4: High Automation. The vehicle’s
autonomous driving system is fully capable of
monitoring the driving environment and
handling all driving functions for routine routes
and conditions defined within its operational
design domain. The vehicle alerts the driver
when it is reaching its operational limits in
conditions that require human in control. 

Level 5: Full Automation. Level 5-capable
vehicles are considered fully autonomous. No
driver is required behind the wheel at all. In fact,
Level 5 vehicles might not even have a steering
wheel or pedals. 

The explanations as such have received criticism
for being too vague in some respects. In May
2021, SAE International and the International
Organization for Standardization (ISO) jointly
released a significant update, which included
clarification of Levels 0-2 as “driver support
features” because the driver is still heavily
involved with vehicle operation, with Levels 3-5
distinguished as “automated driving features”.

3. Maritime equivalence?

3.1  IMO considerations

IMO initially derived a conception of four
‘degrees’ of autonomy for ships. These degrees 

Degree one: ship with automated processes
and decision support. Seafarers are on board
to operate and control shipboard systems
and functions. Some operations may be
automated and at times be unsupervised but
with seafarers on board ready to take control.
Degree two: remotely controlled ship with
seafarers on board: The ship is controlled and
operated from another location. Seafarers are
available on board to take control and
operate the shipboard systems and functions.
Degree three: remotely controlled ship
without seafarers on board: The ship is
controlled and operated from another
location. There are no seafarers on board.
Degree four: fully autonomous ship: The
operating system of the ship is able to make
decisions and determine actions by itself.

were only created for the purpose of/to facilitate
the process of the IMO regulatory scoping
exercise (MSC 99/WP.9), although many have
interpreted them to be a general IMO definition
since then. During the regulatory scoping
exercise, relevant flag states acknowledged that
these levels required further consideration and
work in order to apply to regulatory purposes.

While they exhibit progressive levels of
automation and decision support, with the
highest degree defined as the fully autonomous
ship, the formulation does away with ‘Level 0’ as
this was not within the scoping exercise. 

On a 1-4 scale, IMO’s scale for the regulatory
scoping exercise is given as:

1.

2.

3.

4.

3.2  Class comparison

For comparison, the following definitions for
levels of autonomy in a ship’s navigation
functions by classification societies provide
different and more nuanced approaches to
gradations in ship systems autonomy. 
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From DNV: 

M Manually operated function.
DS System decision supported function.
DSE System decision supported function with
conditional system execution capabilities
(human in the loop, required acknowledgment
by human before execution).
SC Self-controlled function (the system will
execute the operation, but the human is able to
override the action. Sometimes referred to as
'human in the loop.
A Autonomous function (the system will execute
the function, normally without the possibility for
a human to intervene on the functional level).

From Lloyd’s Register:

AL 0     Manual – No autonomous function. All
action and decision making performed manually
(NB systems may have level of autonomy, with
human in the loop.), i.e., human controls all
actions.
AL 1     On-board decision support – All actions
taken by human operator, but decision support
tool can present option or otherwise influence
the actions chosen. Data is provided by systems
on board.
AL 2     On/off board decision support – All
actions taken by human operator, but decision
support tool can present options or otherwise
influence the actions chosen. Data may be
provided by systems on or off-board.
AL 3     Active human in the loop – Decisions and
actions are performed with human supervision.
Data may be provided by systems on or off-
board.
AL 4     Human in loop/supervisory – Decisions
and actions are performed autonomously with
human supervision. High impact decisions are
implemented in a way to give human operators
the opportunity to intercede and over-ride.
AL 5 Fully autonomous – Rarely supervised
operation where decisions are made entirely and
actioned by the system.

AL 6 Fully autonomous – Unsupervised operation
where decisions are made entirely and actioned
by the system during the mission.

From Bureau Veritas:

Degree A0 Human operated: The system or ship
can perform information acquisition, but cannot
analyse information, take decisions, and execute
operations on behalf of human. Human makes
all decisions and controls all functions. Human is
located aboard (crew).
Degree A1 Human directed: The system or ship
can perform information acquisition, information
analysis and suggest actions but cannot take
decisions and execute operations on behalf of
human. Human makes decisions and actions.
Human can be located aboard (crew) or
remotely.
Degree A2 Human delegated: The system or ship
can perform information acquisition, information
analysis, take decisions and initiate actions, but
requests human confirmation. System invokes
functions waiting for human confirmation.
Human can reject decisions. Human can be
located aboard (crew) or remotely.
Degree A3 Human supervised: The system or
ship can perform information acquisition,
information analysis, take decisions and execute
operations under human supervision. System
invokes functions without expecting human
confirmation. Human is always informed of the
decisions and actions and can always take
control. Human can be located aboard (crew) or
remotely.
Degree A4 Full automation: Self-operating
system or ship at defined conditions and in
specific circumstances. The system or ship can
perform information acquisition & analysis, take
decisions, and executes operations without the
need of human intervention or supervision.
System invokes functions without informing the
human, except in case of emergency. Human can
always take control. The supervision can be
aboard (crew) or remote.
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If functionality is indeed the measuring stick of
automation, the more relevant question as far
as humans interacting with ship systems
therefore appears to be:

What level of human attention/attendance
supports safe operation?

Looked at from this perspective, levels of
autonomy could be assessed on a scale based
on the need for human attention/attendance

One reason for laying out these different
summaries is to highlight the variations in class
definitions – and the absence of common IACS
definitions. Another is to contrast the clear
distinctions offered with the broad scope
allowed by IMO ‘degree one’, whose lack of firm
boundary against ‘degree two’ is especially
evident in the phrase ‘some operations may be
automated and at times be unsupervised. 

Another focus - beyond noting the five degrees
of autonomy given by Class - is DNV’s helpful
step of dispensing with the descriptive qualifiers
which feature in the SAE definitions where
system functionality is concerned. However, the
quid pro quo is that these definitions allow a
conditionality which lacks clarity on what the
‘human in the loop’ is actually doing. 

3.3  A path to progress?

For context, in 2018, Standard Club’s Senior
Claims Director, Heather Maxwell, wrote [1]: “The
predicted degrees of ship automation and the
timeframes to implementation can vary
dramatically, but the simple fact is that the
current legal framework lacks the basic language
required to account for autonomous ships in any
capacity.” In doing so, Maxwell highlighted the
way the IMO’s Convention on the International
Regulations for Preventing Collisions at Sea 1972
(COLREGS) provides navigation rules for ships to
follow to prevent collisions. Citing COLREGS Rule
5 (Lookout) for its insistence on perception and
judgement to make a full appraisal of the risk of
collision, Maxwell observed: “Whilst it is feasible
that ships remotely operated or monitored from
ashore could satisfy these conditions, it is
difficult to see how a fully autonomous ship ever
could.” 

These negative points are surely powerful, but
implicit in them appears to be a way forward for
autonomous ship regulation. On the one hand
they demonstrate how current maritime safety 

regulation is based on concepts of ‘the master’
and ‘crew’; on the other they highlight that the
activities of the human in the loop may not
necessarily be tied by location. 
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4. The human in the loop 

4.1 Starting from STCW?

Experts attending IMO meetings have also
suggested the starting point for rule
development towards greater ship autonomy
should be the International Convention on
Standards of Training, Certification and
Watchkeeping for Seafarers (STCW). STCW
establishes minimum qualification standards for
masters, officers and watch personnel on
seagoing merchant ships and large yachts. 

Circulated at the end of 2020, for example,
recommendations within The UK Maritime
Autonomous Systems Regulatory Working Group
envisaged ‘MASS Operators’ trained and certified
to standards equivalent to counterparts on
crewed vessels. However, IMO’s Inter-sessional
Working Group (ISWG) on Maritime Autonomous
Surface Ship (MASS) acknowledged that the
STCW Convention is only applicable to seafarers
that are actually on board an ‘autonomous’
vessel: even amended, it would not be able to
accommodate the concept of the remote
operator. 



Conditions: the lower the level of automation,
the greater will be the need for more
continuous human attendance/attention,
even during ‘easy’ conditions.
Situation: the lower the level of automation,
the greater will be the need for more
continuous human attendance/attention,
even for ‘simple’ situations.
Time: lower levels of automation either
cannot work safely without continuous
human attention/attendance or can do so
only for a short time. 

One Sea companies are of the opinion that
remote monitoring or operation should not be
confused with automation. The location of the
human operator in the loop is not relevant for
the taxonomy of automation and autonomy.
Human operators can be situated in various
locations - on the ship, on board another ship or
on shore. Remote operations can also be
performed on ships of various levels of
automation; hence the need for separate
definitions.

The ISWG on MASS concluded that legal
provisions such as SOLAS would need to be
revisited to consider crewing definitions. Where
automation and automated systems interface
with those working at sea today, the following
general statements appear self-evidently true:

1.

2.

3.

NB: Conditions affect perception where time
periods are concerned: a short time operating in
calm seas on open water may be perceived as a
significant period in close maneuvering. 

The task at hand, therefore, involves fitting
generalities on human attendance/attention
coherently together with accepted functional
standards covering automation/autonomy. 

Work by the main technology companies
involved in developing, verifying, and trialling
autonomous ship technologies has included an
evolving understanding of the regulatory 

instruments and challenges facing their
adoption. The work, which went on before,
during and after IMO’s formative scoping
exercise, is based on experiences involving
autonomous technologies on board real-life
ships, owners, and crews, operating in actual sea
conditions. 

As a general principle the companies urge
caution against combining manning with
technology levels. Manning principles are in
general not affected by automation; to avoid
unnecessary complications, the two matters
should be considered separately.

The resulting construct takes a different
approach to ‘degrees’ of autonomy to that
created at IMO. Following two years of work, the
formulation has been approved by all companies
within One Sea. 

The definitions apply to different ship systems or
operations or in extreme cases an entire ship.
Their basis is a scale of equivalence based on a
modified version of the SAE levels of automation
by the Society of Automotive Engineers. Having
offered this construct, subsequent sections will
offer further thoughts on definitions of terms and
use of terminology to support rule development.
Figure 1 offers a scale of automation
supplemented to include required levels of
human attention.

5. Automation and the autonomous ship

Three quarters of marine insurance claims are
linked to human error (Wärtsilä White Paper: The
Future of Smart Autonomy is here, 2021 ). Many
relate to collisions. 

At the same time, autonomous systems are
already increasing vessel safety today by
providing faultless and consistent data on a 24/7
basis, regardless of prevailing conditions or
physical obstacles. Systems also monitor 
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different parameters simultaneously - a
significant limitation of the human brain. 

One Sea member Kongsberg draws attention to
the way autonomous ship technology is
“removing humans from hazardous working
environments onboard vessels, reducing the
likelihood of human error by introducing smarter
systems that are highly automated and
autonomous to various degrees, (and) improving
the internal and external situational awareness”.
Autonomous technologies could also provide the
means for improved working conditions and
efficiency.

In a topical instance, a recent Tradewinds article
revealed that the ultra large container ship, Ever
Given, which caused one of shipping’s highest-
profile accidents in March 2021 when she 
 grounded and blocked the Suez Canal, actually

had two pilots on board at the time. Interviewed
by the newspaper, Capt. John Dolan, Standard
Club’s Deputy Director of Loss Prevention, and
head of the International Group of P&I Clubs’
subcommittee on pilot safety, said that vessel
monitoring technology could play a role in
reducing accidents and aid the communication
challenges between ship masters and pilots. 

In keeping with Figure 1, it is therefore useful to
offer a recap of distinct levels or degrees of ship
automation in the context of existing systems
which help human beings make better decisions
today and envision operations that go beyond
today’s technology. 

5.1 Levels of autonomy

Level 0: Basic operation / Human controls the
vessel
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Figure 1 Levels of automation (modified from SAE-levels)
 



In its simplest form, automation is used to
control a process according to set points,
which in turn control a variable. A human
controls the vessel manually or establishes
desired ‘setpoints’ so that automation can
achieve the desired outcome. The automated
part of functionality is limited to internal
monitoring and counteracting deviations
between the desired setpoints and received
information. This is a closed-loop system.

The officer of the navigational watch (OOW)
sets the desired heading on the autopilot.
Control of the rudder angles is automated
until the ship’s heading corresponds to the
setpoint. Information is also received from the
compass, so that the vessel’s rudder and
heading adjust to match the setpoint entered
into the autopilot. Automation maintains the
setpoint until a human enters a new setpoint;
the system cannot change the setpoint based
on surroundings or any changes in
conditions. 

A human operating the ship’s functions
assesses and takes decisions based on
information received, entering, or adjusting
setpoints by way of response. System
automation assists the human operator by
providing observations/updates and/or
automating basic and simple tasks that are
logical extensions of decisions made. 

Description

 Example

Level 0 is considered as reflecting the current
state of maritime regulations in force.

Level 1: Assisted operations / Hands-on, eyes-on,
mind-on

Description

A Dynamic Positioning (DP) system used in
offshore operations can automatically control
a vessel’s position and heading using active
thrust. The operator can either control or
maneuver the vessel manually using a
joystick for position and heading control,
automating the process based on continuous
setpoint updating. The operator may select
automatic control of one or two of the vessel’s
axes of motion - surge, sway, and yaw. 

The operation of at least one complete
function/operational mode is automated. The
system monitors the actual situation and can
perform actions to achieve the setpoint or
result required. The system informs the
human operator of relevant observations and
the actions identified as needing to be
performed. However, action may need to be
confirmed beforehand by the human
operator.

An example is Track Control (also referred to
as Track steering) which combines the
Autopilot with the Electronic Chart Display
and Information System (ECDIS). The officer
of the navigational watch (OOW) can
program a voyage plan into the ECDIS that
contains one or more tracks, with the
autopilot receiving its orders from the ECDIS
and transmitting commands to the steering 

Example

Level 1 is consistent with current maritime
regulations in force with respect to systems
automation.

Level 2: Partial automation / Hands-off
(sometimes), eyes-on, mind-on.

Description

Example
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Here too, the operation of at least one full
functional/operational mode is automated.
When certain operational conditions are
fulfilled, the system monitors the process
according to the setpoints and automatically
takes action to maintain the setpoints. The
task may be performed without human
control for a limited time, determined by
operational conditions/location.

An automated docking system is a typical
example of conditional automation. On the
master’s command, the ship un-docks and
departs from the quay, manoeuvres out of the
harbour, sails to the next port, manoeuvres
into the harbour and docks alongside the
quay under supervision, but without human
intervention. The system avoids potential
errors resulting from humans having to
perform repeated technical manoeuvres and
allows the OOW to concentrate on
surrounding traffic and situational safety.

system. The Track Control system may be
controlled by the OOW or offer alerts that
required actions are pending and ask for
confirmation to execute. The OOW can take
control at any point to deviate from the track,
e.g., to avoid objects.

Level 2 is consistent with IEC 62065:2014 as it
relates to maritime navigation and radio-
communication equipment and systems - Track
control systems - Operational and performance
requirements, methods of testing and required
test results.

Level 3: Conditional automation / Hands-off,
eyes-off (sometimes), mind-on.

Description

Example

Level 3 Some aspects might be in a grey area 

This is the highest level of ‘human-attended’
automation. The functional/operational task
is performed to a large extent automatically
without human attendance. The system
alerts the human operator when intervention
is needed if a situation arises when it cannot
perform the action within its parameters to
achieve the setpoints.

A track control or automated docking system
where an automated navigational system
may be unattended for a length of time, as
defined by surrounding operational
conditions. All navigational watch-related
functions and collision avoidance are
performed by the system, which will alert the
human operator of any
irregularities/observations that need
attention. The OOW may check the operation
of the system at certain intervals and monitor
the operation of the system in situations
when a heightened level of safety is required.
In certain conditions, human oversight of
operations will be absent, for example on the
open sea, in the daytime during good
weather.
Anti-heeling system: the system enables
automatic detection of the heeling angle and
compensation. Pneumatic or water pump
operations are used to compensate
connected ballast tanks, regulated by
automatic valves and control systems. These
automated systems operate within current
regulations. 

beyond the scope of current maritime regulation
although technical minimum standards exist.

Level 4: High automation / Hands-off, eyes-off,
mind-off (sometimes).

Description

Example
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Autonomous operations replace all human
supervision; human attendance or
interventions are not required. The goal set
for operations is predetermined but requires
autonomous problem solving to deal with
situations encountered. These solutions will
be based on information gathered and the
ability to understand the apparent situation.
Technology observes, identifies, interprets,
and responds to situations so that the ship
and its equipment operate in a compliant
and safe way.

Fully autonomous navigation and collision
avoidance replaces all functions of a
navigational watch. The autonomous system
keeps the vessel on its calculated and most
efficient route and make adjustments to
routing and speed based on conditions (e.g.,
wind, waves and currents forecast) for just-in-
time arrival. The system observes and
identifies objects and vessels in the vicinity,
assesses risks and takes action to solve close
quarter situations, adjusting course and/or
speed according to the rules of the road.

The main difference between levels 3 and level 4
is that in the latter case, under certain
conditions, human oversight of specific
automated operations is not needed; if the
conditions persist, operations can continue on an
‘eyes-off, mind-off’ basis. The system will identify
when the situation is no longer manageable. 

Level 4 Today, some systems are on this level.
However, systems or functions requiring human
attendance and combining of observations and
information are directed by regulations and
constrained by minimum requirements.

Level 5. Autonomous / Hands-off, eyes-off,
mind-off = human-off

Description

Example

The main difference between level 4 and level
5 is that, in fully autonomous mode, the
system will be capable of coping with
exceptions, unforeseen situations, anomalies,
faults, etc., without needing human oversight. 

5.2 ONE SEA commentary

Proactive ship owners and operators have
already adopted a range of digital remote
autonomous technologies for existing vessels
and plan to adopt similar systems on new
vessels. Digitally enabled voyage reporting is the
most obvious example. Adopted by a growing
number of owners, these systems replace the
time-consuming and sometimes ‘fudged’ noon
report used by shore-based personnel to monitor
ship performance. 

However, standardization and integration are
often lacking because original equipment
manufacturers have developed function-specific
systems to measure metrics such as torque on
the shaft, for example, to manage fuel burn or
project time to the next port. As yet, there is no
common interface. 

Vessels that could qualify for higher degrees of
automation (such as OS Levels 4 and 5) are, so far,
mostly experimental and confined to the
territorial waters of one coastal state. These
include harbor tugs and commuter ferries. For
deep-sea cargo vessels, isolated tests of specific
technologies have been performed, and more
are in progress. Full-scale application of higher
levels of automation technology has not yet been
implemented on these vessels, mainly because
such ships would fail to meet the requirements
in force for ship safety and safe operation. 

The 120-TEU Yara Birkeland, which had its first
voyage 19th November 2021, is an example of a
ship with a higher degree of automation. The
ship navigates solely through Norwegian inshore
waters. Within two years, Yara hopes that the 
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vessel will operate autonomously on the route,
with no crew. 

6. Conclusions

6.1 Summarizing the main conclusions

Remote control or operations can be applied to
ships encompassing systems with various levels
of automation, which is why remote control and
operations should not be confused with the
levels of automation. One Sea underlines that the
location of the human operator is not relevant for
the taxonomy of automation and autonomy. 

In addition, mixing manning levels with levels of
automation is misleading. Manning principles
are applied by authorities determining the
minimum crew for a vessel. Vessels can comply
to these principles regardless of the level of
automation of the systems on board the ship. 

This paper proposes that levels of autonomy
could be defined on a scale based on the need
for human attention/attendance. It describes six
levels of automation that are explained in detail
in chapter 4. The proposed levels can be applied
to various ship operations or the entire ship. Only
the last level is referred to as autonomous,
meaning that a human operator is not needed
for operations, which are automated.

6.2 – Why does the discussion need these terms
of reference? 

One Sea prioritizes the development of
international regulations, in order to ensure safe
global operations utilizing modern technologies.
The Maritime Safety Committee decided, at its
104th session on a new output on "Development
of a goal-based instrument for maritime
autonomous surface ships (MASS)", with a target
completion year of 2025. The Committee agreed
that the final goal would be a mandatory
instrument.

As a noun, automation refers to the
automatic control functions in the
autonomous ship systems.

The term control does not preclude that the
action is only to monitor the process, e.g., to
raise an alarm or to request intervention.
Control can be exercised by a human or by
automation.”

In light of the work to create an instrument to
enable the use of MASS commencing at the MSC
20th to 29th April 2022, it is necessary to clarify
what we are discussing when we talk about
MASS - specifically when it comes to levels of
automation technologies. Precise terminology is
essential because ambiguity is currently causing
misunderstandings regarding scope, application
and functions of different technologies and
concepts. 

To enable the use of these technologies at a
larger scale, regulators, owners and operators,
designers, suppliers, infrastructure providers,
assurance bodies, other users, and the general
public need to have a collective understanding
based on an agreed terminology.

Terminology relating to autonomous
ship systems 

Auto in context

The implementation of processes by automatic
means (ISO/TR 11065). 

Control in context

Purposeful action on or in a process to meet
specified objectives (IEC 60050-351). 

MASS in context

At its 100th session held on December 3-7, 2018,
IMO’s Maritime Safety Committee defined a  
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a ship which, to a varying degree, can operate
independently of human interaction.

Maritime Autonomous Surface Ships (MASS) as

Reference

[1] Standard Club Technology Bulletin,
September 2018
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heavily involved in the work to introduce
Maritime Autonomous Surface Ships (MASS) at
IMO level. During his tenure, Capt. Rahikainen
attended more than 50 IMO meetings and a
comparable number of meetings regarding
legislation, enforcement and inspections of
maritime transport in the European Union.
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the Finnish Transport and Communications
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From the Editor

This year, we've chosen the theme "A New Era Without
CO2 Emission" for SNAMES 41st Annual Journal. With
about 90% of world trade transported by sea, global
shipping accounts for nearly 3% of the world's CO2
emissions, and the sector is under growing pressure to
get cleaner. IMO pursued efforts towards phasing out
GHG emissions from international shipping entirely by
the end of this century. Voluntary action by the
industry and governments will help deliver technology
and infrastructure to achieve the strategic objectives.
The 41st SNAMES Annual Journal aims to raise
awareness and present the development of Low
Carbon, Carbon-neutral, and Net-zero Emissions.

Besides the hot topic, we also include several papers
covering various topics, from maritime cybersecurity,
the application of artificial intelligence in ship repair,
to even the terms of reference for rule development
for the autonomous ship. We hope that through the
various technical papers covering leading-edge
innovations and breakthroughs in the maritime
industry, readers across the industry – business leaders,
professionals and technologists – will be encouraged
to move beyond their current boundaries. These
papers are written by accomplished professionals and
academics. Among the nine papers featured in this
edition include the following:

The use of marine nuclear power for the provision of
synthetic fuels - 'E-Fuels' – by Giulio Gennaro and Rory
Megginson 

CII-Impacts on the Operation of different Ship Types –
Solutions for future-proof Operation of existing
Vessels - by Hinrich Mohr, et al

The Need for a Testbed for Strengthening Maritime
Cybersecurity – by Priyanga Rajaram, et al

In closing, on behalf of the SNAMES Council, I would
like to appreciate the companies and partners who
have unreservedly supported the Journal and SNAMES
over the years via advertisement placements, event
sponsorships and participation in SNAMES-organised
events. We look forward to our partners' continual
strong support and our members in our activities.

Sincerely

Dr Ji Xi
SNAMES Publication Chairperson 

www.snames.org.sg41ST ANNUAL JOURNAL 2021/2022| 106    



With Innovation
in the Maritime

Industry, 
We look forward

to the Future.

SNAMES ANNUAL
JOURNAL

www.snames.org.sg41ST ANNUAL JOURNAL 2021/2022| 107    




