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Introduction

The world is on the brink of collapse
with increase in the carbon emission
and melfing polar ice caps. We are
almost near extinction with the
average temperature rise around 7°C
till 2100, As mankind is driving towards
future, there is more importance being
given to green praclices with
changing government policies.

Maritime sector has also developed
various regulations and conventions
to lower the emissions and new
concept of "Zero Emissions’. was
derived.

Recent trends in shipping show a
huge inclination towards stripping-off
emissions to lowest values possible,
\We know that the standard fuel cycles
are not much efficient even with the
various improvisations made over.
Fuel cells have proven to be efficient
power sources over the last decade
with maximum efficiency up to 82%
which is almost twice of the standard
engine cycles. There have been
sincere efforts by automobile
industries with hybrid vehicles coming
into the picture, now it is time for
hybrid vesselstoo.

Vessels can be run using hydrogen
power plants with an effective
analysis of the total outcomes of using
hydrogen as a fuel in terms of profits
to the owner and also to the
environment. Economic viability of
any change is the most important
consideration in the industry, inherent
with all other reguirements all
standards and conventions can be
abided which are mainly concerned to
environment with almost least
equipment onboard.

Hydrogenasafuel:

Some research shows that the
maximum conversion efficiency of
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fuel cells is limited to the Carnot
efficiency. The oretical efficiency of
fuel cell may exceed that of the Carnot
cycle for the same temperature range.

The lowest value of maximum

efficiency is found to be 79.3, 75.7. 821
% of hydrogen-oxygen, hydrogen-air,
methane-air fuel cells respectively. By
increasing the steoichiometric
coefficient of air, the efficiencies of
both hydrogen-air and methane air
fuel cells monotonically increase and

they approach 100 % limit at a

stoichiometric coefficient of 7.2 and
g 8respectively.

A fuel cell system running on

hydrogen can be compact and light-
weight and have no major moving
parts, Because fuel cells have no
moving parts and do not involve
combustion in ideal conditions they
canachieve 99.999% of reliability.

There are many types of the fuel cells

so the efficiencies vary, but most are
between 40-60% energy efficient.
However, if the excess vapor

produced in the fuelcellis used up the
efficiency can rise up to 85%.
Significantly more than that of the coal
fired power plants that are
only 1/3 times efficient. Assuming
production at scale fuel cell can save
up to 20-40% on energy
costs when used in cogeneration
systems. A fuel cell power plant
running on hydrogen as a source
would produce 1 ounce of pollution
(other than CO2) for every 1000KWh
of energy Fuel cells also produce
97% less nitrogen oxide emissions
compared to coal fired power plants.
Solitary such program is operating in
Stuart Island in Washington state.
Solar panels power an electrolyzer,
which makes hydrogen. The
hydrogen is stored at 500 US gallon
(1goolL) tanks atzoo PS| and runs a
Relion fuel cell to provide full electric
backupto off grid residence.

Production of hydrogen on a large
scale:

There are 6 different methods of

GLOBAL FUEL CELLS FOR MARINE VESSELS MARKET

KEY TREND MARKET DRIVER

Evolution of hydrogen Demand for alternate
as a marine fuel. propulsion systems.

O

FORECAST
Increase in R&D The market is
activities in marine projected to
propulsion industry. reach $308.1
million by 2021.
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production of hydrogen on a large
scale.

- Steam Methane reforming (SMR)

- SMR using hydrogen as a fuel in the
furnace (SMR+)

- Auto thermal reforming (ATR)
- Partial Oxidation (POX)
-Electrolysis

Requirements for powering ships

with hydrogen:

- Electric Propulsion systems.

+Hydrogen storage Tanks

+ Compatible piping systems Electric
Propulsion System:

Electric propulsion system would

look like below. The electricity

produced from the fuel cell generator

would be used to drive the propellers.

Output equivalent to a 2 stroke diesel

engine can beachieved.

Recent Developments & possibilities

In recent conditions, the cost of
production, manufacture and
dispensing of hydrogen is
comparatively much higher when
compared to that of the fossil fuels.
But, what if the hydrogen needed to
run the fuel cells is produced onboard
itself?

Yes, there is process to break water
into its principle components with the
use of sunlight. This photo
electrochemical method is still in the
R&D stage. Once we are able to
produce hydrogen on a large scale
onboard there is no need of fueling
stations plus in addition there would
be a large cut own in the fuel costs
which would benefit the ship ownersa
lot, All the ship neeads are sufficient
water onboard & sunlight to run. The
vessels in future will become self-
sufficient.

Scottish shipyard Ferguson Marine
has successfully led a European
consortium —known as HySeas lll —in
a bid for EU funding to develop the
world’'s first hydrogen-fuelled
commercial ROPAX ferry,

Hydrogen fuel cells have a long track
record of supplying efficient. clean
power for a wide range of
applications, including forklifts,
emergency backup systems, and
vehicles, An analysis by Sandia and
DOE showed that due to fluctuating
loads in maritime auxiliary power
applications, a hydrogen fuel cell,
which follows the load. is more energy
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efficient than a diesel engine. A
hydrogen fuel cell only supplies
powerwhenitis needed.

Hydrogenics Corp. designed and
manufactured a containerized 100-
kilowatt hydrogen fuel cell unit, which
includes the fuel cell engine, a
hydrogen storage system, and
power-conversion equipment. Built
into a standard shipping container, the
unit has an outward appearance and
functionality similar to maritime diesel
generators thatare currently in use.

Viking cruises (Norway) has joined the
ranks of companies working to
introduce fuel celltechnology.

Major commercial ports can produce
daily emissions equal to those of halfa
million cars or more. To combat these
environmental impacts, many US
ports have begun to adopt green
practices. Hydrogen fuel cells have
the potential to meet the electrical
demands of vesselsin ports, as wellas
supply power for other port uses, such
as vyard trucks, forklifts, and other
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Following D G Shipping Approved courses in Heart of the Chennai
Courses Duration Fees

T SimuatorCourses

High Voltage Course (Management Level) 5 Days 14900

High Voltage Course (Operational Level) m

Liquid Cargo Handling Simulator - Management Level Course [LCHS] 5 Days 11200

Diesel Engine Combustion Gas Simulator - MEO Class-I (DECGS) | 3Days | 8900

Engine Room Simulators - Operational Level-MEO Class IV (ERS) 3 Days 4900

Global Maritime Distress Safety System (GMDSS) 12 Days 19900

Electronic Chart Display and Information System (ECDIS) 5 Days 12900
Revalidation & Upgradation Courses

Marine Engineer Officer (REO) Revalidation of Certificate of Competency 3 Days 6900
Refresher course for AFF & Refresher Course for PSCRB 2 Days 11800
Refresher Course for FPFF (RFPFF) & Refresher Course for PST (RPST) | 2 Days 3800
Advanced Courses
Medical First Aid (MFA) 4 Days 4900
Proficiency in Survival Craft & Rescue Boats (PSCRB) 5 Days 9900
Ship Security Officer (550) | 3Days | %00
Advanced Training for Tanker Operations (TASCO /| CHEMCO / GASCO) 11 Days 11900
Advanced Passenger Ships Safety Course (APS) 5 Days 9900
Basic Courses

Basic Safety Training (STCW Courses- PST, EFA, PSSR and FPFF) 11 Days 11600

Security Training for Seafarers with Designated Security Duties (STSDSD) 2900

Tanker Course Combined(Oil & Chemical) (TFC-C) 6 Days 4900
Passenger Ship Familarization (PSF) 3 Days 3900

Competency Courses
2"d Mate Function - 31900; Chief Mate PH1 - 39900; PH2 - 44900; ASM - 31900
MEO Class | (EM) - 31900; MEO Class-ll (PCT) - 39900
Discounted Packages
BST + STSDSD - 13900 AFF + PSCRB + MFA - 22900

AFF + PSCRB + MFA + ERS - 27500 TASCO + CHEMCO + GASCO = 33900

REO + RAFF + RPSCRB + RMFA - 19900 PCT + ERSM - 47800

Presea Courses

B.Tech (Marine Engineering) 4 Years 275000/Yr  B.Sc (Nautical Science) 3 Years 275000/Yr

GME Course (For Graduate Mechanical Engineers) 1Year 325000  |Electro Technical Officers (ETO) 4 Months 179000

G P Rating (Deck / Engine) 6 Months 179000  OCCP (orientation course for Catering Personel) 12 Days 39000
* EARLY BIRD OFFER - Only for bookings made atleast 30/90 days in advance
Fees subject to change without notice - Limited offer
Loyalty Discount Available up to INR 3000/- for every future courses to all our Ex-Students

Flindustan Onstitnte of Mavitime < L raining

Regd. Office: 11, Millers Road, Kilpauk, Chennai - 600 010
Tidel Park Centre : 32, 4th Street, Dr.VSI Estate(Phase Il), 0ff OMR, Thiruvanmiyur, Chennai-41
Campus : 55, East Coast Road, 72B, Vengamhakkam, Kalpakkam - 603102
I’hl:me (9144} 30103010 43439595 : Email : hunkmg@hlmtmarme com
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materials-handling specialty
equipment. Ifimplemented, hydrogen
fuel cells, which produce zero
pollutant emissions and no
greenhouse gases at the point of use.
can reduce the overall amount of
dieselor other maritime fuelused.

Conclusions:

- The major concern regarding
hydregen run ships is its economic
viability. But with the research and
developments in the production of
hydrogen the costs have now
become considerably low. But still
not equivalent to be as cheap as
gasoline or HFO,

« Considering the life cycle benefits of
the vessels with the systems
onboard the profits are guaranteed
but the ship owner must have the
guts to invest in such a high capital
costproject.

+ In the current conditions a lot of
improvements are needed but scon
with such rate of technological
progress, in the upcoming decade
or 5-year span project will be
suitably viable.

* The storage cost of hydrogen above
the ground is also a major challenge
to overcome.

+ The systems prove far more efficient
than the conventional diesel
generators.

+ Less use of auxiliaries and lesser

maintenance required for the
systems with very low downtime,

- More cargo accommodation space
available since the system has a
simplified layout and weighs lighter
than conventional diesel engine
systems,

- The water vapor produced as a
leftover product can be used for
various purposes onboard.

Note:

The full version of paper is available:
parties interested can contact the
authors
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TECHNICAL SEMINAR - IMEI

MUMBAI BRANCH

The Mumbai Branch of The Institute of Marine Engineers (India) in association with Sea Commerce is organizing a
Technical Seminar on 16th February 2019 (Saturday) from 1000 Hrs to 1700 Hrs at Indian Register of Shipping 524,
Adi Shankaracharya Marg, Opp. Powai Lake, Powai, Mumbai, Maharashtra - 4000072 The seminar will be on the

following topics:

1. “SulphurCap 2020 -1000 hrsto1300hrs 2. “Methanolas Alternate marinefuel”-1400 hrsto1700 hrs
The Seminar will have presentations followed by Panel discussions and a Q&A session. There will be Expert
speakers from UAE and New Zealand to speak on Methanol as Alternate Marine Fuel.

Lunch will be served at the venue.

There will be no entrance fees, but registration is compulsory.

Please confirm your attendance to

Mr. Surendra Vaidya on 22851195/ 22834035 / 9699143941
or drop a mail onmumbai@imare.in to enable us make suitable arrangements,

Rajeev Nayyer, Chairman

The Institute of Marine Engineers (India) Mumbai Branch
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