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INTRODUCTION
In many modern conventional ships, propulsion systems are so large that they force the rest of the ship to be constructed around them. Hence throughout the history of ship building the key challenge to often has been as how to design a future ship propulsion system which provides more space for cargo, passenger & reducing space occupied by machineries, thus targeting at decrease in the cost of capital. Keeping this in mind this article deals with various propulsion system available which are more reliable, efficient, space saving, money saving and environmental friendly “Just as energy is the basis of life itself and ideas the source of innovation, so is innovation the vital spark of all human change, improvement and progress.
Hence, here we are discussing the futuristic development of eco-friendly propulsion system.  These are mainly the kite sail, electric-diesel, propeller & thruster,  waterjet & nuclear propulsion system, which will improve the ship’s propulsion efficiency, performance & the overall economy.

ALTERNATIVE PROPULSION POWERING FOR MERCHANT SHIPS
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The diesel powerplant forms the basis of comparison against which all of the subsequent alternative concepts are evaluated. 

Ship powering demands two characteristics: Reliability and Economy. Due to excellent economy the diesel engine remains predominant. The diesel driveline chosen for most large cargo ships consists of a low-speed two-stroke diesel turning a direct-connected single propeller. Such a propulsion plant consists of a single large engine turning the propeller at shaft RPM with no intervening reduction gear.
A leading  manufacturer of such engines are MAN B+W, SULZER (Wartisila).

K98.
ARE THERE ALTERNATIVES TO THE DIESEL ENGINE?

The theoretical efficiency of reciprocating engines is mainly depending on the compression ratio while the gas turbine process is depending on the maximum temperature. Since this temperature is limited for gas and Steam turbines as long as steel is used for turbine blades the efficiency of the diesel engines will be higher. However, the diesel engines are producing more NOx emissions due to the temporary very high

temperatures after ignition. In the last 30 Years steam turbines plants with 70 bar pressure, 560°C maximum temperature and intermediate superheating has been developed. Steam turbines plants have the advantage to burn nearly every kind of fuel, low maintenance costs and a low noise and vibration level. However, the efficiency of these plants is not exceeding 35% and at present fuel prices there is no chance that a

steam turbine will be installed. In addition to these economical facts there is only limited crew who have operational experience with steam turbines. These plants also need more space so that the engine room is larger compared to diesel plants and consequently there is less room for cargo. Stronger environment legislation might boost combined gas/steam turbine plants which reach a thermal efficiency between 40 and 47% for large plants. The diesel engine reaches values in the range of 50 % for engines above 10 MW. The combined cycle gas/steam turbine with electric propulsion motors was introduced on some passenger vessels. Low exhaust gas emission and a low noise and vibration level are the main advantages for this type of vessel in particular when they operate in environmental sensitive areas. The disadvantage is that “clean fuels” have to be used which are presently about 80% more expensive than heavy fuel oil. As long as it is allowed to burn heavy fuel oil at sea, this economical disadvantage can not be compensated. Four submarines of the German navy have been equipped with fuel cells for power generation. They are operating with hydrogen and oxygen on very low temperatures and an efficiency above 60%. The main advantage is the extremely low noise level, these boots are hard to detect. If other fuels than hydrogen or methanol are used a reformer plant is needed, which is rather complex and decreases efficiency of the plant. By using diesel oil the fuel cells efficiency is below the values of diesel engines. Presently the specific installation costs for fuel cells are 20 times higher than the costs for a diesel plant. As a matter of fact nearly all new buildings currently ordered are equipped with diesel engines except some niche products like high speed crafts and navy vessels where gas turbines are installed. On LNG (liquefied natural gas) carriers the steam turbine was dominating till 2003 because the boil off gas can be burned without major modifications in the steam boilers. New dual fuel engines have been developed as well as reliquefaction plants. The dual fuel engines have a lower efficiency than pure diesel engines. The exhaust gas emissions – in particular NOx - are much lower. By using these technologies the transport costs of LNG can be reduced by 10 to 15 %. As a consequence only a few LNG carriers have been ordered with steam turbine plants in the last three years. The influence of the availability of fuels is of major importance for the future development of ship propulsion plants. The reserve/production ratio of oil is in the range of 40 years, gas reserves will last for about 60 years. The energy prices will rise because consumption increases in particular in the largest countries of the world by population China and India. Nearly all liquid and gaseous fuels can be used in diesel engines. However, the coal reserves are much higher (+200 years). Burning coal dust or coal slurry in diesel engines has not proved to be an alternative. The wear rates of liners and rings have been not acceptable. In case that coal will come back as fuel for seagoing vessels the reintroduction of steam plants might happen. Nuclear power is not an alternative because the majority of countries will not allow that these ship enter their ports. The potential of solar and wind energy is not sufficient to be used as prime mover. However, these natural resources can be used as efficiency booster like the “sky sails” technology .Seaborne transport is the most efficient way to transport goods and the diesel engine is the most efficient prime mover. It seems that at least for the next 20 years this will remain.
ALTERNATIVE POWERING OPTIONS

Gas Turbine Engines
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During the period of the 1960s the world enjoyed an affair of preference for new
and “space age” devices. During this period aeroderivative gas turbine engines
saw service in some limited merchant shipping activities. It was during this time,
for example, that the Golden Gate Ferry district first procured gas turbine-driven
high speed ferries to serve San Francisco. However, the Oil Embargo of 1973/74
and the skyrocketing fuel prices associated therewith almost eliminated gas
turbines as prime movers for merchant ships because of their inferior fuel
economy compared to medium and low-speed diesel engines. Today however
there has been a resurgence of interest in gas turbine propulsion. 
LATEST GENERATION IN GAS TURBINES

The latest generation of marine gas turbine – including engines which are still
slightly “over the horizon” – includes intercooled, recuperated or regenerative gas
turbines. These machines capture heat from the turbine exhaust and recover the
energy in order to increase the overall thermal efficiency of the machine. As a
result the fuel consumption per unit power generated is reduced and part load
efficiencies are increased as well.
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“Another approach that has come about as a result of the compact and lightweight design of the GE gas turbine package is placing the gas turbine generator in the funnel. This is being done on two classes of P&O Princess Cruises vessels, also onboard Cunard's new Queen Mary 2. On the latter ship, the extremely high power requirement dictated the use of gas turbines in addition to four Wartsila diesel engines. Once again, because of the light weight and compactness of the gas turbine package, the designers were able to place two gas turbo-alternators in the funnel.”
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.DEVELOPMENT OF MARINE GAS TURBINES

Marine gas turbines generally are developed either from land-based power units or from aircraft engines. Since land-based units, such as the Westinghouse 501, are designed from the beginning to operate on land, weight usually isn't an important design criterion so most (but not all) units tend to be very large and very heavy. Aero-derivative turbines, as the name implies, are developed from engines designed for aircraft use. These units are smaller and lighter than the land-based units, but their durability is not as good. Since weight and volume traditionally are important considerations when selecting a ship powerplant, and since marine engines operate for much fewer hours and at lower power levels than do land-based units, most large marine gas turbine engines are of the aeroderivative type. However it is important to note the similarity of evolution of the
land-based turbine and the marine low-speed diesel. In both of these machines
the evidence points to an emphasis upon reliability and efficiency, with little attention given to weight or size.



ADVANTAGES:-

· Gas turbines are small and compact for their power level – especially when
compared to low-speed diesels. 
· They have recently enjoyed a revival as a prime mover for the growing number of fast ferries that are subject to severe space and weight restrictions and which transport a “cargo” that appreciates reduced traveling time. 
· Gas turbines have also seen success in cruise ships, because their very high operating RPMs result in a nearly vibration-free machinery plant and thus a potentially quieter, smoother ride.

NATURE AND ECONOMICALLY FRIENDLY

In addition, significant environmental attractions exist for gas turbines. According to RINA “Royal Caribbean's decision to utilize gas turbines in its next generation of cruise liners was heavily driven by its desire to lead the industry in the construction of environmentally friendly ships. In 1998, GE claimed that its LM2500+ gas turbine would reduce emissions by 98% from that of current diesel technology. During the hand-over of Millennium to Celebrity (today a Royal Caribbean associate), actual exhaust stack emission measurements were taken. Not only was there no visible smoke, but the NOx emissions were found to be only 5g/kWh. This is less than half the minimum level targeted by IMO. “Of course, diesel engine manufacturers have not been standing idly by during the past three years. MAN B&W has its 'invisible smoke' technology which incorporates fuel/water emulsification, auxiliary blower, and special turbocharger. Meanwhile, Wartsila NSD is developing its 'smokeless diesel' which incorporates a new ultra high-pressure common rail fuel system. In addition, the Finns use direct water injection to reduce NOx emissions. ‘Both these technologies are not new and add a considerable amount of complexity to the installation and operation of these engines,' claims David Whisenhunt, general manager of commercial marine systems at S&S Energy Products (part of the GE Group). 'On Millenium, we have proven that our gas turbines operate without visible smoke and actually meet the 5g/kWh target that we quoted in 1998. No new development was necessary to accomplish this,'”


CURRENT MARKET SCENARIO


Turbine options available currently or in the near future are listed below. Note that there are other turbine manufacturers than those listed, but these are arguably the leading ones in marine propulsion:
• GE LM2500+
• GE LM6000
• GE 90
• GE Frame 6B
• GE Frame 7
• Rolls-Royce V2500
• Rolls-Royce Trent
• Westinghouse 501
presents physical and fuel consumption data on the listed engines. As will be seen, the fuel consumption for the turbines ranges from 205 to 277 g/kW-hr. This compares to the diesel’s 171 g/kW-hr as a 20% to 60% penalty in fuel consumption. Further, since these engines prefer a lighter grade of fuel, there is an additional cost increase per pound of fuel that may be approximately 50%. The net result of this is that the turbines may cost as much as twice as much in fuel costs, as compared to the diesels. This of course adds to the total life cycle cost of the gas turbine propulsion plant alternative as well as a modification of the world-wide bunkers infrastructure. Most of the listed turbines turn at about 3600 rpm. Thus a double-stage reduction gear is required to reduce the rpm to the 100-200 at the ship’s propeller. Gears of this power and ratio will be large and heavy, often as heavy as the turbine engine itself. Indeed, a reduction gear weight of about 1 tonne per MW is likely. Thus the weight of the turbine engine must be increased from, say, 20% to 100% to account for the weight of required reduction gears. (A greater weight penalty with the lighter aeroderivative engines.) The result of this is a range of engine-plus-gear weights as follows. As may be seen, despite large gear weights these engines are still substantially lighter than the thousand-tonne-plus diesels. This weight reduction might in some services be converted into extra revenue capacity. However, due
to the noted fuel consumption penalty, this weight reduction will be completely eliminated by an increase in the required fuel capacity. The result is that there is no net reduction in machinery weight, no net increase in ship revenue, and a substantial increase in recurring fuel costs.

Electric Drive
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Electric drive is an alternative prime mover/power generator. This methodology consists of using a steam, diesel, or gas turbine prime mover, or an alternative power generator (fuel cells or nuclear reactor) to drive a large electric power producer (alternator). The electricity is then sent via wiring to a propulsion motor that turns the propeller.
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This system would more properly be called an electric transmission, as the prime drive power is still diesel or turbine produced. As may be imagined, the system introduces some losses, as mechanical energy is converted into electricity and then back into mechanical energy. Further, the large alternators and motors required may significantly drive up the weight of the system as compared with a mechanical transmission, especially when compared to the directly coupled lowspeed diesel engine configurations.
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In electric ship propulsion a prime mover drives a generator and the power developed by the generator is supplied to an electric motor which drives the propeller.

[image: image8.emf]
PROPULSION ARCHITECTURES
The current scenario of possible configurations of propulsion for ships commercial or military is based on mechanical mating between the main engine, which can be a diesel or gas turbine (GT) or a steam turbine, and the propellers through a redaction gearbox and a shaft. Diesel engines typically are used for medium-low speed, while the gas turbine is used to the top speed.

The main configurations of this type of propulsion, commonly called "mechanical drive",are:

CODOG = diesel or gas turbine combined

CODAG = Diesel and gas turbine combined

COGAG = Gas turbine and gas turbine combined

CODLOG = Diesel (electrical) and gas turbine combined

In recent years, there was widespread the use of electric propulsion configuration, especially on cruise ships, due to increased demand for electricity for both propulsion and for uses of passengers accommodation. This configuration allows you to eliminate the long lines of axis and obtain an improvement of the available space on board ship.

In this configuration, the main engine, typically a gas turbine, is coupled to an electric generator and propellers are coupled to electric motors.The spread of electric propulsion is expected to grow in the near future, not only for cruise ships but also warships, under the excellent level of redundancy and low noise that characterize the electrical architecture. One example is the configuration CODLOG adopted on FREMM frigates, which consist in a part of electric propulsion for the low speed and a mechanical propulsion for the the top speeds
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ADVATAGES:-
· Ability to distribute power demand over multiple prime movers.
· Thus several engines may be working together to drive one propeller. 

· Offers the possibility of adjusting load factors so that the engines operate at their most fuel-efficient points throughout a relatively wide range of ship speeds.
DISADVANTAGES:-
· Frequency control and SCR systems produce harmonic distortion that can affect AC circuit.
· Adding more power conversions would introduce additional losses.

· With the improved propeller efficiency, the top speed of engine reduces.

· It will add some extra maintenance cost."

CURRENT MARKET SCENARIO
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A developmental motor is the superconducting homopolar motor currently being developed by General Atomics (GA). The following description is taken from a General Atomics data sheet on this project: “General Atomics is performing an assessment of superconducting homopolar motors for ship propulsion as part of the U.S. Navy's quiet electric drive effort. Homopolar motors are simple in design and offer the potential for a large weight reduction when compared to conventional motors. Because there are no multipole components in the motor it is expected to be acoustically quiet enough to permit hard mounting directly to the ship's hull, thus greatly simplifying integration. In order for the homopolar motor to fully exploit the advantages of reduced size and weight, the field coils must be superconducting. The coils will be conduction cooled using compact reliable devices called cryocoolers, which do not require the use of bulk liquid cryogens. GA has developed and demonstrated the reliability of conduction-cooled
superconducting systems for the Navy under high shock and vibration environments that are suitable for full-scale homopolar motors The conceptual design of the 40,000 HP, 150 RPM motor was developed by the Naval Surface Warfare Center, Annapolis, MD, and is significantly smaller in diameter than any other kind of electric drive propulsion motor of equivalent speed and power, and is expected to have between 1.5% and 2% higher overall efficiency.”
The efficiency of an electric drive system depends upon a number of factors. Not least of these is the type of rectifier / inverter used, and how hard one has “pushed” the rating. For example, adding forced air cooling to some of the components will increase their rating as much as a third, but at lower efficiency. For a general-purpose efficiency estimate it is not unreasonable to expect electric drive to have a net system efficiency of 90%. This is the ratio between installed engine power and net delivered propeller power.
Motor------ Technology----- Weight----- Power----- kg/kW 
QE-2 -----Conventional AC----- 285 t----- 44 MW -----6.47
GEC /Alstom -----Conventional AC----- 230 t -----35 MW -----6.57
General Atomics----- Superconducting -----113 t------ 31 MW -----3.65
it appears reasonable to state that current technology motors are available at about 6.5 kW/tonne, and that future technology motors may become available at about 4kW/t. (The author has rounded the figure of 3.65 to 4 in order to reflect the developmental status of the motors. It would be unrealistic to use a prototype figure to three significant digits to represent a production unit that may be ten years away.)

Nuclear – Electric Propulsion
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Nuclear power has not been considered since the NS Savannah in the 1950s. The Savannah experience is complex and cannot be adequately summarized here. In
brief it was that the manning requirements, due to the high degree of training
required, and fearful port regulations impaired further development of nuclear
merchant ships. A new type of nuclear power plant has been recently proposed, designated the gas turbine modular helium reactor (GT-MHR). In this type of reactor the heat of reaction causes helium gas to expand. The helium is “blown” across a turbine
coupled to an electric alternator. Because of the balance of the reaction this type
of reactor is fail-safe: If left uncontrolled it will “wind down” to an idle mode.
The GT-MHR has suggested to several observers an application for shipboard
use. Indeed, a parallel CCDOTT project is studying the application of the GT
MHR to the FastShip Atlantic vessel.
Conceptually the GT-MHR is similar to a gas turbine, except for the existence of
a nuclear reactor instead of fuel burners, and the choice of a closed helium cycle,
resulting in a decrease in the compression ratio. Helium is heated by the nuclear
reaction and expands across the blades of the turbine. The helium is recondensed
and redelivered to the hot side of the reactor. The turning turbine produces
torque, and in some cases is directly coupled to a generator (within the containment shell)
 for direct delivery of electrical power
. [image: image15.png]




To further improve the thermal efficiency from that of a simple cycle, a heat
recuperator recovers residual energy from the turbines, reducing the reactor size,
while a precooler and an intercooler reduce the compression power demand. With
23 such characteristics, a nuclear power plant could achieve a 47.6% thermal efficiency
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Helium is the preferred working fluid for several reasons. This monatomic and
low-molecular-weight gas peaks in efficiency at a relatively low compression
ratio, imposing small mechanical loading on the turbine blades. It has a high
specific heat capacity, high gas constant and a relatively high thermal
conductivity, properties which make compact components possible. On the other
hand, its low density and high gas constant allow high flow rates without Mach
restrictions as in conventional turbines. Its inertness reduces radioactivity within
the turbomachinery. The main limitation of helium is cost.
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The conceptual container ship GT-MHR powerplant could be as depicted in
Figure 2. The plant depicted shows a configured envisaged for two-shaft
operation, with one reactor vessel (RV), and two power conversion vessels
(PCV). Both the RV and the PCV are located within a radiological containment
perimeter. The PCV would produce electric power, which would then be fed to
the ship’s propulsion motors. Container ship versions of this system would
probably utilize a single PCV, for a single shaft ship.The main attribute of a GTMHR,
provided that it has a low power or a low power density, is its capacity to
tolerate a full loss of coolant without core meltdown
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and the stability of the coolant. Safety resides in a microencapsulated
fuel that can retain fission products during such an accident, its capacity to
passively shut down the reactor if temperature increases (Doppler effect), and a
safety-related favorable core geometry. In the General Atomics GT-MHR, each
fuel element is a hexagonal-prismatic graphite matrix 0.8 m high and 0.3 m
between faces, with 3000 fuel compacts in 94 channels, plus 108 cooling
channels. The elements are arranged in an annular core with internal and external
reflectors. Each fuel compact is 5 cm high and 1.2 cm in diameter, and contains
hundreds of thousands of tiny refractory particles (615 μm), with uranium
encapsulated in several layers of porous carbon, silicon carbide and pyrolytic
carbon (TRISO). This fuel design has been proven at high temperatures for about
three decades, and tested to almost its theoretical burnup.
To remove fission heat, helium is injected to the RV at 7.1 MPa, from the PCV.
It ascends through the RV periphery, descends cooling the reactor core, and
returns to the PCV, expanding through the compression and power turbines. The
ICR cycle is used for a better thermal efficiency, and two compressors make up
for expansion and friction pressure drop. Power level control is provided by gas
pressure adjustment at nominal efficiency, and by a power turbine by-pass.
Figure 6 schematizes the gas flow for one of the GT-MHR modules as applied to
FastShip.
NUCLEAR FUEL CYCLE

The nuclear fuel cycle for typical light-water reactors is illustrated in Figure A1. The cycle

consists of "front end" steps that lead to the preparation of uranium for use as fuel for

reactor operation and "back end" steps that are necessary to safely manage, prepare, anddispose of the highly radioactive spent nuclear fuel. Chemical processing of the spent fuel material to recover the remaining fractions of fissionable products, 235U and 239Pu, for use in fresh fuel assemblies is technically feasible. Reprocessing of spent commercial-reactor nuclear fuel is not permitted in the US.

[image: image19.emf]
BENEFITS:-
· Less environmentally unfriendly emissions.

· Less noise.

· Higher thermal efficiency.

· Less space required per kW, so more revenues earning space.

· Less vibrations

· Comparable engine operation costs per kWh when calculated on through life costing.

· Less maintenance, less manning, less lubrication oil consumption, suitable for remote

· control and so for unmanned operations.

· More reliability with harshest climate.
The following types of ships may benefit from nuclear power.:-
·  Large container ships

·  Automobile carriers

·  Refrigerated cargo ships

·  Long distance passenger ships

·  Logistics support ships

·  Commercial submarines

·  Bulk cargo carriers
What happens if an atomic powered ship is in a collision or sinks?

Any collision or grounding is bad, but we can use the accidental experiments of the nuclear navies to show that they are no worse for nuclear powered ships. The cores of an atomic engine are carefully designed and constructed to prevent the release of radioactive material under all conditions and there are at least three barriers between the material and the environment. So far, there have been no measured radioactive material releases from the cores that are currently on the bottom of the ocean.
CURRENT MARKET SCENARIO


GT-MHRs, and nuclear reactors in general, experience significant economies of scale. Thus most development attention is focused on the deployment of large land-based power generation capabilities. This is in contrast to most alternative propulsion concepts where the problem of scaling up to ship size exists. In nuclear power we are challenged to scale down to ship size. In the USA the greatest advocate of the GT-MHR has been General Atomics Corp, in San Diego CA. General Atomics is, on a program parallel to the present one, developing a conceptual description of a GTMHR power plant for the FastShip Atlantic (FSA) cargo ship. This ship application requires about 250 MW total. The GA concept for the FSA application is a two-reactor plant, with two RV/PCV units operating in parallel. This is a fortuitous development decision as it allows the present project to use just one-half of this system for a conventional type container
ship. The weights for a complete GT-MHR powerplant, including propulsion motors, is given in Table 4. Added to that table is a column of comparable line item weights for a direct drive low speed diesel powerplant. Note that the diesel plant includes fuel for an estimate 6000 nm range. The nuclear fuel is included as well, but this is not so closely tied to a particular range.
What is surprising is that the nuclear plant is competitive in weight withthe diesel plant. And, in addition, it  produces 83% more power. In other words it has a substantially improved weight per MegaWatt as compared to the diesel. Of course, it shares this attribute with a gas turbine, which is also lighter than a diesel, but as will be explored later the nuclear plant has no additional fuel weight, whereas the gas turbine plant loses nearly all of its weight advantage due to an increase in the associated fuel weight.




FUEL CELL – ELECTRIC PROPULSION
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Fuel cells are an emerging technology. A fuel cell converts hydrogen fuel into electricity directly. There are no moving parts – the electricity is released when the hydrogen molecule is broken up. As such, a fuel cell may be thought of as an alternative to a diesel generator. It is indeed such an alternative, with the advantage of having no moving parts and a very high fuel conversion efficiency. The fuel cell reaction works only on the hydrogen in the fuel. When running a fuel cell with a hydrocarbon liquid fuel it is necessary to first reform the fuel into hydrogen and CO2. As part of or prior to the reformation, it is also vital to remove the sulfur from the fuel before it is used. This process represents an ancillary load on the cell, and requires additional space and weight. Also, the fuel cell reaction is chemically the same as combustion: Hydrogen is combined with oxygen and released as H2O vapor. Fuel cells thus have the same air intake and exhaust uptake requirements as combustion engines. They also produce waste heat, which is dissipated to cooling water. In all these senses the fuel cell is a direct replacement of a diesel generator. The advantages of fuel cells are that they lack moving parts, which implies reliability. This is only true, however, for the fuel cell itself. The fuel reformer will certainly be mechanically complex. As will be shown below fuel cells also
demonstrate high power density and high thermal efficiency. Use of fuel cells may potentially result in a reduction in plant weight, a reduction in plant complexity, and a negligible reduction in fuel consumption. These advantages may be enough to draw electric propulsion into the ranks of container ships.
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CURRENT MARKET SCENARIO

Norway is investing in environmental friendly technologies. The Westcon shipyard in Rogaland will start testing fuel cells in a couple of months.Use of fuel cells can reduce the climate gas emissions of maritime transport by 50 %. The gas-driven supply ship "Viking Lady", owned by the ship owner Eidesvik, will be the first test center in the world for use of fuel cells on board a merchant ship. "Viking Lady" is the third supply ship to be run on LNG (Liquid Natural Gas). The gas will also be fuel for the fuel cell that will produce 320 kw. That is sufficient to function as an auxiliary engine for electricity supply on board, but not to run the ship itself. The investment in fuel cells for ships represents an environmental revolution for the shipping industry. The Norwegian-German project "Fellowship" is a major step in a positive direction. The fuel cell will be connected to the power supply system and it will contribute to the running of the ship.
Most importantly, the research and experience made on "Viking Lady" will enable future use of fuel cells in the shipping industry. Project leader in Det Norske Veritas, Thomas Hebe Tronstad, believes fuel cells will be competitive in the future. - There is a still a lot of work to be done, but I am convinced that fuel cells is the power of the future, he says. In 100 years I doubt we will find many combustion engines on board Norwegian ships. It is the German company, MTU Onsite Energy, which has developed the fuel cell that will be tested. Fuel cells are already being used for redundant power supply on land. Using it on-shore in a static environment is very different from using it on board a ship in constant movement with sometimes rough weather conditions. Thomas Hebe Tronstad regards the adjustment of the current fuel cell technology to a marine environment, as one of the biggest challenges.
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CONCLUSION

·  There is no need for long intermediate shafts from the turbine, or diesel engine, to the      propeller shaft, thus increasing the space available for cargo or other machinery.

·  Also, unlike the conventional system, only the propulsion motor, not the machinery  driving it, has to be in line with the propeller shaft. This means that the machinery can     be lohere convenient and, particularly in the case of passenger ships, itallows for large open space areas in the middle of the ship.

·  Other than this these systems have high overall efficiency ,high power to weight

ratio, robustness, operating flexibility, increased maneuverability, reduced noise

and vibrations, Reduced maintenance and NOx emissions .
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