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1.
INTRODUCTION 


This paper will provide a general review of the potential applications of Hydrogen Fuel Cell applications to shipboard systems.  These systems will include propulsion power, ship service power, emergency power system, in-port power requirements and mission systems power requirements.  Additionally the paper will address the development of technical requirements for shipboard installations, testing requirements and survey requirements for through-life survey and maintenance.  
2.
BACKGROUND
From an environmental perspective, ship owners are very interested in the advantages of fuel cell power for meeting the goal of having a “Green Ship”.  However, the present day fuel cell will need to be modified for service on a ship and the marine environment.  The “Green Ship” issues generally relate to water pollution and air pollution and under IMO MARPOL Annex VI engine exhaust requirements governing Sox, NOx and CO2 are affecting the selection of shipboard electrical power generation.  American Bureau of Shipping (ABS) offers certification for compliance with the ABS Guide for the Class Notation Environmental Safety (ES).  ABS is a leading international classification society founded in 1862 that is devoted to promoting the security of life, property, and the marine environment primarily through the service of ship classification. ABS establishes and administers standards for the design, construction, and operational maintenance of ships and other marine structures.  The present goal of ABS is to work with the fuel cell industry, designers and shipbuilders to adopt fuel cell technology on ships and establish technical criteria for the integration of fuel cells on ships and survey requirements for through life operation.

3. 
FUEL CELL APPLICATIONS ON SHIPS
Since the early 2000s, the maritime industry has had a keen interest in using fuel cell power on ships with various demonstration projects  The demonstration projects included the installation of a fuel cell on a ferry with a limited operating range in calm water and also on submarines.  The shipbuilding industry has developed many proposals for demonstration projects for ship service and propulsion power but often due to funding availability the project has not been fully implemented.  The proposed designs included the replacement of diesel powered generators on a former Navy Oceanographic Surveillance ships, modification of a training ship and a harbor ferries for operations in a major California city. 
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Ship owners have shown interest in adopting fuel cell technology for ship’s electrical power requirements for the following areas:


1.
Ship Service – basically the power requirements for shipboard operating systems that include lighting, ventilation ,galley requirements, bridge and engine room control systems and miscellaneous shipboard operating systems that include HVAC, automation systems and communications systems. 


2.
Propulsion Systems – electrical propulsion power systems either AC or DC systems.  These power requirements are based on ship resistance, owner’s speed requirements (trading requirement) and efficiency of the propulsion system. 


3.
Emergency Power  requirements to provide emergency power for lighting, communication systems and miscellaneous power requirements that are considered necessary for restoring the main ship service and propulsion power.  Shipboard Emergency Power requirements are described in ABS Steel Vessel Rules (SVR) in Part 4 Chapter 8 Section2.  Which can be downloaded free from the ABS web site www.eagle.org. 

4 In-Port Power – the ship service power requirements for ships that are in-port are usually met by conventional ship’s diesel generators or shore power connections when pierside power is available.  However, port authorities and States are now concerned about the greenhouse gases from ship diesel generators or from land based power plants that provide power to ships.  The concern for Green House gases in port opens the door to shipboard fuel cell power as the alternative to operating conventional shipboard diesel generators or gas turbine generators.   One concept is for a ship to generate hydrogen during a voyage with excess power generated and then store the hydrogen for in-port use with a fuel cell power plant.  While the vessel is in port, it will rely on the fuel cell power to provide ship service needs without generating green house gases. 
5 Mission System Power – for unique mission systems with clean power requirements, a local fuel cell that is specifically designed for the power requirements of the system, may be the best solution to providing clean power in remote areas of the ship.


ABS has discussed concept designs of several fuel cell ships but as previously noted, none have been built.  For a harbor ferry on a set route, the designer was concerned about the availability of hydrogen fuel supply (pipeline infrastructure) to provide the fuel to a PEM fuel cell for the ship service and propulsion power needs and did not want to have the added weight of a reformer on the vessel.  The solution proposed was to install portable hydrogen fuel tanks that could be exchanged at the ferry terminal after a number of trips.  The empty fuel tank would be exchanged with full hydrogen tanks.  This interim design would eventually be replaced by a conventional land based refueling station utilizing a shore side hydrogen storage system or pipeline distribution system.  This ship was built with convention diesel power plant but the owner is still interested in adding a fuel cell power plant when fuel cells for marine applications have been fully vetted by the industry.  Another concept design proposed was to replace a diesel generator on an existing ship with molten carbonate fuel cell and a hydrogen reformer using fuel oil as the source of hydrogen.  Since this was an existing ship the hydrogen generator and storage tanks were initially designed to be located on the aft end of the ship and the fuel cell was located in the engine room area where the diesel generator was removed.  The locations were selected with consideration for hazardous area designations and the hydrogen fuel would be piped from the storage tank to the fuel cell. The fuel cell was designed to be in a separate compartment from the other diesel generators with separate ventilation systems and intrinsically safe equipment.  The fuel cell power would be integrated into the ships power systems and integrated into the power generated by remaining ships diesel generators.  The goal was to demonstrate the capability of integrating the power and to rely on the fuel cell for power requirements rather than diesel engine for ship service and propulsion power while underway.  The diesel generators would be taken off line and remain available for standby power after the fuel cell was brought on line.  We have also seen a concept fuel cell ship for a new construction project that would utilize a modified land based fuel cell to handle the ship motions and the marine environment but the project has not been fully funded at this time.  To summarize the safety concerns for shipboard fuel cells, the main issues are related to the location of the fuel cell, storage tanks and reformer as well as the piping of hydrogen between the fuel cell and storage tank or reformer.  
4.
DEVELOPMENT OF TECHNICAL REQUIREMENTS

The ABS approach to adopting new technology on ships is to work with owners, design agents, manufacturers, research organizations and government agencies to investigate the novel concepts and apply engineering principles using risk analysis techniques when necessary to develop initial requirements that could be the start of a Guide.  ABS has published guidance on “Novel Concepts” and “Risk Assessment” which can be downloaded from the ABS website.  Additionally, based on the initial inquiries about fuel cells installations on ships, ABS has drafted an outline for a “Guide for Fuel Cells on Ships”.  The next step is to develop a industry working groups that will effectively form a specialized committee of experts.  The general approach to rule development would apply to both commercial ships and naval ships.  The process is to investigate the current state of the art of fuel cell technology applications on land based systems and vehicles, review existing technical standards (ANSI, ASTM, NFPA, SAE, ISO and other FC standards from around the world), identify the unique challenges of shipboard applications, identify the risk and reliability issues and develop a Guide for Fuel Cells that provides a high level of safety.  The Guide will identify risks associated with specific types of fuel cells (PEM, Molten Carbonate and Others), hazardous area designation for the fuel cell, hydrogen storage and hydrogen generation.  Additionally, the need fore a failure mode and effects analysis will be considered for all operating scenarios include shock loading due to a collision or other impacts to the ship.  The safety analysis will look into the failure affects of all systems including piping systems and integration of FC power into the ships power distribution system.  As previously noted, the outline for the ABS Guide for Fuel Cells on Ships’ has been initially developed but until  an Ad Hoc committee  of experts is formed and additional research is completed on  shipboard demonstration systems, ABS will rely on Novel Concepts and Risk Analysis approaches to adopt this new technology on ships. . 

5. 
FC DEVELOPMENTS WORLDWIDE &THE WAY AHEAD

On the worldwide ship fuel cell applications, we have seen applications of fuel cell demonstrator ships and also applications to submarine power systems.  The European Union has sponsored a Fuel Cell on Ship (FC Ship) Research Project which includes various universities, shipping companies, manufacturers and classification societies.  Information about the EU FC Ship Project can be found on the internet www..FCship.com.  Additional research on Fuel Cell systems on ships is being carried out in Asian shipbuilding countries.  In general, research for shipboard fuel cell systems will focus on ship motion prediction and marine environment conditions while addressing risk and reliability issues.  Additionally, the owner will be concerned with the design life power requirements (generally ship systems are designed for a minimum 20 year life) and maintainability of the system.  From a safety of operation concerns, crew training will have to address the unique operational requirements and maintenance requirements that specifically address the particular fuel cell design.  The ABS Guide or Rules for Fuel Cell Systems will address basic design requirements, survey requirements during fabrication and testing (in plant and during installation on-board ship) and through life surveys to maintain ABS Classification. 


The key for future Fuel Cell applications on ships is Research and Development efforts along with demonstrator projects, similar to the European Union FC Ship project..  US Navy research funding has been moving along but additional funding may be necessay for a demonstrator project.  Hopefully we will see a cooperative research program that will include the fuel cell industry, marine industry, ABS, and government agencies that include the Dept. of Energy, Maritime Administration, US Coast Guard and the US Navy.
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