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“Develop system solutionghat
make it possible to use current

fuel cell technology in ships”
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Developing & qualifying maritime fuel cell power glaages
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Project period: June 2007-June 2010
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FellowSHIP project participants

Ship Classification/Rules

Det Norske Veritas AS Risk analysis/Safety

Project Management

Shipping company
Eidesvik Offshore AS Offshore vessels

5 . MTU Onsite Energy GmbH Fuel Cell supplier, MCFC

Ship technical

Wartsila Ship Design AS
(Vik-Sandvik AS)

design office

Electro and control

Wartsila Norway AS systems supplier

Financial support: Research Council of Norway , Innovation Norway and the Eureka network
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Viking Lady — Gas powered Supply Vessel

Compared to a traditional, diesel powered (MDO), ship Viking Lady has reduced:
- NOx emissions by 180 tonnes per year

- SOx emissions are eliminated entirely

- CO2 emissions are reduced by 20 percent

The fuel cell pilot use the existing LNG supply system, reduction potential:

- Negligible NOx emissions
- COz2 emissions by 45 - 50 percent

Specifications:
Delivery: spring 2009
L:92.2m W: 21m D: 7.6m
Gross tonnage: 6100t
4 x 2010 kW dual-fuel engines
Class: DNV 1A1, Supply Vessel, DP
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Opportunities and obstacles

Low emissions
Good part-load performance

High electric and thermal
efficiency

No vibrations and insignificant
noise level

Low operating and
maintenance costs

Immature technology
High investment costs
Fuel requirements

Tolerance to fast load changes
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Fuel cell types

Fuel cell type Electrolyte Temperature Reactants
Proton exchange Polymer membrane 70-90 C H,, O,
membrane (PEM)

(PPhA(‘):Cp:;\oric 2o Phosphoric acid ~200 C H,, O,
l\l/\l/logle:ré)c arbonate Potassium carbonate  ~650 C H,, O,, CO
Solid oxide (SOFC) Zirconium ceramic 750-1100 C H,, O,, CO
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Fuel to power in a MCFC
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System integration
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Fuel cell integration in the electric propulsiors®m
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Rule development and classification
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Verified models for qualifying future system soars
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Test set-up on shore - summer 2009
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Stord, Norway, 8 September 2009

Power to grid; 3 December 2009

Branslecell ombord pa Viking Lady ‘t&
27 April 2010

© Det Norske Veritas AS. All rights reserved. 14 MANAGING RISK =200



Copenhagen, 617" December 2009

Objective

Present solutions to reduce
emissions from shipping:

1) Natural gas powered vessels

2) Fuel cells for further
reductions
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Operating experience after 5 months uptime

Frequent load changes - operation at reduced loads
- To avoid dual-fuel engines running on diesel

Fewer stops and smoother operation than for stationary plants

- Skilled crew

- Clean natural gas with high carbon-content
-+ 2?7

Crew reports; “barely notice it's presence”

Testing the next months:

- QA of system efficiency measurements

- Dynamics loading of power electronics and possibly fuel cell
- Thruster operation
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120 mA/cm2 - 331 kW - Gas flow in “Media Supply”
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120 mA/cm2 - 331 kW - Gas flow in “Hot Module”
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120 mA/cm2 - 331 kW — Power flow
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Concluding remarks

Successful first testing of fuel cell installation onboard a commercial
vessel

Fuel cells are a future option in hybrid arrangements

Likely first users: short sea shipping, local port traffic, commuting
services, auxiliary power while in port, cruise ships and gas carriers.

Increased use of gas will likely accelerate development of shipboard
fuel cells

Still a very expensive technology compared to gas engines
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Safeguarding life, property
and the environment
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