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first vehicle release of fuel cell Sweeper
30 kW liquid cooled fork lift truck  project start
fuel cell ZEMSHIPS launch
1998 2000 2002 2004 2006 2008
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Hydrogen
Tanks
(350 bar)

Redundancy-
three independent
power sources

Hydrogen

A4

HH Air

Bow thruster
(20 kw)

Electrical Energy >

Hydrogen >

HH Air

Wat%

Electrical Energy

Propulsion motor

(100 kW el.)
Energy
Manage-
ment
other
| load
A

Water )

<

Electrical Energy




1 ‘ 100

Voltage [V]/ Power [arbitrary units]

Current [arbitrary units]

Typical characteristics of voltage, power density, electrochem. efficiency h
(without peripherals) vs. current density

Efficiency [%]



Typical load characteristics on the Alster:

power / kW Battery is recharged by the Fuel
120 Cell in times of low power demand
100 a
Fast dynamics \\\
covered by batter |
80 / Y 1 Battery covers
peak loads

60

Propulsion Motor
N e e _Power

40 ] \/ Fuel Cell Power

l ~ Fuel Cell covers
2 \ [ main / average load

0

5 t / min

G 1 2 3 4
< Cruising speed > < Cruising speed

:> Hybrid approach combines the best of both worlds:
lower cost of battery with higher energy density of fuel cells




Power
electronics

Propulsion motor
100 kW

Bow thruster
20 kW



Proton Motor FC system
PM Basic A 50 maritime

Air in

(fi|tered) Communications

Hydrogen
in (5...7 bar)

DC out
560 V

Nitrogen
in (5...7 bar)

Air outlets (Ventilation
of FC box &reaction air)

Water outlet
Purging &
Security valve outlets

Auxilliary power supply:
24V DC and 400 V AC in

FC cooling
in / out



/ Cell Voltage Monitoring Units

H2 interfaces

Cooling &
/ cooling

Exhaust silencer & interface
Reaction air outlet

e
Power
interface
(DC out) \
Air — Ventilated fuel cell box,

compressor containing the FC stacks and
all H2 components
Air intake

The Fuel Cell system '\
PM Basic A 50 maritime Control box and control interfaces
is GL ,FC 100“ certified
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Peak power of fuel cell 48 KW
Rated power total system 40 kW ¢
Dynamics (min to rated power) <[0 sec
Peak efficiency (system) > 50 %
Stack operating temperature <|70°
Voltage output range (DC) 140 - 260 V
Current output range 4350 A
Total weight ca. 500 kg

Max. volume (L x W x H)

2200 x 1100 x 900 mm3,

customized variants possible through
different place ment of assemblies
(additional engineering necessary)

Max. ambient temperature during

- 40°
operation
Min. ambient temperature during 70
operation
Max ambient temperature in shut-off state 40°
Min ambient temperature in shut-off state 7°
Max inclination (to the side) 2p.5°
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Enable battery i
charging from Switch: %
grid (Service only, Emergency pc on/off/ FC status

extra key required) Shutdown  Refyeling display

%
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Suitable PM FC Systems
5 kW System 48 KW System

1. Private Boats 1€l
Available 2009 AW

a) Small, slow electrical boats W
<1 kW ...5 kw

Main power

b) Fast electrical boats (with small batt)

10-50 kW
Range Extender

(with large batt.)

c) Auxilliary electrical power for sailing yachts _
or main power

2. Passenger ships

Main power
a) Small electric passenger ships (with small Batt)
10-25 kW, usually in ecologically restricted areas or range extender
FCS Alsterwasser
b) Tourist ships 70-120 passengers Range :
30-100 kw, only few today electric Extender or Main power \l
APU

c) Large tourist ships ~ 250-500 passengers APU '(\EI)?Iens;rﬁ%trI?J power

200-500 kw, today mostly Diesel-hydraulic configuration)
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