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ecologically “clean” power.

However, while many developments in the “alternative” fuels industry are aimed at
land based transportation systems, which reduce or eliminate some of the above referenced
30 problems in land vehicles, these same technologies and systems show great promise for
adaptation to the marine environment. For example, it is known that the most energy
efficient, vibration free and quiet method of propelling a large marine vessel is via an electric
motor. One additional advantage of some electric motors is that they may also be used as a
generator to produce electrical energy. For example, on some gas turbine powered aircraft

35 the starter motor reverts to a generator once the gas turbine engine has started.
For all of these systems, however, the single most significant obstacle facing
implementation, with the exception of the gasoline-fueled hybrid, is the absence of a national
retail “alternative” fueling infrastructure. Developing such an infrastructure would require
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In another embodiment, a method is provided so that the system may use electricity
for H,0 to H, conversion and other invention processes (e.g., water purification) from

30 multiple renewable and non-renewable sources.

In another embodiment of the invention, the system eliminates the trapped vapor
explosion danger of gasoline fueled power and propulsion systems by using solid state metal
hydride tanking technologies for H, storage whenever possible.

In another illustrative embodiment of the present invention a system is provided to

35 improve the efficiency of the system by recycling fuel cell waste heat and condensation of
steam exhaust for re-use by the electrolysis components.

In yet another embodiment the invention is directed to a method for the production and
utilization of H, onboard a marine vessel utilizing the systems described above.
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Preferred exanples of certain advantageous enbodi nents of the processes in
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FIG. 6 is a process flow chart of the principal process methods and steps according to
30 another illustrative embodiment of the invention in which the primary means of H, energy
conversion for non-propulsive power is provided by one or more fuel cells.

FIG. 7 is a process flow chart of the principal process methods and steps according to
another illustrative embodiment of the invention in which the primary means of H, energy
conversion for non-propulsive power is provided by a H, consuming internal combustion

35 engine which powers an electrical generator.



invention is shown in FIG 1. Water is obtained froma water source 12,
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enbodi mrent the water supply is in fluid communication with a pre-filter 14
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30 photoelectrolys1s device. A system may have one or more of the above devices and systems

may include a mix of these technologies.
The gaseous H, produced by the conversion device 18 is either directly utilized by the
onboard power plant(s)22, which is/are adapted to permit the H, gas to flow therein, or the
H, gas is stored in a tank 24 for later use by the power plant(s) 22, where the tank 24 is in
35 fluid communication with the conversion device 18 and the power plant 22. The H, can be
either directly stored in the tank 24, or it can be compressed by a compressor (not shown) and
stored, or compressed, liquified via a liquification system (not shown), and stored as liquid
hydrogen (LH,)or “slush” in the onboard tank 24. Storage tanks used may include any
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di styp but @@nend@ﬁboréh@power source 28 for use by the other power consumlng components of the
system may be utilized, such as, for example, a step-up transformer and an AC inverter.

The energy supplied via the power plant(s) 22 and the electrical source supply 28 may

be utilized immediately, either directly or after appropriate conditioning, or can be stored in

an energy storage device 32 in electrical communication with the power distribution device

35 30. The energy storage device 32 can utilize any known energy storage technology, such as,

for example, commercially available deep-cycle marine batteries or other efficient electrical

storage devices. There may be one or more of these energy storage devices 32, or any other

electrical energy storage technology in any embodiment of the invention. The energy storage
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The hydrogen produced in the conversion device 18 either directly or via a
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30 above. For example, electrical power plants 22 will derive propulsive power from the direct

conversion of H, by a fuel cell into electricity which in turn will power an electric propulsive
system 34 (e.g., electrical motor). The available electrical energy may be fed directly to the
electrical propulsive system 34 from the power plant 22 via the power distribution device 30
or may be fed to the propulsive system 34 from a energy storage device 32 such as a battery
35 or set of batteries via the power distribution device 30.

Mechanical power plants 22 will either directly drive propulsive systems 34 or by way
of transmissions (not shown). The power will come from conversion of fuel energy into
mechanical energy and then into propulsive energy.
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system 34 (e.g., electrical notor) via the power distribution device 30 to
nove the vessel. Schematics of several alternative enbodi nents of the
above i nweant/v@ssystem and method are depicted in Fl Gs. PCT@WST/25B43G 2
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fuel cell power use as |iary source of ship power for
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30 electrical generator 38 in electrical communication with the power distribution device 30.
This configuration also illustrates a fuel cell power plant 22a in use as an auxiliary source of
ship power for non-propulsive requirements in electrical communication with the power

- distribution device 30 and a heat exchanger 36 to provide a “closed H,O loop” system.

FIG. 4 shows a schematic representation of the invention components and method of

35 arrangement in a typical sail or power vessel whose primary means of H, energy conversion
is provided by a H, consuming internal combustion engine power plant 22 which powers an
alternator 39 in electrical communication with the power distribution device 30 and a
mechanical means of power transmission to one or more propulsive systems 34. This
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arrangenment in a typical sail or power vessel whose prinmary nmeans of power
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supply 28 atupenantips t}qﬁcaasem otpoRer oésselaﬁhotsepﬁdxap}aheanswagena@y eonvefigy and
W nad powere, gie ér%égllr_éls ptow {_grp?bllgddb U2 of %%%eefluc]lﬁﬂtpgwgf Pﬁﬁt(sf)eﬁtlﬁl %l?ct?ic jdual

mode" el ecttd ConVersion tevice or "eftrci aélnt 35
| ow power C@m@nw@n Witthihe powaddistndytiomdeyits Ih power conversion (when
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total nunber o onents on I ncreases t trical output of the
wat er dragilﬁjéh‘éi%lt@ﬂ"lcesﬁ nplifies operation and reduces system cost.

However, 5 t heW}H}éedﬂyl mhahs&zeaaﬁbcfdhraah@ﬁngmr& @k gatieopssenh fivenséd)al e
purpose Wa]g;[ree err (5 aRndai rJfllrleern;fllsobased on the embodiment shown in FIG. 2, in which a fuel cell
30 power plant 22 is utilized, in a sailing vessel, with several modifications. Metal hydride

hydrogen storage tank(s) 24 would be used to store the H, thus reducing tank storage volume

and the need for a compressor. The electrical source supply 28 would comprise a mixture of

on-board water drag, solar power and wind power generators. Preferably, this vessel would

also feature a “dual mode” electrolysis H,0-to-H, conversion device 18 to allow for efficient

35 low power conversion (while underway) and high power conversion (when connected to
shore power) operation. ‘

Most current water drag generators are single purpose stand alone systems. The water

drag generators utilized in the electrical source supply 28 of the preferred embodiment, would
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are the preferred configuration and anticipates the optim zation and
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Viat er maken &S alil ﬁ%ng(g’arﬁ).uﬁﬁél}fely\éﬁi%fency is conservatively estimated at 50% when it may
be much higher.

If the vessel were a new build, even using compressed H,, one could store more than
the 100 gallons illustrated herein and increase the useful range.
30 By changing the storage technology to metal hydrides, current metal hydride tank
technology would reduce the required volume for the same amount of H, by weight by 50%.
Using metal hydride tanks would also reduce the energy required to compress the H,. This
would reduced the kW of energy per hour of production from the illustrated figure of 7.5 kW
to approximately 2-3 kW per hour of electrolysis. However, using a metal hydride tank
35 technology would increase system weight and complexity since a source of heat energy is
required by metal hydrides to disassociate hydrogen for use. The use of metal hydrides may
also require a small tank of compressed H, for immediate fuel cell or other power plant use.
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mast (s), ¢n deck, and covering XS E55%% HdY es with transparent PV

fil nPOmateri als. The wi nd generators wpdbtWrount on radar nasts if
avai l"abl e,[—anmd—poussity enbedded—™n supeTrstTucture for—effitcremt—h gh
speed use.| This vessel woul d aR%tBOfgaﬁEﬂdéméonﬂéﬂ}gl node" H2Ot o- H2

conversion device 18 to allow fono Stahﬂarbl\@Lfb?dE&?Bg PCT/ USO1/ 25843 1
ef fi ci ent ffrowpower—ctonversion \vvm Feumderway)—amd—rgh—power——convers) on
(when connected to shore power) opER&IO |dﬁ e data in Table 2 reflects
t he oper atfi ng characteristics of a nerbhrsld 30 Iong, 5 hydr odynam cal |y
ef f ilgi ent, ’
CONMEr Ci aIIy avai | abl e non- opt H?fgé o8 Hl .‘m]Ft is assurred by th| s
exanple that a fossil fueled ver8§2d<rW\@Glijdeqw re 550 horsepower nounted

internall)mwm?m to
the vol umgtric equival ent BpelLedRpwes(ognersionofStored Ko yned that a 410 kw

fuel cell |is onboard. Fuel cell efficilehgWis conservatively estimated

Running Time Provided by Stored H,
10 hrs @ 18.64 kW/hr usage

Speed Through Water @ Maximum Load
5.5 knots

Range Provided by Stored H, @ Maximum Load
25 57 nautical miles

20

In an additional preferred embodiment, a power boat or ship would be based on the
embodiment illustrated in FIG. 2, utilizing a fuel cell power plant 22, with several
modifications. Metal hydride hydrogen storage tank(s) 24 would be used to store the H,thus

30 reducing tank storage volume and the need for a compressor. Instead of a single purpose
motor and separate water drag generator for use as an electrical supply source 28, as
previously mentioned, a dual use motor/water drag generator electrical supply source 28
would be employed. The preferred embodiment would also make extensive use of “built in”
solar power and wind power electrical supply sources 28. Photo voltaic materials would be

35 installed along the hull, on the superstructure, on the mast(s), on deck, and covering windows
or portholes with transparent PV film materials. The wind generators would mount on radar
masts if available, and possibly embedded in the superstructure for efficient high speed use.
This vessel would also feature a “dual mode” H,O-to-H, conversion device 18 to allow for
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10 at 50% when it may be rmuch higher. By changing the storage technol ogy to
nmetal hydrides, current netal hydride tank technol ogy woul d reduce the
requi red wobunesd or the sane anmount of H2 by wei ght by 50P€T/UREI/25843MEL
hydri de tanks woul d al so reduce the energy required to conpress the H2 this
woul d reduced the kWof energy per hour of production fromthe illustrated
figure of 30 kW15 to approximately 8-12 kW per hour of electrolysis.

However, agficleCloss pawRf @¥h@isiby . (whslk NehdeAvdBtald Righ! poicert edtiversRANROhATY

woul d i ncrease syst conplexity by requiring an additional-
source of RBAFC t8P§9fe£88% qugﬁgﬁ %11y a small tank of conpressed H2 for

i mmedi at e use. Th:e daga gx Pakde deflévat thelvipsraiing eharaderistics lof alnsw hmldu%fé’dloag, a
source of t
H}B hﬁ& ?ﬁd?&i’é’eﬁxgh%ﬁ %&vérﬂoaﬁq{éh%”ﬂ &le’é’bsfeﬁ t§ 5@0@'%@1 ng he

pr oﬁul sive ' po r an ne as ervi ce sup
needs of tcpgemiftr?laﬂmavm cehon-op{Hazed FRMpANFETS- Eo%%?‘&n?fbh)é ls F"éﬁ%ﬁ?lF
Tabl e 2. Zbssiifaclad vasioh woaldrgiies 0foiseOveiosanabiaternaliynoltie hafl. F’nadamzt

Wat er Co t P

30 110 SR ARk Fﬁﬁs’néw?ﬁ a0 Y BORIRLs, i A Bl ‘mour
160 St andassinGglshet ﬂiblétkwif%elw qnboardl Fuatsalt e@Biengy & COEﬁ@W@}WeREQmeM to
Fill, Tank atg@%wgenklwn@jge&;n& her- 11 WO 02/ 16289 PCT/ US01/ 25843 1 Anpunt

oot et o CHI=S e ety o e ok kel LA B
Conver si onediholsigy vethidH2duddxh regbved Vil Rove fomitye JamearRount iofl Hgib)bwe@h’oln}eﬁ)w 6
hrs @410 Tfs\ﬁ{é.'fne{é? #98ride tanks would also reduce the energy required to compress the H, this
would reduced the kW of energy per hour of production from the illustrated figure of 30 kW
15 to approximately 8-12 kW per hour of electrolysis. However, as discussed previously, using
a metal hydride tank technology would increase system weight and complexity by requiring
an additional source of heat energy and potentially a small tank of compressed H, for
immediate use. | '
[tis expected that this invention will also be used as a source of non-propulsion power
20 both in conjunction with its use for propulsive power and alone as a Ship Service Generator
(SSG) supplying the needs of traditional “Hotel Loads” and other onboard power
requirements.

Table 2.
25 Operational Parameters for 30' Powerboat

Amount of Product Water Consumed
1,420 L

Hours of RO Watermaker Operation to Purify Water
110 hrs.

RO Watermaker Energy Use
10.59 kW

Rate of H, Production/hour
160 Standard Cubic Feet

35 ' Time to Fill Tank
' 355 hrs.

Energy Required to Fill Tank
10,654 kW @ 7.5 kW/hr

30
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Speed Through Water @ Maxi mum Load 35 knots 15 Range Provi ded by Stored H2
@ Mbaxi mum Load 206 nautical mles The data in Table 3 reflects the

operati ngv@hzataet eri stics of a Ship Service Generator SyBCEUSG/2Z8t for a
30" long boat using H2 conpressed to 5000 psi and comrercially avail able
20 non-optim zed conponents. It is assuned by this exanple that a 2 kW
capacity for non propul sion use is adequate. Fuel tank capacity is |imted

in this exanpteto thevotrunetTic vatent .of 20 gatrtons. 1t 175 asguned

that a 20|kWfuel cell is OMPfE%BPCtC fier Gppsusiedney s conservatilvel y

estimated|at 70% 25 Table 3. Operati 0a2@&r aneters for SSG on 30" Boat

Anmount of Prodoct—Vater-Consgned 92 t-30 Hours of- R
G5 Py

Yatrermaker —Operatji on
to RPurify|Water 7.15 1S Fraken ORsTatiQR foJat Waé@r kW Hydrogen (H,)

TanR Size|35 20 gal = Capacity @5, 0001 pshes. 25,754 L -12 WO 02/ 16289

PCT/ US01/ %MW nount
of Produc{ Water Consuned 5 92 o XAt Er maker Operation to Rurify

Water 7.15 hrs. RO \Waternaker Energy0ldi9&«W10 0.69 kW Hydrogen (H2) Tank

Size 20 WWWWWWW&HWF‘?B
his. J uel Cell Power Conversion of Stored H,

10 2,415 kW

Running Time Provided by Stored H,
6 hrs @ 410 kW/hr usage

Speed Through Water @ Maximum Load
35 knots

15 Range Provided by Stored H, @ Maximum Load
' 206 nautical miles

The data in Table 3 reflects the operating characteristics of a Ship Service Generator
system sized for a 30° long boat using H,compressed to 5000 psi and commercially available
20 non-optimized components. It is assumed by this example that a 2 kW capacity for non-
propulsion use is adequate. Fuel tank capacity is limited in this example to the volumetric
equivalent of 20 gallons. Itis assumed that a 20 kW fuel cell is onboard. Fuel cell efficiency

is conservatively estimated at 70%.

2 Table 3.

Operation Parameters for SSG on 30' Boat

Amount of Product Wafer Consumed
92L

30 Hours of RO Watermaker Operation to Purify Water
7.15 hrs.

RO Watermaker Energy Use
0.69 kW
Hydrogen (H,) Tank Size

35 20 gal
Capacity @ 5,000 psi.
25,754 L
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Energy Required to Fill Tank 170 kW@ 75 kW hr 20 Fuel Cell Power
Conversion of Stored H2 54 kwh Running Tinme Provided by Stored H2 27 his
@2 kwh/ woourages 25 As di scussed above, using netal hydriBeTwankss4soul d

al so reduce the energy required to conpress the H2 this would reduced the
kW of energy per hour of production fromthe illustrated figure of 7.5 kW
to dpproximately 2-3 kWper hour of electrolysis. However, as discussed

previ ousl y;,Usiniga metal_hydride [aglﬁ‘ ;e@hnoi 0gy would T Nncrease system
wei ght anpd conplexity by requiring bl&idi ti onal source of heat ener gy and
potentiallfy a small tank Opératibn PanpmetesefdriS8G on 30Bexti at e use. An
il lustratifve exanmptreof the avera NON- AT0PUtST Ve energy usage and
proquctiofn for a 30" sail b(%{m"a{]itggﬁ’ﬁf’ﬁﬂ?ﬁ&ﬁngﬂﬂm is shown in Tablle 4,
below. It |will be realized that these92dl ues are only neant to be a rjpugh
cal cul ati gmfora stangard v t—contal Qi Ng..TNe —egui.pment T sSted and| i s
not nmeant [to confine th&YS Qfﬁiaﬁfatﬁﬁl@&%%%fﬁ?mfwﬁ? 2P anyway. 35 [One
skilled in the art would be able to callglisate a sim | ar power usage chlart
for any vgsse OSTTT0 e TTET o0 "SITOWT - 13- WO 02/ 16289 PCI C 75843 1
Tabl e 4 S¢hedul e of Power Consti & V8 Production for a 30
Sai'l1 oat % Onboard Power Consunption E&G2kpvrent Current in Hours of Totfal
A A A Fd
SRy T TR Hydrogen (M) TankSize U
................................ 20gal. . ....... ... ... ..
T T T e T ATTCH | i ght
120 20 .o Rate of H, Productionhour S
S 1132 L. . Tri-coljor
S5—10—1

e TimetoFill Tank |
................................. 23.hrs.. .
......................................... o ... Runmng Hj ghts
210 20 . oo Energy Required to Fill Tank =~ ’
................................. 170kW@75kWhr. ............ 10 Bilgel punp
50.25 1. 35— T L T

20 - - - ‘D _______________ Fuel Cell Power Conversion of Stored H,
..................................... S4kwh ................. VHF - receive
0.5. 10.% V77— T e T e o T ~
........................... Running TimeProvided by Stored 1,  ~ ~ vHF -
transmt 4.5. 0.07 0.315 ...... 27.hrs @ 2 kwh/hr usage.
o '2'5 """"" As discussed above, using metal hydridetanks would also reduce the énergy required

to compress the H, this would reduced the kW of energy per hour of production from the
illustrated figure of 7.5 kW to approximately 2-3 kW per hour of electrolysis. However, as
discussed previously, using a metal hydride tank technology would increase system weight
and complexity by requiring an additional source of heat energy and potentially a small tank
of compressed H, for immediate use.

30 An illustrative example of the average non-propulsive energy usage and production
for a 30" sailboat at anchor and underway is shown in Table 4, below. It will be realized that
these values are only meant to be a rough calculation for a standard vessel containing the
equipment listed and is not meant to confine the scope of the current invention in anyway.

35 One skilled in the art would be able to calculate a similar power usage chart for any vessel

using the method shown.
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Loran C 1.5. 3 4.5 . . . . . .

U WOOZIGESY s PCT/USRETARS3 12. 2
24 :

. 4....... sSBradio -receive 0.1. 4 0.4 ..o
""""""" 15 SSB radip -transmi 1220607 o ga T
BERERERY Sehedtic S BN oniifinption and Onboard Production |
.................................. for.amésgihbcmounder 0.4. 1.5 0.6

SR EEEES RN Onbeard Power Consumption. - - - - - - .. .. ... ..

.................. Curre.nt 1n . Hours .Of . Total 2\
e B S T I RIS S S R jpressure
Y\/at er 2.8 AI?EO%%OE&B% hl ............. 24 ............ g
R 006Elb8tr|c ..............
ot 1 ger alGRBRR TR S i O T R S 7 S
S Cabin light.25w . .. . ... 2.1 3 6.3
L2 Marine steres -~ B M S A P S N Cr oY e
50 B P e I S P 578 g 025 ...........
*
......... Elrlcreﬁ'leratorh RS S 757 R ﬁ..f..ee....mk.er
42. 0.04 1264 e R N SO0 .
......... Microwave® ittt D e 03 e HAP Y dryer
750w 63. Qo malgp* i 420004 E Lesg ... ).
......... Hair dryer 750w T TR U004 T 2% Bl ender
63, o8, 01 MIRaa T s T e e 8F 63d ....................
......... . *4 .0:. -
processor,.léfgogf%g FoB0: 68 v ot W R 1%’8" .......................
SOOI (€21 S A C 10 MO MRS 3 DA A DD 'Y VAN O
)* 51 2 1QVCR* 1L75: 2 . . 1. R
e L4tdull® oo 2:...01. .08, 1.2ol or TV
T T e s i B grg—
SR B ST 2 e %
,3. 5 ...... Watermal(er ................... 8 ........ 3 e 2 XGR*EL ?5 2
' Electrolyser 7.5kW 500 24 12000
(May require an AC inverter)
Total Energy Use/day: 12,2°77.9 Amp Hrs. 147.3 kWH
35 Electrolyser Power Use: 12,000.00Amp Hrs. 144.0 kWH
"""" Other Power Use: 277.9 Amp. Hrs. 3.3kWH

Onboard Power Production

Anchored

Onboard Power Production

___Underway
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..................................... 30 750 CFM fan* 1.1. 3 3.3

1
.......................... Solar Panels] 1.7 eW@NPUTET . . RfarPageld| 1.2 KWH
R @x 10wy X 20W o coer |
324 ... ... Wind Power| 2.8 kWH Wind Power| 1.4 kWH
to e (2.x7.6A@15kaots){. . . ...} ..., Cx16A@15)| . ... ..
El ectrol ymmmrg JBY) IVeHUI [ € an PA/RIoV VAE Drag PUE kWeT Py
Use ay: 1§ : - TBro P 40KWH: Total Production| 4.0 KWH
""""""""""" Standard Hotel Load|-3.3 kWH: | - - - - - Standard-Hotel-Load{ 3:3 kWH: | - -
B ect r ol yber—Power—use L 3obRgupgion] 0.7 AWH L, o (ppmxcess Production] 1:1 X WH

o L a-proton exchange membrane (REM) fuel cellin every instanes. -The invention mrg make use

e ST C ot e e Tt g e e e e e e e e e her Power
Use: :: 27Pf§hkpConspning fugl CeliigglinolgeXar o Power Production Onboard Power -
Producti on Andluothegforlchadigy avshsimplicity We pdenté280tiR0s dessiib¢ @B @O BokwiallPanel s
1.2 kWH Sql. & 209 : o Mo - VH
i Poner S R LA S e e R
kw%snotww&rwn tschpolegy waihqontigiep ippeys s Srat upPlierR ﬁ?ﬁ?r tp"ﬁwe {55on
4.0 Stoprighared fhiodselin ﬂ&gﬂeﬁnﬁn{{éﬂﬂoﬁl Spebifi chlliiothe inventdsh ahtiBipsidittloadess Pr o
uction 0.7 Exgess. Product | 1. . Cl ar ' | Gl e
present i i SIGRTEReh SERP SOt Frutionbabiol sRpl o bWy bl
exchange mettncamesrgipERgstdnewhickeatie optimésed fgr usewith rryeWallleenergy supplioiourrgs. make
use of ancHRv&GRiIBA YRtiBGatty Blat S6thb cbREANA 29 YnayRilet BRI motObr floRE kan ded
sinplicity the present. invention is del\scrl bed t h cgamnfrm al l(?/ av%l abl e
wat gy, conVEPETIRT daiFD AETTERIOLEY: pRe iy P PRRELER i ST BEdE I Y s
t hat” wat erfor dss witinshersponertand loffifetiog righel dates ofiproduetiano | nprove and t hat
suppliers will [ ' opt L7k e | e:.p :
i nvention. Specif] gla Fg%?%hea?%\%ggﬁq%lhﬁgﬁf?g Egetszgg ltnhéehtg _vgng(%élg?@%iwé |y
ef ficient commgiciallyayailablesieneviphle pnaah vemly serresps LomeesRdt Iatishnisd that
el ectr g: y Slighifiss@t ﬁﬁp@f)&mﬁ@ vl lﬁ}fsﬁﬁmm@ i thekey RBEWBIZ elbcrionl prdeustionh
renewabl e .energy. su squr.ces. e _inventiaon_ antici pates that so
conbisgur att?%ﬁggé’he? ﬁgg%d‘dgr RILITS oti;e Lg 10?]%[% C8ﬁegf%?f%c\fglhe\§%ra§fl gﬁ%agj &vice or
t echnol og\effiaemyfaiithd pasqpoweentaord | ow rat es of production, the other
For the purposes of clarity, these examples only illustrate hydrogen production with
electrical energy provided by utility shore power. A unique feature of this invention is the
ability to partially replenish expended H, or LH, or “slush” supplies while underway.

Sailboats or motor-sail boats and sailing ships could produce more “slush,” H, or LH, than

30 consumed if traveling in sunny and windy conditions. H, can also be produced exclusively
by using renewable energy systems or in combination with energy provided by these
renewable components, which would reduce the cost of such H, accordingly. This is
accomplished by operation of the conversion equipment while at anchor or while tied to a

3 dock (with or without shore power) using the power supplied by the electrical supply

source(s). It should also be noted that the actual range of any vessel equipped with the
present invention would be extended to the extent that the renewable electrical supply source
while underway provides for the non-propulsion requirements of the vessel avoiding the

consumption of H, for that purpose.
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for use with shore power and offering higher rates of production. Further
yet, for clarity and sinplicity the present invention is described with
comer ci aVo0y2/so289 | abl e renewabl e energy supply sources. HP@BRVEI1/25B43 | S
anticipated that significant inprovenents will be forthcomng in the key
renewabl e el ectrical production 25 technol ogies which will inprove the
practicality, cost effectiveness and total system efficiency of the

present | nvent I Dlibexﬁmbletsbﬁoﬁuﬁﬂﬁ§@§ﬂ1@£ﬂ&ﬂa@ém&ﬁély ﬂlbﬁﬁe@wemmh@% wan b¥come

[ h
Shor e, powst Mt PR RaLPEeite RraSRGUt BoRRS: PlisSiiin fRy wpulibed 'Y
partial | y omegyaotenitiabnpiiide sessdl ineludipg: governsiens esselsispth asmilitary evatarckafinay .

Sai | boat s Qb ABh&Y, o%édnllc FE%@éréh @«E'.s‘éel%alaw HMorRBinbR RIS sRALHEE GesBBY FessSkUsh,
H2 LH2 than 3 nsumed 1 f Pve1|n unny and w ndy conditions. H2

can al so HEEORIR S Péx?}}VEF@W’éW clggn- HElb%tSl/Z]%lﬁ%v@é%F EOTBRISF3] VoSS O o i
Comlj:j nat |d opaswdgér tEBPEYs, Pty bdﬁtﬂtxb@fuisb@l&ps fémae,\m@dt@ t@aﬁp@ﬂmﬁt\l&ssel&hpzﬁb/
WOu re

oot ot oo 58 AR bodl kSRR bR T Sk ASEAIR RSB

dock (wit rplban@vpth%btﬂksmm@s,p@%rgll uguwrgkism@ogbb@ats slighing eeksdly andaéupport

el ecty i cal (pRdéRRding &%1 fééwr?ﬁﬂﬁﬂss etd.; =BRHichaRlbSRks b@cﬁ%%v&eﬁl%aﬂs% et al

f b ded
oM A N TR T U A AT G e ai
provi des fser, lakeantomvey nopink siebinlesequi renent s of the vessel avoiding the

consunption of g Jl@rﬁﬁﬁt?@f the Fl{)}pﬁétﬁs and]tﬁe ngQﬁlféa%? oﬁg (Hﬁggl{e%@%ﬁ shojwnThe

exanpl es set out ¥¥
wi 11" becorand dstsyibsin wlstissle Serpliietpnd enerall ssmpolig mémnqreepﬁr\ﬂpﬂ@teﬁqﬁwna

di sclosur edetalRiafd pyairRIBriMRY adigal %béﬂa’u@@ﬂ‘e a@ﬂla@mma%m k@dhob@dkillddITR therss el
suc tary watercraft, 5 submarines,

i ncl udi ng overn vessel.s

oceani c re\ggké};eéﬂe{}rg%ﬂx&cgnvqnéw%lﬁ%ercés %éﬁ‘lrpvé%sém s, search & rescue vessel S,
har bor pilot ships, environnental clean-up boats/ships,,etc.; comer ci al
vessel s, such as passenger transports, water bus/tax, cruise ships,
ferries, charter boats, scenic vessels, party boats, scuba-diving boats,
cargo transports, container ships, coastal freighters, .auto carriers, oi
and gf her bulk carriers, tugs, oil rig work/support boats, fishing vessels
and support 10 (processing and factory) ships, etc.; recreational boats,
such as power boats 15 feet and greater, small watercraft |ess than 15
feet (JetSkis, SeaDoo, etc.), sail boats, etc.; and all other sea, |ake
and river marine vehicles. The el enents of the apparatus and the general
features of the components are shown and described in relatively
sinplified and generally synbolic manner. Appropriate structural 15
detaig s and paraneters for actual operation are avail able and known to
those skilled in the art wth respect to the conventional aspects of the
process. 20 25 30

30

35
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35 -16 WD 02/16289 PCT/ US01/25843 1 WHAT IS CLAIMED IS: 1. A systemfor
the production and utilization of hydrogen in marine applications 5

conpri si Mo ox1@eur ce of water; a source of electrical poweCT/USONEBESr t O
hydr ogen converter for converting said water into hydrogen gas and oxygen
gas, said converter in fluid communication with said water source and in
electrical 10 comrunication with said electrical power source; a hydrogen
power plamyHAT f$ L AIMEDNRI cation with said converter for converting said
hydrogen gas into utilizable energy; and a power distribution device in

el ectrical comunication with the electrical power source, the converter,
and t he power pl.ant .A $gstam fofitke rsgduction fwtutilizetign efdiydtogeminamatingtapplicagionsn of
hydrogen d&%&msgl%d inclaim 1, wherein the source of water further

co i ses: a source of un urified water; a water purifier for purifying

sai d unpurifi ed® SRELOLWANT ui d conmuni cation with said unpurified water
source and i n el sukdd dfalecatuhpoweat i on Wi th said power distribution devi ce

OISR L Y S g dlaeaﬁvéﬁlhg A REi0 ALl kD o

inclaim1l1, fur ensoraedew
and an outgast saidhegmsiertert e fluich|cemmuniqga omlwﬂu s@i nwat@r satfcg nang tIh elegtwical

convgyter c’bﬂﬁnﬁlh@at%t\bl‘ﬁ{sd1c$e1'e&rfbéllﬁo‘dve§%ﬁfw“ cation V\Hh the hydrogen power
pl an]t 4. The S%ﬁ mfor the E[)nitlodﬂctlon and l,futlll n of gé@ gen .
described in cl Toga ROWeE planf It 1T ﬁBH%‘FHif”&H%‘ C%QVSFt WG or
storing trmichhgeir@enpgaeduoadhmblmnekgasndone of the power pl ants and the
el ectrical po get

e Pﬁ%{f &?mbﬁﬁé&’gl Aed eléétﬁéa"igew i &@Oh[ﬁqe S% idchid Al power

comuni cati on ower ution stem

product i orﬁoam»ﬁbﬁucpn%ier,&ﬁ e PRV GBS described in claim 1, further

conpy4 si ng: 30 a wat Elie Q@Qﬁﬂi@ﬁtﬁec’pﬂdﬁd@ﬁw agl @flizatibedf hydrddeniddscpibbarindlaiat i on
w th'the V\fi ource %n% WA %%ﬁherc i n 1fel uid communication with the
converter. 6" e"ifh y?%r% ffor T pro(c)lmg{?gh and utilization of hydrogen
descri bed i n clasavrcelof vngntified welehpri si ng a propul si on device for providing

notive force th\?vE't%r [ﬁé?%r\ﬁl%%ﬁh said &h H’fe‘a%téfhﬁ’ﬂuﬁ?é&rﬁﬁmhéhtﬁ)h%ﬂféaﬁﬁ'
conmuni cati on power, . di’st rlsagutl on devi ce, stemfor the

pr oduct i orPné’HHWE‘ﬁ WF‘YGE%&WTWHHFH elscirieR) srmpeeicahigryith ﬁalé PayVR, di I szrlg\mk@r VIEet he
o purifier 3s a Tievsgstea bsthegirsdustdeandutilizitien of iy ded gemtdesceibed in claim

C 0 rmu ni cat f, (%Hrthé’fn ctoﬁli)trﬂﬁqua%o &'nssttcrrb&u&év%g lggﬂfgqa?l infet 4nd an outlet, wherein the
inlet is in fluid communication with the converter and the outlet is in fluid communication
with the hydrogen power plant.

4. The system for the production and utilization of hydrogen described in claim
25 1, further comprising an energy storage device for storing the energy produced by at least one
of the power plants and the electrical power source, said energy storage device in electrical
communication with the power distribution device.
5. The system for the production and utilization of hydrogen described in claim
1, further comprising: ‘
30 a water storage tank having an inlet in fluid communication with the water source and
an outlet in fluid communication with the converter.
6. The system for the production and utilization of hydrogen described in claim
1, further comprising a propulsion device for providing motive force to the marine vessel,
said propulsion device in electrical communication with the power distribution device.
35 7. The system for the production and utilization of hydrogen described in claim
2, wherein the water purifier is a reverse osmosis water purifier in electrical communication
with the power distribution device.
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WO 02/ 16289 PCT/ US01/ 25843 1 8. The systemfor the production and
utilization of hydrogen described in claim 2, further conprising a
pre-filtavoadapsed to all ow water to pass therethrough poBCTHUSHEE843bet ween
the source of unpurified water and the water purifier. 5 9. The systemfor
the production and utilization of hydrogen described in claim 1, wherein
the mater to hydrogen converter is an electrolyzer. 10. The systemfor the

plr Oduct: on and giti | Ilzladsy@mnpifor meqﬁ@cg@ﬂoﬂa&mﬁtﬂﬁadctm 6f 18ldedgBn d9scribbe irfdlsint he
electro Yy one of C a

ol ot 1 ol 3 Ao ut e utsi 4 BT Rest a3y el vt kS Hior Rbuged pS5oned
hydr ogen dwbwedntibe souced llllmurlﬁedwatamadélem&ttﬁqom\éleer to hydrogen converter
andasu'?}“ ti phot ag phorw%@mﬂ il bcﬁﬁtloﬁznd &hfzaﬁm%{npd}@entde%rmé@ﬁftqalhpn

lization, of h ndesc In g?:g erein the water
hydr ogen comtherain fhe; Watgr Y@Fogﬁﬁﬁﬂmﬁéitﬁrﬁr’i‘&te frelEfocheni cal cell. 13. The
system for the Y odutd systeanfdr theiprodi@tion anditilirytis0 gy ddaeadeseibed ih dhiai m

1, wherein, %%{e‘%@{}%reléc%ﬁg%{@g of ety (Ejpeifdtd)ﬁdeaelfé?f% 172 fhlﬁa?éc}éa% Xl%l:fg%l 2%{' bed

15 14. The’ I on an
inclaim 3, V\,h7e1r ei nl wsmufoéé@mr@dt@h@g@ndﬁwé@on @ﬁlmd@ge@dﬁwrubg@m @alm

CONMpPI,eSSor], aiéran SHeok@s€iotlddkogen %%veﬁ@ﬁs%ﬁlﬁﬁh&@ﬁ ph&@clperngeal(ateme and
utlrrlpllozatlon of dr en des ei,n th e.tank is
2 composi Lo tane 16T fﬂ%%ci‘wf hee wi o i R R B
hydrogen de sderdie thel wnateﬂ taihydrd2@en 8onwetier slalmmﬂuéoaaﬂfga;i@homa}ektrmcﬂaemlcmktdl
hydride tank. 1ja Th?és\)/@{eﬁ{?& ﬂfeﬁ) %cﬂ&?él&iﬁ%til&@ﬁ&i‘&'flﬂﬂdk rggﬁ%éc%e nb&éﬁﬁ{ ogen

described in _claim on nano ank.
18. The sy]stV@}W@f”@)Fhet‘ﬁ@efpthﬁ’G&ge%ﬁo%‘f?éltemslalHh?&eieéﬁobfﬁlshifﬁ#cégen descri bed in

?:: 3|u llryf | ggtg wherej.n thie dyytéﬁpm_erﬂlgqir@u@ﬁ@n dﬁiﬁhtﬂitaﬁbﬁ Ml@l’dr&gém@lé@,c&@éd th Clalm

e 429 Sy nk}; he production and_ util] t|on
of hydrogen escrllb g r(ﬁgeglsgjr?ﬁe dfé’ ce\ﬂ% eélcRmpH%essatchr%%ss?r Séorﬁg?/
i nsul at ed conpoki-t e Thadystegofor m@r@@tlemﬁdjmltzh‘@omﬂmdmgenrde@;ml@edlm dlaumatu on
of hydrogeyy, q@g&qﬁg@@tdr é)ﬂaﬂk[gaékﬁ, oshetgkn the storage tank |s a sl ush

storage tank. 2 S st roduction . and. utiliz dr ogen
described in cl %’ eW%F &er?r?‘ﬁ@ﬁ wilzgiionefhydrogsy %Crli ‘5%‘

el ecfy i cal3 d'&mramthe&?oragémnlsm estat hydrideaark. oduct| on and utilization of
hydrogen descriped i Enﬁ S a
sol ar furnace sf):am E%CU em ff%the &IU%hQ? t @%ﬂ 619}@%%%}‘}% S(ﬁg%ﬁj lélﬁl
utilizati o?nvﬁfemymed@@ﬁg@@@éﬁﬁ %@%bfPfhn?élIOﬁ}bﬁ\ta@ vvherel n the electrical power
source is a WI NI, POViEtie SQehtRr th% r&ﬂ;cua—llﬂ&mﬁﬁkﬁiz@ﬁbﬁ @trhytd ardegéu%ba preland

utili zat| ‘eexdﬁlf’ describ 106;@ t e (Sa ectrl cal power
source i s g‘a SR P éacﬁﬁ & e‘i’ﬁ(émgli}%etgél H 35 O¥ucti on and
utiljszati on of Wy dr oblersydiescior thegroductibmand utﬂhzaubteoﬁmdmgm desceibed incddinpower
source is @ QuelhheRONBEe BRI GEvacudB insulated composite tank.
20.  The system for the production and utilization of hydrogen described in claim
18, wherein the storage tank is a slush storage tank.
21.  The system for the production and utilization of hydrogen described in claim
30 1, wherein the electrical power source is a solar electrical device.
22.  The system for the production and utilization of hydrogen described in claim
1, wherein the electrical power source is a solar furnace steam source.
23.  The system for the production and utilization of hydrogen described in claim
1, wherein the electrical power source is a wind power source.
35 24.  The system for the production and utilization of hydrogen described in claim
1, wherein the electrical power source is a water drag power source.
25.  The system for the production and utilization of hydrogen described in claim
1, wherein the electrical power source is a nuclear power source.
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WO 02/ 16289 PCT/ US01/ 25843 1 26. The system for the production and
utilization of hydrogen described in claim 1, wherein the electrical power
source i wW@ohuen- power source. 27. The system for the prpdDosii@ssend
utilization of hydrogen described in claim 5 1, wherein the electrical
power source is an on-shore power source. 28. The system for the production
and wtilization of hydrogen described in claim 1, wherein the power plant

i's a hydrogen cmsuntigybiésl fo@ﬁiel oRRtioT AR EHEEEA 5ty dtdpenRERAYE! inQiand
utilizati Olnﬁpg{e hXﬂﬁ gen da(llescrl be in chal m 28, further conprising an

el ectri cal B 116 SA9CLGAl PRUPT RTFRIRG RUPPEROWFE 1 %e power 10

di stribution de¥ice. TBGystEefosihstpesdutton arentpizeatiercefihydre@ed desciribedmtdlaim of
hydrogen dﬁ%ﬂfeké?ﬁ%e'@ec?ﬂlﬁl Wél’ soYm:%]g?érpoﬁ Qﬁ'orQ?WEr sf%luﬁf%t conprises: a

hydrogen burnin nec anlca or. conver the hydrogen_into. .
mechani cal enefy; HFystensfonhgaweduation agdail @é%%@ﬁhyr%oaeﬁée%é%m dajm
ener gy of lth&lef@@ﬂarpo@&kpﬁmgism&lyldrﬁg@ncslhﬁﬁhﬁgﬁﬁlc@nergy sai d generator in

mechani cal commyi c t o rical
communi cati on Wi'th ta?ﬂ %1}3&{1‘3%‘?@ {l&bémﬁh{} %f’y%%ng g‘?éllno ft4%he
product i or28arfdrt1mr|qqrrmtﬂr@wamfelehwsabg@tprd@s@eqtb@dl qonmwraq:amona@lth Weepesver t he
mech@)nl cal gigReiig d&i@. hydrogen burning internal conbustion engine. 20 32.

The system for the oducti o nd ufilizat] of. ogen descri bed i.n
claim 30, wherd¥n t SHSeREAT ’SIPT%%P%&I} utdizaton %@W%ﬁpﬂ?%@f Bgfpim
engi ne. 33, v«?ﬂeeem;&&tmeiptant benpisestuct i on and utilizati on of hydrogen

e e o "oy EBrodnMIEE §0hi e BRAAEA 531 I8 9 kPR el g0er

fossil fuel burni‘ng gl ne. oducfron an
utilizati oWeE; AYHr ogen described in claim 25 30, wher ein the nechani cal

engine is a m xaegenebat@hr agednbéded Qﬁ@hlef:h@hcabléh 9Q>fetﬁ@ inféhadal e]igﬁleﬁmt em

f t h d | i zat f

wherein | o P Bhp i asnpiRt uS Msghanicet ?}ﬂ}n&a@ﬁ EonaE it Beflicteiineang o
hydr ogen  andns aketimgaheniamicatlonerig the po8er dishibutiys tlevied.or the production
and utilizatiomof hygrogen @ege g?r(l}b%gtlbrpalﬁi il tlépoﬁrgd}‘%%ﬁﬁbs'&ﬁ)gﬁn cla1m

pr opul Si on devi ce IS an el ectr| C not or ectr| omuni cat 1 on
the power3%iMeereibibeinicharical caging s alTYf’éO%%PgR ng dptermaleomniyiiien F%neand

utiljpzation of 3zydr ofessyseschvi thegréductdpind utﬁl,zaﬁ\dﬁﬁdsfﬂiyﬂrdgléﬁ dpyceiped i obdim
dovice )5 P EILET AR IRL O, L TFS I SRy oot Lon v Che
hydrogen descri¥ed i Hlétsyaﬁem fopthe preshuchiernt ansorbizpisomef hézdman desetihechigeslaimor
renovi ng e ehsreiedk n@é’éﬂaﬁlbﬁreﬁgfﬁe @Q@ﬁ'ﬂéﬁ' H?ﬁrog\éﬁﬁ%*sﬂ z0d vwaligs eﬂgﬁ{é) l'i qui d
water, said heaf, ex Cﬂ%% St n% acﬂlctmn and utﬁlzatlon gf h cc)lrorrmépl IngCI‘I d'in clalr% vo
02/ 16289 PCT/ USH1/ 25 Slom B 135 ydrog
75 30, wherein the mechanical engine is a mixed, hydrogen/biodiesel fuel burning engine.
35.  The system for the production and utilization of hydrogen described in claim
1, wherein the power plant comprises both a hydrogen consuming fuel cell and a hydrogen
consuming mechanical engine.
36.  The system for the production and utilization of hydrogen described in claim
30 6, wherein the propulsion device is an electrical motor in electrical communication with the
power distribution device.
37.  The system for the production and utilization of hydrogen described in claim
6, wherein the propulsion device is a mechanical transmission in mechanical communication
with the power plant.
35 38.  The system for the production and utilization of hydrogen descrlbed in claim
28, further comprising a heat exchanger for removing excess heat and thereby condensing
vaporized water into liquid water, said heat exchanger having an inlet in fluid communication
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1 with the outlet of the fuel cell and an outlet in fluid communication
with the inlet of the converter. 39. The systemfor the production and
utilizat ivomowi62Bydr ogen described in claim 5 38 further POMpSIIRSBLE a
product water storage tank arranged between the heat exchanger outlet and
the converter inlet. 40. The systemfor the production and utilization of
hydrnogen described in claim 4, wherein the energy storage device is at

| east one viigepe GrbkeofMeifi€ deatdndra. oufldt inTihed ysin@midagion tWieh deqalecdf g8 and
utilization of hydrogen described in claim 10 1, wherein the converter

further c&APYS Yi'CEs an oxygen storage device in fluid communication wth
conver ter for $Pori rdetshsgenygbeapydactpmeadotitizdtioomihidrogemdescsbatinstaimat er

hydr og bhafl
i B 2at ?2 : ﬂ‘ﬁy%“% RS Bl o e TR Rk bl L b e
source i s Oufet C%H"Sﬂ?rmlfﬁ 43. A method for producing and utilizing
hydrogen in mar4lOne amelsyeehifontie pedopidnsnd gitilipaton ofihpdrogess descibeddih clder ;

conver U1 ng, Sbt L Sherk0\RAlidcousn, A36,R00 QXXIS0. A% 1EA0Yer i Ng sai d

hydr ogen gas Pito Ut energy; e’energy to at

| east one powertleo ns’lihmsmemdﬁvbﬂpmducm and upibizaiteg of dib’dr;@g@@ld@m@edem@lalm
Et 'd|r1192' ng 1hyeEREARe | béh\ﬁérﬁél' feheRBhippidéd Mdky g &R LS ddVEceth 'ﬂluidzdoﬁgnﬁﬂl@atlon
y

£l t duct bed I
Syst om f oM HHETBHE BT %&@%ﬁéw%a@%%%e“ bt FOCTHOnRF B SHYHOREr | ne
applicati cgasambmmfrglemgasg 25 a source of purified water; a source of
el ectrical powgp, Pfh%@?%tgﬁﬁ f?hﬂé @%ﬁvgﬁﬂl 4nd uftﬁ&egﬁ)tnq{f'hpgrog%ﬁﬁ sfcfdﬁé%i inREME" > @

wat er to hydrogéen conve ng sal rogen gas and
oxygen gdswhwirdthé@lw@w@bpoweﬁspvﬁmﬁ@@W@ﬁ@éﬂt. on with said water source

and ji;n el ectriagl 30 HARTLToC BiddAGing dnll @tdliAhe hplobb 3h MANWRS aflichiis a
power plant.in fluid comrunication wth said converter for converting said

hydr ogen SAEP en gas into utilizable energy; a hydrogen storage device
havi ng an i nl etpremdingn soutckef watgherein the inlet is in fluid comunication

with the Convechﬁ"&erﬁﬁ@saﬁ@eva%fiﬂtg yﬂl%fgérp Js'é&ﬁ%x?@éﬁ*%ﬂ%i cation with the
hydr ogen 35 ome%%P ant; a, oxygen .s ce EV|ng an inlet and an

evi
outl et, wherei ¥°F ingpaid Y%rog?ilga}sl}me ut@é?‘h’]rﬁﬁ‘ileé@falaé‘ with the converter and
the gutlet is idistfibutirg the Biargy tedtileist siet govicheomyatingesmp@rewer pl ant; and

-20 02/ 1628%4!36” A %%t{lgc? %13 producing and utilizing hydrogen in marine applications
. comprising utilizing the hydrogen utilization and production system described in claim 1.
45. A system for the continuous production and utilization of hydrogen in marine
applications comprising:
25 a source of purified water;
a source of electrical power;
an energy storage device for storing electrical power;
awater to hydrogen converter for converting said water into hydrogen gas and oxygen
gas, said converter in fluid communication with said water source and in electrical
30 communication with said electrical power source;
a power plant in fluid communication with said converter for converting said
hydrogen and oxygen gas into utilizable energy;
a hydrogen storage device having an inlet and an outlet, wherein the inlet is in fluid
communication with the converter and the outlet is in fluid communication with the hydrogen
35 power plant; A
a oxygen storage device having an inlet and an outlet, wherein the inlet is in fluid
communication with the converter and the outlet is in fluid communication with the hydrogen
power plant; and
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1 a power distribution device in electrical conmunication with the

el ectrical power source, the energy storage device, the converter, and the
power pl ano 02/44@89 The system for the production and util i zRCT/OR1ES843ydr ogen
described in claim 5 45, wherein the source of purified water further
conprises: a source of unpurified water; a water purifier for purifying
said unpurified water in fluid communication with said unpurified water

source. 47. Thei reimheﬁudﬂ“l@ev@éeoﬂttﬁédtmm @Bfhnitnidatiga twitinthe feldaittabgeRer
described in a vwaten storage tan havi ng

r| sin
an i nlet iU ?ae%%ﬁ%ﬁfﬁrd@s e The FARES R S Blaiy 20 out et
fluid conmmuni catt on Wietsystemeoribapeaduetion 18l utitizatiayefthydrdgen dessaibed mdlaimi on
andéﬂl I zgt WPLBreﬁTth@%%r@%f'pﬂﬁ%ﬁhﬁ@xdﬁﬂtﬁeﬁdo%ﬁﬂses% further conprising a
propul si on device pr owge(g;\g notive forceto the nmarine vessel, 15 said
propul si on deV|acS€uf°t’? OéluEB‘ﬂIﬂ A muni cation wi'th the power distribution
device. 49. The wytsi @mifien fortpleifyingshid tumpmni fied dvattriih flaigtdoamuaficatipd wathesnid
descri bed L#n{ﬂuﬁﬁ?d% 4§ urxgherel n the water purifier is a reverse osnosis'

wat er puri |ne rlcal comuni cation wth the power distribution
devi ce. 50. Theét’sys th swﬁmtfﬁéthp peiyet prorndidizetion @fiadrqgﬁn deschpert wgdaim
desclrl bed 45nfigttdt 8dm _, furt her conprising a pre-filter adapt ed to aI | ow

t t th t t h fi
water and the VAR W?te Whiie e iy BB R Y S e e Sl e
utilizati cmQnﬂtlehyldhm@]emndmsmahdnew/1thmhec¢oawmter45 wherein the water to
hydrogen converjger i, Cfasgst%ﬁl%fz ﬂl@k Et1015£1d u-{f.'ﬁat?éﬂqs(sﬁg‘d Vﬁ"enﬁpﬁngﬁcﬁ)g}{%lhpn

ereln

and utilization of c in claim

el ectrol yZer fqr@l%ﬁéﬂ?ﬁﬂ%& 2 H@fpuﬁs twcf% laewé}r@d"f%wf?ae tg thegmasineypssel,

el eqtsr ol yzaid propdsiorl |d6v1$e!ﬁi eleatficd] cbllmmmmdulc wlmnhap@kvwdlimbaﬂdmmfe _
hydrogen descr Iéﬁ)ed ! at' N, t‘i_)lb ‘%*he on aﬂgfqu%lly%gﬂ’n?fth%fi?c{gﬁn%g crlggc? . C al}ner IS

a mul ti phot on photoc emy eV| e. B and
utilizati otf, whelgirdheoyeier gmféqms:fel@vqarﬁe Qﬂnmsmwat@rpwﬁier@le&ﬁctrml gEmmpnicagion

hydr ogen qpmygllétp@gvef §1sﬁ=1bﬁEHbﬁ'de\hé'é‘d gap photoel ectrochem cal cell. 30 55.
The system for oducti o nd u |I|zat of h escribed. i.n
claim 45, vvhersg} ' n ﬁ*@%“?@rfgf@ alﬁo“ﬁﬁ’é? gﬂ’é’%go gf’ F)E‘g’cnrcéarl%l s
deviyge. 5616, Tinthes gemprisihgna préiltpr amdnhp@stdntorallamdwalbr td pat nlmmathfouglyqbbmgemed
descri bed Heﬂv&a’n%é’%oﬁée t"%ﬁﬁ:ﬁﬁh@d ther Qlydj{h%%@g}%glge devi ce further

COI'TpI’I Ses I"%I’ essor a storage t e system for_the

product i on and ti | i ersysiemapr y aresigeronansiarilizaion of hydegeen desribed inghaime n
the storags, Malemﬁleavaﬁarf@@s? eﬁadﬂvertaasaﬂeﬁcﬁwsjkamfor t he production and

utilization of dr Ia| n e tank is
a netal hydri deﬁ%/ anlc<)1{:he Sﬁ ]f}“i%ré di‘)gen%escn%eg% claim
25 50,wherein the electrolyzer 1s one of either a solid oxide electrolyzer or a steam electrolyzer.
53.  The system for the production and utilization of hydrogen described in claim

45, wherein the water to hydrogen converter is a multiphoton photochemical device.
54.  The system for the production and utilization of hydrogen described in claim
45, wherein the water to hydrogen converter is a multi-band-gap photoelectrochemical cell.
30 55.  The system for the production and utilization of hydrogen described in claim
45, wherein the water to hydrogen converter is a photoelectrolysis device.
56.  The system for the production and utilization of hydrogen described in claim
45, wherein the hydrogen storage device further comprises a compressor and a storage tank.
57.  The system for the production and utilization of hydrogen described in claim
35 56, wherein the storage tank is a composite tank.
58.  The system for the pioduction and utilization of hydrogen described in claim
45, wherein the storage tank is a metal hydride tank.
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59. The system for the production and utilization of hydrogen described in
claimd5, wherein the storage tank is a carbon nanotube tank. 60. The system
for the pvoduot2son and utilization of hydrogen descri bed POT/@R@I/258435 56,
wherein the hydrogen storage device further conprises a liquification
system 61. The systemfor the production and utilization of hydrogen
desdribed in claim 60, wherein the storage tank is a vacuum insul ated

conposite tank.5962. ﬁﬁesﬁ%‘iﬂ gon fier IbhﬁcthOQupﬁ!ﬂQihu@ﬂCbﬂﬁydkégeﬁtdle@@rﬂ&fd in
hydr ogen a@ﬁscw bed in orage tank is a slush

I st
storage t POVRFCID fﬁ%a@%{sg‘?ﬂkﬂ%?c?ﬁ«@ s and utilization of
hydrogen descridfed iTheslysiem forthe pwkdac’eormrtdhmhehmﬁ hydtogpmvlmcrlbahmGQsz a

sol el ec5t6r scrrpﬁxgé&ﬁrog 4stog-a@@ﬁ1§‘y1§ hfepéorﬁé}?segﬁ(ﬁgﬂrl A %@%ni"t' l'i zation

of drogen reln ower source is
a sol ar furnacélst eathessierdor & profystian andgpilization Hevgrasgn descoRedinlaim

utilizati ao, Qﬂleﬁﬁﬂﬂl@gﬁiﬂagﬂﬁwisb&dtcﬂﬁin@ﬂs&lalﬂad cbnphbite whRr ei n the el ectri cal
power source & S22 M DO PO b B a1 RXRG A Alock S RLBEN G 4 and

utilization of dro e
power sour@ewhsrealﬂvatsmra@rta@(p@\ﬁéushﬁmﬁlgﬁetanlﬁ? The system for the

pr Ogtléc'“ on and 63“ | I 7Rt Sy SR mObr M?E&ﬁ%ﬁor@@rﬁﬁﬁﬂﬁ@@oﬂ 33 hgldﬁig@h déRrib¥r @i t he

el ectri cal urce'i s, a nuclear [ Thesstemfor

t he produc4t5 winge qcvﬁca{%%erépuqﬁb&o%ﬁwifé e B%Vdcq n claim Zs wher ei n
the el ectrical qglomerTlmxystem fostha phaduatierpawartilzatisicel hydshgeil descsiyped moldior t he
product i O%aﬂ%e}éﬁﬂ he%?etc‘cr% ]ggwé}%%ﬁg?é‘a &?&%ﬁﬁ@é’sﬂaﬁn ‘él}%'cé“ 45, wherein the

el ectri cal The system for the

product i on and Gﬁu | &lwtﬁyatﬁnﬁprm@rqsb@hord@@dmh@@f@pn@fwﬂ@qgﬁnd@n gl ingldmej n
the ;Rover 43|, aMhkreifthe etaédrdagpdw&cgaﬁﬂémmf nédglovieebburced 1. The system for the

proc}uctlon and ilization Q r escribed in.cl.aim

Conpr 1 si g an- dltect 115y SHBtGF B R EigteT f R e oS SReEh SRR B Bner
di stri but i49nwherircte eikmr@hpoxse;@benwﬁmWaﬂwedlpgqndwct $omeeand utilization of
hydrogen descriged 'The@y@ﬂeﬂf fo?’ﬁegﬁsodu\@ﬁ@l{ glduiigi AR Hﬁé’dfﬁféﬂhes%ﬂﬁpd InS%dim 2

hydr ogen burn| ng.nechani cal engi for converting drogen into
mechani cal4 &ﬁéﬁegytheékatr&abwrépwe%%mtfé?%?wwume mechani cal energy of
the ygechani cal @8gi rehe sybtem fol e tprdduatioeary gitizatiai of Hyereatiescribed imtdmni cal

commun CatéﬁSO Whereﬁrhthte %Fec&?c%b? \;gjgraslf)ur%g% nﬁum%neegwgr SIOI} gl ectri cal

conmuni cat 1’0 Ion The system for the

production and % | |Elmswmnxfﬂrﬁty@r@§@hord@sidmh@@t¢pn of hydzsigen daseribedhiaraddim t he
nmechani cal4segbRe ihe ePecJﬂY(QI sBWcRiduh dNEIREOBdwEQBhKEL | ON engi ne. -22 WO

8,[2 I/ |1|6§2t9 i E?{)E 18?3@@%@%@@{ the @rqcﬁ%ﬁﬁt)lgm Lg:{lizatrilgn gtr h%)l(ayocgteln %Qsc?iggd in claim
25 45, wherein the power plant is a hydrogen consuming fuel cell.
71.  The system for the production and utilization of hydrogen described in claim
70, further comprising an electrical motor in electrical communication with the power
distribution device.
72.  The system for the production and utilization of hydrogen described in claim
30 45, wherein the power plant comprises:
a hydrogen burning mechanical engine for converting the hydrogen into mechanical
energy; and
a generator for converting the mechanical energy of the mechanical engine into
electrical energy, said generator in mechanical communication with the mechanical engine
35 and in electrical communication with the power distribution device.
73.  The system for the production and utilization of hydrogen described in claim

72, wherein the mechanical engine is a hydrogen burning internal combustion engine.
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72, wherein the nechanical engine is a hydrogen burning steam engine. 75.
The system for the production and utilization of hydrogen described in
claim 5wWa@p2/w2eyein the nechanical engine is a m xed hydrogerRolpsssi | fuel
burni ng engine. 76. The system for the production and utilization of
hydrogen described in claim 72, wherein the nmechanical engine is a m xed,
hydriogen/ bi odi esel fuel burning engine. 77. The systemfor the production

and utilizatiormof hyrsosiem feme hdaRetiddarlwlilizatidhbof WRIeeh BedcHBed@WRIimP| ant
conpri ses ﬂotg a. h%dr o%%r%gcagnsum n f%?l cel | .andtI a \éd.r ogen 10 consum ng
nmechani cal’“eWgFiFE: "7 8CUHRCA FRFBH oY ‘F?é’*@ﬁ%ﬁ%? YR BEdCuti | i zati on of
hydr ogen descri®ed iThesystemmfortiBe prwidectasmandhidilipatomuifdy drogde déscabédsinatrim

el ectrical i - : [ ' j ; t.stribution
devi%ce. 797.2’T glre}sﬂyﬂg? gﬂr%% ?%%Iéa?%gglggoguc%){ég%&g% %%c%%ﬁl ?%tl ibon geﬁ%ﬁ rogen
described in cl’& m s sygem{pethe prpdugaonandptiilizatinn ofdyrrogen éesaﬂﬁ%dctﬁé i8]
transm ssizenwhereffe®d adchalicat @ngiue iscamixet, hydirddenttiedigelel pludlig engthe. The

system for the jprodugtion a tilization of...hvdrogen.descrihed in ¢l.aim
P Further - cordr  stins S RIP:  biodh o g My BAA DR REE hhsaBied ) B
t her eby cdrddwheteinghe payer nlam¢omatisss both ahydregandonsineing figd icell mrerha hydregranger

havi.ng an dofhhink Mdchatlich cpgmEN cation 20 with the outlet of the fuel cell
and 1@ ' 3

n outlet in fluid co ication with the inlet. of the, capverter.. 81.
The system for The prU5EUTETIRT GA a2 HRzaon I diogRn deshPrbus i
cl aim 80 48uwhérein thopgopulsionglevicpisad etictrival motos incel eécd esrkmanicatigedithéeween

t he heat . and the converter inlet. 25 82. The system for
t he produ%ﬁ%ﬁag’ﬁ%uggﬂd!ﬁ?g?i on of hydrogen described in claim_45, wherein

the energy stordge ddigisyaiemdonthe prslyetigrmdadidisatiopqidydgemdessebedinglaigs

The ;3yst emgf RhertMhdPropulsioh @Bviadida et han#al tABmakiod ihhedRRicdR®airhReeatioR
clai'm 45, . rein the electrical power source is the power plant. 84. The
syst em f orVHh@e BOFEIR  on and utilization of hydrogen described in claim
30 45 further &OnpriBiersystam fet the praduationrmdetilicatimhi dfihydevgef descaberdintclami ng
the el ect rioc alrBP¥Ghpridif ShER bR CRITNGAL EARVLR ahd heRBYRhondensin
distribution device. 85, The systemfor fhe production and utilization of
hydr ogen d@BeHFeH&RIGrnte lignichwager, s Exghangsr Ravana aniiplgf in IBHEEEO8ner
conpyi ses with thewaitieesf thefodfetlmad .an8futletinnibditl @dmihnmiqution watin@e dnldt of iblei zi ng
hydr ogen ictglg&{érne applications 35 conprising: providing a source of
purified Wa%er; ‘generating electrical power; storing the electrical power;
-23 WO 02/ 16283 1PCT/ sy stemganthe pragyatiy andrilizaticn afdy drogemdeschibert iagdaimgas

and oxygergog@sthett édnhpgrishieh 4 PR EBNRARE §irage tank arranged between the heat exchanger

outlet and the converter inlet.

75 82.  The system for the production and utilization of hydrogen described in claim
45, wherein the energy storage device is at least one deep-cycle marine battery.
83.  The system for the production and utilization of hydrogen described in claim
45, wherein the electrical power source is the power plant.
84.  The system for the production and utilization of hydrogen described in claim
30 45 further comprising an electrical power conditioner for conditioning the electrical power
in electrical communication with the power distribution device.
85.  The system for the production and utilization of hydrogen described in claim
84, wherein the electrical power conditioner comprises an inverter/transformer.
86. A method for producing and utilizing hydrogen in marine applications
35 comprising:
providing a source of purified water;
generating electrical power;
storing the electrical power;
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el ectrical power; converting said hydrogen and oxygen gas into utilizable
energy; and 5 distributing the energy to at | east one power consum ng
conmponentwoO 8716289 met hod for produci ng and utilizing hydr oBenuUsol/25843 ne
applications conprising utilizing the hydrogen utilization and production
system described in claim1. 88. The systemfor the production and

utilli zati on of hydrogen described in claim?29, wherein the electrical notor

rhR TR L el R L e et
utilizatiﬁﬁgﬁFmﬂVﬂW%ben described in claim 78, wherein the electrical
not or al so funabhwersngsaid hyditogen airdaokygemess istmuutdzable eabreyt aidcal
Comguni cation vfilinidif MO e tSLEREAOR WS tbiRmit@ cotfonede 30 35 -24
87. A method for producing and utilizing hydrogen in marine applications
comprising utilizing the hydrogen utilization and production system described in claim 1.
88.  The system for the production and utilization of hydrogen described in claim
29, wherein the electrical motor also functions as a water drag power source in electrical
10 communication with the power distribution device.
89.  The system for the production and utilization of hydrogen described in claim
78, wherein the electrical motor also functions as a water drag power source in electrical

communication with the power distribution device.
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