10 NOV 2003 WD 00170262 PCT/ CACO 00487 HYDROGEN FUEL REPLENH SH Eﬁ\lﬁefmss
AND SYSTEM 5 FI ELD OF THE I NVENTION 10 This invention relates to

el ectrolytic production of hydrogen for use, particularly as a fuel for
vehi cl esyoapdoRarticularly to a system conprising an el ecPCOIGANN®045Gel | for
sai d production and a data network conprising data gathering, control and,
optionally, storage. 15 BACKGROUND TO THE | NVENTI ON El ectrosynthesis is a
met hod for production of chem cal reaction(s) that is electrically driven
by passage of an electric current, typicall ,
t hrough an el ecHY@ROEED:FAFEN Aol laninbdaMEdt F8il gy fg 2 2 hedkMe| ect r ode.
An 20 el ectrochemcal cell is used for electrochem cal reactions and

conpri ges anode and cathode electrodes inmersed in an electrolyte with the
current passed between the electrodes froman external power source. The
rate of production is proportigppb ¢p THENYENTEON flow in the absence of
parasitic reactions. For exanple, tn aliquid alkaline water electrolysis
cell, the DC current is passed between the two el ectrodes in an 25 aqueous

el ectrolyte to split water, the reactant, Jinto e t fHag8S,
namel 10 " hydr ogé Saﬁweﬁ&%éﬁl%e}%%ﬁ%&ﬁﬁ%‘aﬁ%tP’(g‘f’gg‘gg’%e%}@@%ﬁt ﬁ&e} surfaces
of the 1 eSDESLINS, o£h 861 KAGRNIIMALR patianisilyseysterhauepiising anleleprmbticed on
pressure Fo %ys ens to control the pressure between the two Gaﬁl)]a/es of
an el ectr oeyisfar €#d Iproductios and ¢ Kata tdteotknoomaREag daBosHBEHISy “OBYY g8 and

hydrogen produced in the electrolytic reaction are kept separate and do

not .m x. CeRiosadn PPBESuUre control system provides a water seal to equalize
pressure in

15 BACKGROUND TQO THE INVENTION

Electrosynthesis is a method for production of chemical reaction(s) that is
electrically driven by passage of an electric current, typically a direct current (DC),
through an electrolyte berween an anode electrode and a cathode electrode. An

20  electrochemical cell is used for electrochemical reactions and comprises anode and
cathode electrodes immersed in an electrolyte with the current passed between the
electrodes from an external power source. The rate of production is proportional to the
current flow in the absence of parasitic reactions. For example, in a liquid alkaline
water electrolysis cell, the DC current 1 passed between the two electrodes in an

25  agueous electrolyte 1o split water, the reactant, into component product gases, name.ly,
hydrogen and oxygen where the product gases evolve at the surfaces of the respective
electrodes.

Water electrolysers have typically relied on pressure control systems to control
the pressure between the two halves of an electrolysis cell to insure that the two gases,

30 namely, oxygen and hydrogen produced in the electrolytic reaction are kept separate and
do not mix. |

One such pressure control system provides a water seal t0 equalize pressure In
the two halves of the cell. This is the approach most often foliowed in “home made”
electrolysers. Typically the water seal is a couple of inches deep and s0 the cell

35  operates at a couple of inches of WC pressure above atmospheric.



the two halves of the cell. This is the approach nost often followed in
"honme made" electrolysers. Typically the water seal is a couple dff N 1985
deep and so the cell 35 operates at a couple of inches of WC pressure
above atwusgmerzéx. 1 0 N O V 2003 WO 00/,70262 2 PCT/ CAOO/ GRABT A#0m00487
alternative system provi des a nenbrane separator which can sustain a
pressure difference between the two halves of the cell w thout gas m xi ng.
The PEM (polymer electrolyte nenbrane) cell is the best exanple of this
type of system ,The 5 PEM cel | capn.,sustaj 0 '

difference wt h'éﬂtﬁ?fnﬁtaﬁi ?-‘i%llcgghtp? \dgésg tca)f hgﬁnggar%uﬁﬁa% 9&“{}\%% gér:F?ﬁg[?\ﬁagt I ve
control systamavBifeRerze zafceR RS SWb QabiRe of @ tell svithber gmuhixingy The Fadds
fromthe two cells. Control can be achieved in one of two vvafys: %y ar
mechani cal(pslysnesraledntodite medritsane) reelris St best resgPiR 6F this BipgPiysignt. The
done- | gad flo 10 requl at or ng r I -k S
whi oh, 37 or ML) €0 oG VB D 3y 0 PRV SRypEATRTHLE PHIAE S bt s
pressure to oo ate the pressure in the hydrogen half of the cell; and by
an el ectrd‘nléJ system which relies on neasurenent of the difference in gas
pressure bet weAnthirdeist aw acevd comralosyistest witeh (5§0%es RIESSHEES 2B 1PPBNST P6m t he

t id f th || 15 i nt.aj j i.ff
o usual TP APT QS o HE R el ORI Z R £f aE MR RSP RME gl T " ence
however, fl?}lei WRicHantEB s\ s1EARTRECHeBbs B greggne rgriabal such af @.dbrieniBAded IPEM

0

type el ect ysis cells are favoured. AIthou%; the cost of the cell is far
hi gherl0t hargulator toaougal pressare betkvgen the eyreeelsowhsdy for expmple. TYENETPIY nor e

than of fset by the controls 20 needed for ' I ' tens
1o o’ reorR PREIPeSRE fr it deB T Rra o Tefiate BitnoER i Hiaidelf haks
pressures ande BEnga, conpression in electrolysers using a water seal

pressure control system ) . .
by an elecironic system which relies on measurement of the difference in gas pressure

between the two cell to control the rates of gas outflow from the two sides of the cell so
15  as to maintain a desired pressure difference of usually zero or with the hydrogen side
slightly higher.

Typically, however, for very small commercial hydrogen generators (0.1 Nm*/h)
PEM type electrolysis cells are favoured. Although the cost of the cell is far higher than
for conventional alkaline electrolysers, these costs are more than offset by the controls

20  needed for the conventional alkaline systems using mechanical or electronic actuators,
and by the need for higher pressures and, hence, compression in electrolysers using a
water seal pressure control system.

A hydrogen fuel replenishment system is operative in at least one North
American city, wherein a fleet of public vehicles, namely, transit buses are refueled on a

25  timely i.e. generally daily, basis from a storage tank(s) in a bus depot.

The hydrogen fuel tank on the bus is attached solely to the storage tank and the
quantity of hydrogen to be furnished is calculated from the initial pressure and desired
resultant pressure as read from pressure gauges on the bus or on the ground storage tank.

At the depot, hydrogen is provided to the storage tank(s) from on-site

30 electrolyser(s) which maintain hydrogen pressure at a pre-determined value in the

tank(s). Replenishment time is, generally, about 20 - 30 minutes.



A hydrogen fuel replenishment systemis operative in at |east one North
Anerican city, wherein a fleet of public vehicles, nanely, transit buses
are refueled on a 25 tinely i.e. generally daily, basis fron1a1%fﬂﬁ ﬂﬁ}
tank(s) in a bus depot. The hydrogen fuel tank on the bus is attache

solely to the storage tank and the quantity of hydrogen to be furnished is
calculated fromthe initial pressure gnd desired resultant pressure as
read from pressure gauges on the bus or on the ground storage tank. At the
depot, hydrogen is provided to the storage tank(s) fromon-site 30

el ectrol yser(s) which maintain hydrogen pressure at a pre-determ ned val ue

in the tankoyevégptlehiasbrenaid thyddoen e : -3 i hut es.
10 NOv 2003_.3a However. the af reysﬂa?i é%hyggggg 1 %}leﬁ}ﬁ?ggf g%?%% sﬁ‘{f{pggﬁstem
suffers frbd& %Hﬁﬂlﬁc@&ﬁtﬂ%gﬁér‘) ofisgizagiagesagedollasvs.ol | ons. 1.

Modul ation of the electrolyser cell bank is only by manual operation. 2.
The cell bank is not easy to nodul ate, and accordingly, if the demand for
hydr ogkn t M@d\%wp@doéméc fedectrelyselriaedl behkds emliyrby asdnudl e émtidover
than the cell supply rate, it is necessary to vent the hydrogen, generally
to atnosphere. 3. The cell bank in real tinme cannot be nodul ated to '

optini2e elBut ciell bynk usage etsyt ioveso dilatqvand abke:dingdyciedtha! @ckhihd t Y

costs ratesf.IAﬁ‘ %@Cb vehigle is fill ﬁ_by 1|y manual “operation, 5. Each

vehicle is PrITE %%Egnﬁsnmcéfmof af RF&?}F%P&V# e indesl time iFhe

n?t ]thr FI of ﬂ?wefri ihdmghafxméhtil:pplj S?&lt,?'@dy :ﬁ@%ﬁawi td vfc?xzp&xfét lﬁﬁaﬁé’%& rate

o] illing fr ce ank. In filling a vehicle tank wt rogen,
SHATlP s firaeSPhR:

t he expansigon an Sithin the tank causes the gas tenperature
to rise and, hence, to yield a false value of a high pressure (fill tank)

It theyraterof (L)' d4d9:d Sfe%P%nEgglaghog%%nm%%igt% ePcE optimize electricity
usage at times of favourable, reduced electricity costs rates.

4. Each vehicle is filled by only manual operation.
5. Each vehicle is filled independently of other vehicles in the depor.

6.  The nature of the filling operation is steady state with respect to the
tate of filling from the cell bank. In filling a vehicle tank wirh
hydrogen, the expansion and compression within the tank causes the
gas temperaturc o rise and, hence, to yield a false value of a high
pressure (fill tank) if the rate of filling is too rapid. Upon subsequent

cooling, the tank pressure falls and the tank requires a refill (top up) to
achieve a truer desired pressure.

7. The use of storage tank(s) expands the necessary green space and
footptint required for z filling station.

8. The use of storage tank(s) provides a potential safety risk requiring
proper management.

GB2143848A to White and others, published 20 February 1986,

describes a combined hydrogen generation and combustion system linked



cooling, the tank pressure falls and the tank requires a refill (top up) to
achieve a truer desired pressure. 7. The use of storage tank(s) expands the
necessary green space and footprint required for a filling st tlﬁn 8. The
use of storage tank(s) provides a potential safety risk requirildgN0¥%i08per
managenment. GB2143848A to Wiite and ot hers, published 20th February 1986,
descri bes a conmbi ned hydrogen generat;pn and conbustion systemlinked 1 O
NOV 2003 3b through a hydrogen storage unit. The systemis either
conpletely located on site, i.e. on the ground or in a vehicle, wherein
the systema final user are permanently conbi ned and wherein stored

hydr ogetird g arh @ %raggﬁ_ﬁﬁ{ﬂ tl-ih%ng OGS 19V, etl andé%rggﬁ%b? 4al8£g:os si | ent

as to the Present 0 central proces ing uni

acti vatitbnl-fo 95 & Fcféol'ud?id ogxeharvgdiole, duberdihonleb smematﬂmalhugié;o’gp
gener ahpfmandnwrer (2343848 0 control for
cont ro?l |I¥11g tnegﬁe&mb %Ig‘gs?rhc%ﬁgl &EEF?O&/YQE O e‘ﬁg ﬂé Uithetse 415,

t her efb?téfﬂ?étW@édcmngaShpgi}ogeGB‘Zfljefl.%&m dei shijnis %S Ig\ggrpthoflqes not

suffer, t a sa vanta SUMVARY .OF THE | NVENTION [t is an
obj ect %’?&?ﬁeﬁg?g‘;s%%@. H\g' ght |Ibcg ﬁ?"b‘iﬁddé“ﬁrsﬁgpgﬁp%‘r toh@remide for

gener at¥dmngm déneiada (ﬂohyd:rel@&itngafhd‘ ok @ﬁ@gmrééﬁga%}yaﬁg qdeyel for
vehi clg%gfﬁ:%u%l_\n i (gl i gi bl.e n- Site drogen or age. a further
obj ect to provi ﬁ; VOB IR TPt seeRitol thtrwlimgm tbﬁowlél,es a
pract i cainprassor hnldegn:ti ﬂovmat;ﬁpbngmh actl vation interface. It is a farther
obj ect of the present invention to provide efficacious

There is, therefore, a need for a hydrogen fuel replenishment system
which does not suffer from the aforesaid disadvantages.

SUMMARY QF THE INVENTION

Ttis an object of the present invention to provide a system for the in
sifu generation, on demand, of hydrogen gas for use particularly as a fuel for
vchicles, requiring negligible on-site hydrogen storage.

Itis a further object 1o provide 2 hydrogen fuel replenishmeat system
which provides a practical, user friendly, control and activation interface.

It is a farther object of the present invention to provide efficacious

methods and apparatus for producing hydrogen at a minimum desired
ptessure.



met hods and apparatus for produci ng hydrogen at a m ni num desired

pressure. 10 NOV 2003 4a Accordingly, in one aspect, the invention provides
a hydrogen replenishnent system for providing hydrogen to a

hydr ogen-recei ving apparatus, said systemconprising (i) an el ectdd NV 2003
cell for providing source hydrogen; (ii). a conpressor neans for providing
outl et hydrogen at an outlet pressurg, (iii) means for feeding said source
hydrogen to said conpressor nmeans; (I1v) means for feeding said outlet
hydrogen to said hydrogen-receiving apparatus; (v) central processing unit
means for controlling said cell and said conpressor; and (vi) user

activati on Aeessdibhely ogar adl ¢ i Mat | | entral .processing unit

means. Ag used helr giy;l t he termgé':é:éeﬁil_' "?H@e ecq'rtg%’ﬁeﬁirgg’rcpeéelq"ﬁY‘éﬁfogen

"el ect Y GREMMEREt gF e tostpuasuding chydrdgimgoata I}eﬁ&tog(glﬂeré@i{,irg%
ei'ng suitabl

el ect rQesrairns) ygidngyﬁ@m @Bﬁg&i?ﬂ%}a cathode with each b
r

supported within an ‘encl osu ugh which electrolyte is circulated and
product is disengaged. The cell includes a separator assenbly having

appropri at g;yrea ] mechani cal |y sypporting the separator
within thee(é))rrrgl %Zlué%_rﬂﬁﬂ?ﬂcg?%ﬁggﬁpgov W%@OB%?%EEBE@E@H her in series or

in paral | efil}.oafermpacesdt rse¢aek fancpﬂdv@&ﬁlg o1t NG hj{&}& AP ko é:tel S
may be usegrgg_ﬂj! rma stack. In a stack the cells ate %onnec ed1n a
simlar maAnér, efther in parallel or in series. Acell block 1is a unit

whi ch conp(iiencane for fepding edild Ak ydtd gl fo! i 8 c%%i:rgs%?l}rs:caaﬁse
(iv) means for feeding said outlet hydrogen to said hydrogen-receiving
apparatus;
(v) central processing unit means for controlling said cell and said
compressor; and
(vi) user activation means for operably activating said central
processing unit means.

As used herein the term "cell", "electrochemical cell", or "electrolyser"
refers to a structure comprising at least one pair of electrodes including an
anode and a cathode with each being suitably supported within an enclosure
through which electrolyre is circulated and product is disengaged. The cell
includes a separator assembly having appropriate means for sealing and
mechanically supporting the separator within the enclosure, Multiple cells
may be connected either in series or in parallel to form a cell stack and there
is no limit on how may cells may be used to form a stack. In a stack the cells
ate connected in a similar mannez, either in parallel or in series. A cell block
is a unit which comprises one or more cell stacks and multiple cell blocks are
connected together by an external bus bar. A functional electrolyser
comprises one ot more cells which are connected together either in parallel,

in serics, or a2 combination of both.

The clectrolytic cell may comprise the compression means within its
structure in thatin one embodiment, hydrogen pressure is built up within the
ccll to the resultant desired user pressure and wherein the outlet hydrogen
comptises source hydrogen.



connected together by an external bus bar. A functional electrolyser
conprises one or nore cells which are connected together either in
parallel, in series, or a conbination of both. The electrolytic clel N0¥age3
conprise the conpression neans within its structure in that in one

enbodi ment, hydrogen pressure is built up within the cell to the resultant
desired user pressure and wherein the,outl et hydrogen conprises source
hydrogen. 10 NOV 2003 4b The system a% ording to the invention is of
particul ar value for replenishing hydrogen fuel for a vehicle, such as a
personal vehicle, truck, bus and the like. Thus, the invention provides in
a preferred aspect the systemas hereinabove defined wherein said neans
(iv) conprises apparatus, preferably, vehicle attachment 10 NOV 2003 WO
00170252 5 HOT| 000 0dBb mBagstat fhac iakkfion ti.beongﬁf %Lﬂir (ygquicclfg} to
provi gtee tlpgisq}q#l eé agd;olgﬁn gz. fuel to the _apparat (rve rcley.

Accor di ighy > hér 87 EOBY R gedOos syehiche asudersi npeosendet thele, whekei n
means Wusantorthd édai. ng t he outl et hydrogen to the hydrogen-receiving
apparatus conprises conduit nmeans and fitting engagenent neans adapted to
be received in 5 sealing engagenent by said apparatus. in an alternative
enbodi nent ThusysheMmise i defi i rovi_ded erein the
condui,t means and fitti ndgegﬁggggﬁle\ﬂ%'g ﬁqeaﬁggrcéﬁnf)%dgé‘gpﬁcbltvtﬁ\‘l’(‘]:alsﬁﬁfr%fas
condui}ies“é%gb?}’ﬁti 1pAgagehentinmestidr smadapt €iv) oco ageive aapphfaisty of
the preferably, vehicle attachment



hydr ogen-recei ving apparatus. 10 The source hydrogen is preferably punped
through a conduit to the conpressor. The CPU conprises a systen g0V 2003
her ei nabove defined wherein the central processing unit conprises cel

control g{ada S ]ﬁﬁqr activating the cell togprovide the hydraeos®mesgie when
t he outl @rfgssure falls to a pre-selected value. The CPU preferably

conprises the user activation neans having data receivi ng neans a(?ag'gh%d to
15 recei ver@atsadammorn iy appansisdvemsiahty perssthedories iy diogen 2o i |
consisting of an electronic data card,. VQlL.G tdd | QNLERASove defined
manual | y- opeesaipe (&8I0t i 6F°Y H’—“@‘én Fo1 ' p?réglﬁgc?grsgg&?{gt zge)sd wavel e\F\gt h and

el ectroni Cw%rare l%%%r{sl (q:@I fol gcé}_.ta%fgef}m oligr KRcbgunat elisalnldyoganerepeivegsanpaedtiss f or
recei ving an reati ng ‘physi cal™ paraneter data sel ected ronﬁjt he e.‘%rdohl‘p
consi st i ngcobpiiespendbirosansr eud (itdss eaERIeHes! MANT ALRIFYE PT JEI eVl s,
bus 20 continuity, KOH concentratiﬁﬂ, gas purities and process val ves

posi ti ohs 6felipRENgagEmentbysaitaiPt A hg "and control ling the cell in

consequence of $aid iEakRNEmBbdintatCelsdysint & hereinabove Mefinebrprraddedreans
for receiving and treating physical paraneter data selected fr roup

m.ine
consi st i ng valereienhe casduie meank eandafNSUENSBEEREN r BERT ARV e P “rfaf‘{}a?ge

status of the conpressor neans; _ and ti oLl i heof th
conpr essor Cﬁﬁ%ﬁ%npggi isf’rsﬁnﬁ%n%dﬁg’ﬁ&@ O’E‘?ﬁ&? AdBfte AN FRBIVEOE! bliGalithieof the

e treatnment of the conpression

means dat a. Bl BltMs. conpri ses neans for receiving and treating
data sel ecthé{g‘%%re%ri t‘:ﬁ@%ﬁ%p consi sting of hydrogen demand, of th«?

hydr ogap- r ecei viThg seymeahatogen anprefesably PRBPCE) BV LN 1§ ”’Fﬁ%thea??ﬁnfn§s,sorr’ate

of delivery and _duratjon of .deliver f.h LA peat og benwral

consequence of tH¥ ﬁi} Gﬁ@ﬁr‘a%(ﬁy%%@a?‘s ¥E§Q%E%’e|to?gfler abl'y cxorrpri.ses

st or age SW&EQ%WMS‘E&%msd@mc@ﬁlrﬁciheﬂlsf foo ractivasingy theog@lh telerravde dhs a,
S0

dates, ti y and night, and nunbers._of hydrogen-r.eceai.yin

appar at us. HiarddeN 20028 Wi 0D¢ ZBRIED PEESRIEE/ @AD AP GOH@#E?&E‘P 5%g¥'ergBT yCRtLFHe
CPUis in direct electtical or elecltaqni (eTpagcital leBélvitiot Mearaiapet ¢ he
cel |, conpriE&SHPlLIRIRISSS ?%%P%Vaatcﬁ%u&%garﬁ ”gd%f:htﬂe el actri p

I'on means by ans of electrical wfres.

15 receive data from or by transfer means selected from the group consisting oI an
electronic data card, voice activation means, manually-operable selection and control
means, radiated wavelength and electronic or electrica) transfer. The CPU preferably
comprises means for receiving and treating physical parameter data selected from the
group consisting of temperature, pressures, anolyte and catholyte liquid levels, bus

20  continvity, KOH concentration, gas purities and process valves positions of the cell: and
modulating and controlling the cell in consequence of said treatment of the cell data. It
further comprises means for receiving and treating physical parameter data selected
from the group consisting of temperature, inlet and outlet hydrogen pressures and valve
status of the compressor means; and modulating and controlling the compressor means

25 in consequence of the treatment of the compression means data. The CPU preferably

comprises means for receiving and treating data selected from the group cons.is.ting of

hydrogen demand of the hydrogen-receiving apparatus, and means for determining tl‘u:
amount, rate of delivery and duration of delivery of hydrogen to the apparatus In

consequence of the hydrogen demand data. The CPU preferably comprises storage

30  means for storing data selected from the hydrogen demand data, dates, times of day and

night, and numbers of hydrogen-receiving apparatus.



Thus, the control neans and activation neans provide for a practical user
interface. 5 The system as herei nabove defined has also preferred utility
wherein the conduit neans and fitting engagenent means conprises &0 NOV 2003
pl uralitWofdetduits and fitting engagenent nenbers adapC@dCAW/00¢lei ve a
plurality of the hydrogen-receiving apparatus, for exanple, a plurality of
vehicles at a c rcial, i ndt&gﬁ%i al or like.outl e]t. The introducti onthof
the user acti vatY.6H PHEEHAE!Y the ISHRGTEH SFCETICA R ClePrPm SOmMBUEiPRe!
advant ageoys £xeRapge cBinpfalér dndQleLRENBET his &S héahk of ERERIEF StEs.

vehi cl es(s) and sundry pIPOCESS control valves and conduits. This user

i nterface al | owsThuf.othelcondafli mezhsdehmdivaiinn rmednst prowjdeofort hepragahad giser
needs for all .vehicles, single or a plurality thereof, connected to the
cel | bank; "™812%€ defined tine to fill each vehicle(s) connected to the cell
bank; 3s nodul atiRyQEmtAGerEhdbol@BKsiAR BRINbDrifbRe®NBEly WhERIVthe kokdier 0gen
required by all vehlcles over tinme; 4. nodul ation of the conpressor in
conj unct i omeans lent higtiog| éngogethent omearsucenprisge qupluszlsypyfl gomduitsyantdo feng o

| hi cl in th b f t t ank , i ch d
Saf ety conERAREMES! TIROMA PR TP i P aF ot PN | i 07 BXTREbERCERDe, o
dynami ¢ Coghﬁa‘?ﬁtu&ffof blanidle a}ﬂuraﬂfyoé(fi @%j@eﬁ%%k@ﬁhﬁréiﬁﬁ thdbkerfal bt livgodtt.

stabilize e tenperature of° the'gas within the vehicle(s) and to ensure a
correct real tifMheviairoduaionpofethewser sotivmionomeanseipscembinaiven votfh the CPRy of

the tank: (j,.e. half full, full, etc. nd successful co etion 25
the filPi néi]?)‘ﬁér Fi%ﬁ’r‘fj?ms.ge%ﬁee%éﬁ?%vé’%}e‘ﬁfa SPn e, g’e( fj’ﬁ‘?b; E%'%PKFMQ{% no
manual user, I‘liEﬁ.@(Sy sy prodeSCciRip helveOinPtoriaid Mhed ovey iMerfadiLaliows

operation oF t he cel baﬁ% and conpressor is stored/recorded in run tine

hours to pdemit schedul e mai ntenance, and 8. a conplete data history of the

storage of I?aCh d\éggédcée%gn%, l?nere.szﬁ ?urn%fj é) ﬁ)%%rygsodgbn needs for all vehicies, single or a

plurality thereof, connected to the cell bank;

13 defined time 1o fill each vehicle(s) connected to the cell bank;

)

3. modulation of the cell bank to ensure the exact supply of hydrogen required by
all vehicles over time;
4, modulation of the compressor in conjunction with the cell bank to ensure
adequate supply of hydrogen to all vehicles in the absence of any storage tank(s),
20 which reduces safety concerns;

modulation of the rate of filling of each vehicle via dynamic control of filling t0

Lh

provide a variable rate of filling to stabilize the temperature of the gas within the
vehicle(s) and to ensure a correct real time value of pressure so as to assess 2
level of filling of the tank (i.e. half full, full, etc.) and a successful completion of

the filling operation,

tJ
tn

6. the achievement of aforesaid (1) to (5) with no manual user intervention,
7. the completion of data history of the operation of the cell bank and compressor 1§
stored/recorded in run time hours to permit schedule maintenance, and
8. a complete data history of the storage of each vehicie to be stored/recorded.
30 The invention is of particular value in one embodiment when the apparatus

comprises a cell to provide hydrogen at a desired minimum pressure; comprsing an

anolvte solution having an anolyte liquid level;



30 The invention is of particular value in one enbodi nrent when the
apparatus conprises a cell to provide hydrogen at a desired m ni num
pressure; conprising an anolyte solution having an anolyte |iquidjhang! s
10 NOV 2003 7 a catholyte solution having a catholyte liquid |evel; oxy&@n
generation nmeans for generating oxygen at an oxygen pressure above said
anol yte; hydrogen generation neans fory generating hydrogen at a hydrogen
pressure above said cathol yte; genera-red hydrogen outlet means; and
conprising pressure nmeans for raising the oxygen pressure above the
anolyte to effect a positive liquid | evel pressure differential between

sai d ciag{gplldgge ISbmignleﬁgg%tga?g?a%lgtg?li%ﬁackwui dlevel to a

pre-selected value to osur ydrogen outlet nmeans and in

| ncr eaX VBTNt PRA GPAQY Breanyr ysganerrting veygem hvaridrggengneniage ghosai d
hydrogggi‘fthogitneans to provide hydrogen at said desired m ni num pressure
t hr ough sai et means. This preferred aspect of the invention as

her ei ndlysrogdafgerectatissn esers fcu'r@ménigir? hi?di:tb%hrl QV@h}FHfogl%Wﬁrcssure
differ ﬁﬂhiv%lsﬁﬁt%‘ﬁ%] e catholyte liquid and he anol’'yteliquid | evels by
causi ng oxygen pressufé&’buil d-up above the anolyte and fall in anolyte

| i qui dgleeeeiteahdydrogemensiemateankse in catholyte level, while hydrogen is

free t(lgl I e%F%1 trklae-ncel | until eit hgtr. éﬂag. t he anolyte level drops to a

pre-se N RVERE BE T H§eMeanE o r ALY {R€ (X YgeBvRFHS sHytrakpse thel ease

from t haotptd tmreffbgt ahposiatoliyued |level presasret ifFhrid ] cfvfréa?t?‘%rai& he
n.release fromthe cell.

control__wvalue to sijmlarly .prevent hydroge

Subseqﬁémo Ytﬁﬁilﬁﬁlt'ilpr?egfei ﬁ%‘dr%én’*”&@é’s Eh%“‘éﬂ%\’/@l tthe Rrarsrlegtesd veluer ses t he

respectffext closure of said hydrogen outlet means and an increase in the hydrogen
pressure to a value to effect opening of said hydrogen cutlet means to
provide hydrogen at said desired minimum pressure through said outler

means.

This preferred aspect of the invention as hereinabove defined relies on
creating a liquid level pressure differential between the catholyte liquid and
the anolyte liquid levels by causing oxygen pressure build-up above the
anolyte and fall in anolyte liquid level and a commensurate rise in catholyte
level, while hydrogen is free to leave the cell until either (a) the anolyte level
drops to a pre-selected level to trigger a control valve to prevent hydrogen
release from the ccll or (b) the catholyte level rises to similarly trigger the
control value to similatly prevent hydrogen rclease from the cell. Subsequent
build-up of hydrogen pressure above the catbolyte reverses the respective
liquid levels to effect opening of the control valves to provide hydrogen at
the desired minimum pressure. Hydrogen pressure builds up under the
closed release valve sitnation because two moles of hydrogen are produced
tor each molc of oxygen in the electrolytic process.



liquid levels to effect opening of the control valves to provide hydrogen
at the desired m ninum pressure. Hydrogen pressure builds up under]gN@v§m3
cl osed rel ease val ve situation because two nol es of hydrogen are produce
for each nole of oxygen in the electrolytic process. 10 NOV 2003 8 BRI EF
DESCRI PTI ON OF THE DRAW NGS In order that the invention may be better
understood preferred enbodinents wll, now be descri bed by way of exanple
only, with reference to the acconpanying drawi ngs wherein Fig. 1 is a

bl ock di agram showi ng the maj or features of a hydrogen fuel supply system
according to the invention; Fig. 2 is a |logic block diagramof the control
program of one enbodi nent of the systemaccording to the invention; Fig. 3
is a lgaic block diagram bf a cell block control |oop of the contro

pr ogr a EIEESCR IO PRAFINE6 ST an el ectrol yser according
to the invention; 1 0 NOV 2003 WD 00/ 70262 PCT/ CAOO/ 00487 Fig. 5 is an
alternative enbodi nent of an el ectrolyser according to the invention, and

wher ei n t hdrsamlaunhael hddavteatidkemagr be Hefd! LA LPEISH Pé}cqgrg:d

PREFERRE oDl I\/ENTE WtRj rﬁf gregc to"Fig..1, this shows a System

accor df Y AB RS WL AT PesAetrl a@ﬁmwwfa%xmplmamlmgwm wifecenot yser
cel | 11:Jo2tuxbiaQr¢om1§>§lM§ﬁ§g amgpgshwquﬁp at a desired pressure Pi fed to
conpressor 114 through conduit™ 116. Conpressor 114 feeds conpressed outl et

hydrogen t hrough conduit 118 to apparatus 120 at pressure P:,
Fig. 1 is a block diagram showing the major features of a hydrogen fuel
supply system according to the invention;

Fig. 2is a logic block diagram of the control program of one embodimeat of
the system according to the invention;

Fig. 3 1s a logic block diagram bf a cell block control loop of the control
program of Fig. 2;

Fig. 4 is a block diagram of an electrolyser according to the invention;



10 exenplified as a vehicle attached b Ptti
_ y a fitting 122. Cell 112
&%ﬁcﬁngrg\s/?(rjeslﬁﬂ ﬁrg linked to a conputer processor unit contrb| Cﬁpﬁp:ﬂgssor
User 124 defines a demand to 111 vehicle 120, User 124 matmé A Gl
> ( : . er 124 it its
\o/lgirrggd lig"?gfﬁﬁ%ﬁ?f use of (i) a credit cdrd; (ii) a Smrﬁgf%‘%?ﬁ ;ts
voice 15 b atlrgn system (iv) manual activation via front banel
ot aol e SEleb b AR AR BSLOBRinchoo! SxamBlolant aemotng L
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S[D;Jt ﬁgﬁcﬂggﬁﬁéﬁﬁhﬁﬁetdﬁﬁe ﬁmr_atraks_d@ﬁoelié@tnﬂéféhem cgl cel | Eaz?fv\;\ihghdieﬁtn?étl
status check includes nonitoring of the process paranmeters for starting
St hol vie 20, I : nUipart icular, tenmperature, pressure, anolyte |i gui d | evel
val ve status Fﬂrt?éqeﬁﬂ(ilE,DgﬂgOFQWH(UMCDE/PR@Ha : : procesé
vajve status. er, upon recelpt of the demand, CPU 126 determ nes th

sstatus of conpressor 114. Such initial checks include nonitori nge

of the tenperature, inlet a '
CPU 126 dot or m nagih iRereReecdiS s AT RBr S deE T o s

cP
U 126 anal é’,%eagg{klelébeﬁmnﬁn URStrol24r adle] TEvhich fredues GoUTCHAYGIRERHI &2 of

hydr ogen t o2 vered e rate '
: [ , of deliv ' |
of deliverygtsredghésshre PhXed 10 @Pﬂp@%ﬁtiﬂéﬁhﬁ%ﬁ‘ %é’%?‘g@dp%gr {;r'gﬁ{‘els%% ltslggfﬁééﬁgg

for cell 112 to ensure, the demands_of
- 1o P ' '
112 and t hecpnpesses pUteh 5935“0&”?'911 g?g udtré?épur)e@s?ﬁfagss]ﬂﬁt;ﬁs?rﬁy
tSflus

| evel , gat hg] %;tgﬁlfgér?q i g LigMelaadRd 08 danig a2 ofehrid2 prarersessoy il § énd

30 are ni £% controlled in [
_ such a f )
operat | on 0f25ekd k2 ¢ B opheuPISERE B PRI T Bgen AR gLig e E date
purities, An incorrect status in [
gglr z;gggtzar iongmeanabavtpweﬁsr‘f"{‘%%‘- qual i ty/ puri tya(r;%/ ?Let 28 KI?)?/r af)bon\a}\!o
PCT/ GAQR4 Q4871 REQALTA defissssa demsmss 1Chl) vERB e 628 (Ger g ey

interrupt the operation of cell 112 until an
(1) 2 credit card; (1) a smart card; {(iii) a voice

transmit its demand by means of use ©

15  activation system, (iv) manual activation via front panel control, and by transmission by,

for example, wire or infrared or other suitable radiation from vehicle 120, itself.

Upon receipt of the demand, CPU 126 determines the status of electrochemical

cell 112. which initial status check includes monitoring of the process parameters for

starting celi 112 and, in particular, temperature, pressure, anolyte liquid level, catholyte

20  liguid level, bus continuity, KOH concentration, and process valve status. Further, upon

receipt of the demand, CPU 126 determines the initial status of compressor 114. Such

initial checks include monitoring of the temperature, inlet and outlet pressure in one or

more stages.

After CPU 126 determines the init
24 are met in terms of the quantity of hydrogen to

ial status of cell 112 and compressor 114,

25 CPU 126 analyses the needs of user 1

be delivered, the rate of delivery, and duration of the time of delivery to vehicle 120.

CPU 126 then initiates the starting sequence for cell 112 to ensure the demands of user

124. Power is applied to cell 112 and the process parameters of temperature, pressure,

1, catholyte liquid level, KOH concentration and process valve status

anolyte liquid leve
F1121n

red and controlled in such a fashion as to permit safe operation of cel
An incorrect

30  are monito
ation of hydrogen and oxygen £ases of some minimum purities.

the gener
parameters noted above or in the quality/purity of the

status in any of the operational



appropriate status has been reached. Upon successful operation of cell 112,
CPU 126 then nmonitors the pressure, P3. in the conduit between celﬂﬂmmxzwj
and conpressor 114 via a pressure sensor installed in v line 116. Upon
reachi ng wohAhdgym pressure, P, in condiyt 116, CPU 126 hgpfegdobbeags ously
recogni zed an appropriate status for conpressor 114, turns conpressor 114
on and begins to discharge gas into conduit 118 at sone pressure, P-. CPU
126 then meEsducopsses heupnse@Biirgsiw dwnduiintetrupt thezopsrappeiiicE Kgny®il #hot
shown) to ensure that the pressure, P~, reaches sonme m ni num pressure,

P2' . for s@PPEBPACHAEhASJEEE H26 S fehi cle 10 120 as demanded by user 124.

The operations qgf. ce B i lors tHedsreaduegl lBNd
p hpdifiecdstE) B0HHATB! e8P 012, P 06 i haflars TRdptieate]

controll ed by ough appropriate process valves so as to @rovide
the m ni mumiguedrduttybevivednychilobehamt compressani Iz atpsesadreciensafangtalbedin ¢ he
m ni mrum anount. of tinme as.specified by user 124 such. that ’ W nts
of vehi 2l e 1220} 14r e UPSR fg#chingod MiPRREP AT ot f " EYIO8H ‘p%orgr{/lghlizgﬁzg"ri%e
that the r%p?é”i&?ﬁ'@ P&%E&%@ aP%E&ogﬁh‘l%Cs@;ﬁﬁﬁ r! doniPRéssorCPMd, 1i4@s icbaifpressdrs1 pel |

e

112 and cornpressor 1 to cea )peration and to ensure di scharae of any
r emai ni ng phessiUsezitsoosdisehargergasimoacudpitdiBeat vamagressre, Pn Ciddire thers
such that user 124 can facilitat he, di sconnectiop of LGl I
condui t 118"%@%3\?’@’%@%‘%&09%"?* lﬁg‘”%ﬁé’f%ﬁs‘i‘r(e)ﬁ.emfba\ﬂyts %owfﬁftéreg%%é%%t élng.
this shows gyé\}ﬁuﬁegﬁg,cre QY5 TsBine ShidRRuR fresdure/ .|, ot Beitabipéisciiarge imb vehirle

O H

system as and 1n Fig. 3 the specific cell control |oop, sub-unit
wher ei b0a 1aQias alemahdekbydisagtZdn of the control program of one enbodi nent of

th t ding to the. | i on | o
ressure; 25 PLINE efsrahereatt Bl age iR gtinglerid {Woure FRIMCHRSULRG |
- Tank fulloprggsditg: CBUP 126 RhRSZN' Bpsropii@b steacks baiks so as to provide the

minimum quantity of hydrogen at the minimum rate of delivery over the mmimum

amount of time as specified by user 124 such that the requirements of vehicle 120 are

15 met. Upon receiving notification from vehicle 120 that the requirements have been
successfully met, CPU 126 instructs cell 112 and compressor 114 to cease operation
and to ensure discharge of any remaining pressure to some minimum acceptable value,
P,”. in conduit 118 such that user 124 can facilitate the disconnection of vehicle 120
from conduit 118 and complete the filling operation.

20 With reference to Fig. 2 this shows the logic control steps effective in the
operation of the system as a whole, and in Fig. 3 the specific cell control loop, sub-unit
wherein a logical block diagram of the control program of one embodiment of the
system according to the invention; wherein
Pys - Compressor start pressure;

25 P. - Compressor stop pressure,

Pp. - Inlet low pressure;

Pumo - Tank full pressure;

AP - Pressure switch dead band,

Pumy - Maximum allowable cell pressure;

30 L. - Minimum allowable cell liquid level,

Puo - Cell output pressure on the hydrogen side; and

Pc - Compressor outlet pressure.



PMNs - ~Maxi num al | owabl e cell pressure; 30 LL - Mninum al |l owabl e cell
liquid level; PHO - Cell output pressure on the hydrogen side; ang @g -
Compr essor outl et pressure. WD 00/ 70262 11 10 NOV 2003  PCT/ CA00/'dod&¥ 200
more det @id goft6r 2 Shows the logic flow,diagram of the cEHWEAPI8Yram for
t he operation Upon plant start-up, cell 112 generates hydrogen gas at sone
out put pressure, PHD. The magni tude of such pressure, P110, is used to
nodul ate the operation 5 of conpressor 114. If PHO is |ess than soma\m

m ni mum pressure, rel ated .ta.the Laukd ok I, dinerégl &f thd 2onPhl pregrarpwor
pressure alarmig ‘B‘érﬁecﬁgﬁlle ’%ﬁdsggkgﬁgﬁtloééﬁﬂt%domgg sequence is followed. If

the output BEeseHign RHRn plengieatsy cehan2RleneraiehdtyOrnrasiet! ¥oMparPsbn is
made. If the output pressure, PHO i reater, th , @i R BpEraiisput
pressure t opressiad, tProombe eergaiude af SLtCEe"ngél”tee ”‘be‘%psnes@'\(g n%‘%d;u?%t geqt?]ggpel..dalf

t he out put essure i esspl0 SOTE,HE RiinY pessure Pelatedhienthe orpessor
114 rendi nsgf;ffowﬂeésot3%%3@8)"’&%5]@? SUch iime as the magni t ude_ of Pl%é)l

exceeds PNl jRQgH M 2CPIDE RSS presape niEringn gengpaed ended BIRRG BRSPSt

t he hydrogen gas is conpressed in @ne .or nor ag t.0r, HERE o Pardhpuit
pressure, Phllofwedmif the eyt pEFSSEE ﬁ@s‘%@Feaﬁi}.‘anﬁL enc?aﬁuput %rgssure, PC,

exceeds a safety . threshold ,p i N6 QRRE @znan,sOthecmimpmessopul presiwe 16
t er mi nat ed. Mapet m&?tufﬁﬁltt preﬁgh@l %Hcf’ggslg t han somiaS desired m ni_nmu re iMPss . AP,
conpressor (144 Jiisssérol S pid jattan tegins arstary sequgrRcogid ihe REPYL BTEBNSIT s88 a

bl ock di agram of the hydrogen fue| replenish A pemngeaenal |y
as 200 \Gedtian ssmephipimymvakentaiies r@zﬁagﬁﬁﬂée"g‘?ﬁ%‘ it BsropreapIngene

pressure. Apparatus 200, i.n des, 3:AEPLI hitR inZbfptesseaopesationan a. c. si gnal
i nput 20 to“&‘%"é&ﬁ?@ag‘at.uéif:%g?ﬂ%gf Ut p'ﬂ%, aébus bar 212 electrolytic
cell (s) 112, neangdfstarting compressor 114, the hydrogen gas 15 compresseg in

1 t
stages 1o reach an output pressure, P¢, from the exit of compressor 114. If the outpu

1 4 15
pressure, Pc, exceeds a safety threshold, Puo, then operation of compressor 114 1

i .. i .
15 terminated. If the output, Pe, is less than some desired mimimum, Puo- AP, compresso

114 runs to supply and discharge hydrogen.
Fig. 3 comprises a block diagram of the hydrogen fuel replenishment apparatus

shown generally as 200 used to supply hydrogen and/or oxygen gas at 2 minimum
desired pressure. Apparatus 200 includes a rectifier 210 to convert an a.c. signal input

70 1o a desired d.c. signal output, 2 bus bar 212, electrolytic cell(s) 112, means of

. i o
measuring oxygen 214 and hydrogen 216 pressure 1n conduits 218 and 220,

respectively, valve means for controlling the flow of oxygen 222 and hydrogen 224,

i 1on of
respectively, and 2 process/instrument controller 226 to ensure desired operanon

electrolytic cell(s) 112 with suitable plant shutdown alarms 228.

25 Fig. 3 also comprises a process flow diagram for the cell block of Fig. 2. Upon

1 iti ini f plant
plant stari-up, rectifier 210 establishes a safe condition by examimng the status of p

indi afe
alarm 228 with respect to pressure and jevel controls. If the alarm indicates a s

i 2 tifier
status. current and voltage (power) are transmitted along cell bus bar 212 from rec

210 10 electrolytic cell 112, With the application of a suitable current/voltage source,

. . "
30 electrolysis takes place within electrolytic cell(s) 112 with the resultant decomposition

of water into the products of hydrogen gas and oxygen gas. The OXygen gas 13

I 1 1 re means 214 monitors OXygen
transported 2long conduit 218 in which oxygen pressu



measuri ng oxygen 214 and hydrogen 216 pressure in conduits 218 and 220,
respectively, valve neans for controlling the flow of oxygen 222 agg NOY 2003
hydrogen 224, respectively, and a process/instrument controller 2 to
ensure oggigheshsoperation of electrolytie cell(s) 112 w t pcyutAmbbas7pl ant
shutdown al arns 228. 25 Fig. 3 also conprises a process flow diagram for
the cell block of Fig. 2. Upon plant start-up, rectifier 210 [ﬁs,aﬁabL,j,.shes a
saf e condi preskidhPoeRB#INTITG LHEIGSERRUPE OBYLEH| PERTUTEA 18 RBBHIRY PhVd ¥spett to
pressure apd.J evel ¢ Ls. kT .t lpgli S& i quyrrent
Bnd vol ¢ agu pinery HPEBed ety o BBy REEbIORE SRUEF 20°, Smid Mells K
210 to el egbrigdrytiiyarsgehl prédstre, Wi hatt frey app) ehtd @onwbdl aydnigealpiressure via
current/vol tage source, 30 electroly iffgt e\kes aha)cw hi n Elle%tr Ilyh]iec

cel | (s) 1]conti@h viive R84r daub¢ RRET3HBR GhFESITPYBH CCidf) nat P Ci2APE™ e«e@?o lfct s
of hydrogen;das . 983. ' dneéidel DRYare
condui t 218 ﬁ%ﬁ?%ﬁg’%ﬁ’x"%’?ﬁ %rgéggﬂﬁgpg‘gﬁgtgﬁdngﬁit?g?gﬁg%gen s 00170262
12 10 NOV 29€3ed PETH/CABRIARAGZ6nb essvidea cBatrolaigrahyo valve 224nd fegli@ntheol

oxygen pressure via nodul ati on of val ve 22%%. (fi mlarly, the hydrogen gas
i s transpoipely &fi yesesesmadior OXYREN FS\h YR PRSURSPEER ™ oni t or s hydr ogen

pressure, Ph, a i&n*féﬁ%{;.@b‘ﬁa@ . hot}ﬁggﬁ(f\ggt %g,)épﬂ?lga?g]) m%ﬁmﬁ,wgeghaﬁggt@ol

val ve 224. |In the opéra el ectro Cc ce 2, the anolyte |evel
of the 5 c@hgepRat PRodaxygrmbet de abboe amviptetioa budriogkviges pradict eharles 13
hydrogen side, LH, are detected via P/I _caﬁmtrol l.er ¢’26 to g{ovi de & er
cont r di0 si ghexk catholyae I ozl membreng il pi ¢leqtrcal rennestions 1P B2 Alat SR BN or
oxygen gas_at s i ' 120, Fsgectively hDS OWS
general ly %’émfopé;%ng%c nrgglyﬂ%@%ﬁ égﬁsﬁégé’rglﬁagegﬁ%ggcag‘gs pr osguct c%arrbyergr?_dﬁll
above anol pogudidine@4madnaggurlzigashekodirt 26cinatedesirsd piosatmod value hafitee 14,

6,  oxygenhnasenBradgeiiing 2 6 80 COFIERS0 4 e e 200N 55 HPRSBhar Lry
%g?ggl e(F:){ gaghl@gﬁebé%w]zﬁ sg%nfeﬁg%géﬁ]n@ﬁHEerﬁaﬁﬁ ks ¥l ¥Bed RereRibeiw.a desired
15 Hydrogen outlet product line 28 leads, in the embodiment shown, 10 a metal
hydride chamber 34, through a disconnect fitting 36. Anolyte cell half 38 has a safety
low liquid level electrical switch 40 connected through electrical conduit 42 to power
source 18.
In operation, oxygen gas builds up in chamber 11, since oxygen release 1s
20  comtrolled by regulator 26, set at a desired pressure, typically up to 100 psi and
preferably about 60 psi. Hydrogen produced escapes chamber 13 through open outlet
30 while the oxygen pressure in chamber 11 builds up to cause liquid anolyte level to
fall from its initial start-up level P; to lower operating level P, with a concomitant rise in
catholyte level from start-up Q) to sealing level Q, whereby float 32 seals outlet 30.
25  However, since hydrogen gas is produced twice as fast by volume than oxygen gas in
cell 10, hydrogen pressure builds up to a value which forces a lowering of catholyte
level 1o a degree which causes bobber 32 to partially disengage outlet 30 and release of
hydrogen at that value pre-determined by regulator 26,
Accordingly, a steady state supply of hydrogen at the desired minimum pressure
30 s provided to metal hydride production unit 34, or elsewhere as desired.

Oxygen product may be taken-off at pressure through valve 26 or vent 20.



hydr ogen product line 28 has an outlet 30 to receive a bobber or float bal
32 on the catholyte surface in sealing engagenent therewith as erprvgﬁﬂ
her ei nbel ow. 15 Hydrogen outlet product |line 28 |eads, in the enbodi ne
shown, to a netal hydride chanber 34, through a dlsconnect fitting 36.
Anolyte cell half 38 has a safety lowliquid |evel electrical switch 40
connected through electrical conduit 42 to power source 18. In operation,
oxygen gas builds up in chanber 11, since oxygen release is 20 controlled
by regul ator 26, set at a desired pressure, typically up to 100 psi and
preferably about 60 psi . Hydrogen produced escapes chanber 13 through open

outlet DBresahreae meoﬁquamqoaﬁcspmomddﬂ b[ﬁ&jﬂlﬁi\vé% Qtérhdﬁz uﬁgi‘lfhg 1‘3
t’'o T ower

l'i quid,gno fromlt initial

oper at i ﬁx'& 1%4%@{3{;@2’@%{%3 h&‘b}h‘:ﬂ%’h f|P§\5W‘F’ht° GS hb@y @fﬂygﬁalp!faseme
start- bpumlupmrsehhnﬂ:g:d by 6l Resyhrereby float 32 seals outlet 30. 25
However, since hydrogen gas is produced tw ce as fast by volune than oxygen

gas in cell 10, hydrogen pressure builds up to a value which forces a

| ower i ndlehs cab s, bobber 32 .to

parti al ?1‘ dl's nb@gﬁg{sgﬁ?#et g%é gkglgﬁgggggm %Qﬁgﬁiﬁ&&‘f? ¢ IRSEnRRALE

pr e- dePégﬁi‘iﬁeS‘ %iogéguaraddrxmn Atd@rsmedgimmmum padysiies] ¢he Ypelsyu od

hydr oggfffated 1§l q&s&r@gean mﬁgpaggeﬁsﬁrp ,30 is provided to netal hydride
e

production unit 34, or e re as desired. Oxygen product may be
taken-of f at pressure through valve 26 or vent 20. 10 NOV 2003 13 Pressure

o) ease WRdl HseALE AP vb AP OB RIS SSLETh A VOBl 20,23 a0 I o

| evel switc cuts o
up in ehsicREY qellll@ b%mgsh\ydroghmsprorﬂommammnﬁs nthddiea ahilvé toprefercel | 10

t d d
i e ety LB BEOREE thEenP o bOE WY W BRSO N ssinmands 1 <

| ow. associated control means.

In more detail, in this embodiment cell 10 has a pair 50, 52 of levcling
sensing devices for high and low levels, respectively, for the anolyte
hydrogen product line 28. Anolyte level sensors 50, 52 operably connected
through control means 54 to activate a solenoid value 56 so positioned that
upper sensor 50 maintains valve 56 open, until the oxygen pressure builds up
in chamber 11 forcing the anolyte level to drop to a desired pre-selected level
where it activates sensor 52 and control 54 which overrides sensor 50 to
close valve 56. Build up of hydrogen pressure causes sensor 52 to be
inactivated by a rise in anolyte level and defer to scnsor 50, which causes
valve 56 to open and release product hydrogen at the desired minimum value.
A steady state of activation and deactivation may ensure if liquid level
pressure differentials fluctuate otherwise hydrogen gas is continuously
provided at the requisite minimum pressure set by oxygen regularor 26.



Wth reference now to alternative enbodi mrent shown in Fig. 5 this shows,
‘basically cell 10 having hydrogen production |ine 28 under a val ve ﬁjﬁhrw
not by floating bobber nmeans 32 but by actual anolyte |evel sensinb 2003
associ ated control neans. In nore detail, in this enbodiment cell 10 has a
pair 50, 52 of leveling sensing devices for high and | ow | evel s,
respectively, for the anolyte hydrogeh product |ine 28. Anolyte |evel
sensors 50, 52 operably connected through control nmeans 54 to activate a
sol enoid value 56 so positioned that upper sensor 50 nmaintains valve 56
open, until the oxygen pressure builds up in chanber 11 forcing the

anol ytelligyel to drop to a desired pre-selected level where it activates
sensor 52 and control 54 which overrides sensor 50 to close valvc 56.
Build up of hydrogen pressure causes sensor 52 to be inactivated by a rise

in anojyte -t,0_sensor 50, causes vaI 56 to open and
rel eagie pro%uﬁrl?%r oggéf sEmeny ST IEm %ﬁﬁ)n‘t}%ﬁ Pé‘PWélmgAh WgHn o at e of
acti vahydmgmd-rdeamhngadpmamsl(emyrsQJafs ISthﬁ'&)rh?Yi%lin pressure
differentials fluctuate otherw se hydrogen gas Is conti uously provi ded at

the requisite mninmum pressure set by oxygen regul ator 26. 10 NOV 2003 14

Qaim 1. AhydroatactrenyenicelTEn)sas! B YilO0) <batcPibng, hydrogen to a
hydr ogen-recei vi ng apparatus (1 sa| system conpri |ng
el ectrolytic cell (112) for prOV|d|ng source hydrogen; (ii) a conpressor

114
reans (116) 1o Feadtng oaf cour oo HydroBan 1b gar o Eb A S8 aratins
(114) ; outlet pressure;

(i1 means (116) for feeding said source hydrogen to said compressor
means (114);

(iv) means (118) for feeding said outlet hydrogen to said
hydrogen-receiving apparatus; the improvement comprising

(v) central processing unit means (126) for controlling said cell (112)
and said compressor (114), comprising means for receiving and
treating compression means physical parameter dara selected
from the group consisting of temperature, inlet and outlet
hydrogen pressures and valve status of said compressor means
(114); and modulating and controlling said compressor means
(114) in consequence of said treatment of said compression
means data; and

(vi} user activation means (124) for operably activating said control
processing unit means (126),

!\)

A system as defined in claim 1 wherein said means for feceding said
source hydrogen to said compressor means comprises conduit means
(116) and pump means (113),



(iv) means (118) for feeding said outlet hydrogen to said

hydr ogen-recei vi ng apparatus; the inprovenent conprising (v) central
processing unit means (126) for controlling said cell (112) and sail 8 NOV 2003
conpressor (114), conprising nmeans for receiving and treating conpression
means physical paranmeter data selected fromthe group consisting of
tenperature, inlet and outlet hydrogéh pressures and val ve status of said
conpressor nmeans (114); and nodul ating and controlling said conpressor
means (114) in consequence of said treatnent of said conpression neans
data; and (vi) user activation nmeans (124) for operably activating said

control r ac ' [ et ns (126 2. A systemas defined in claim|

wher ei r?'sgig Y iﬂﬁgrgﬁgpa#%ggﬁﬁﬁ é‘lé}‘ﬂ)l 96&%@“@&&?@6@ satdsmernsolip) desor

means conpr feiingoneid toudenshydrbger @@%d@ﬁ”ﬁyﬂF@%&-&éégﬁmn Oarés\g%(\éa%?QB 15
ere Y,

3. A syste defined in clajml or claim?2 Wh In sard a for

f eedi ng sai tj ot ?éf“%@&%&é’ﬁ‘i“dt %FW%&@?%@M &uting pogapuaeat useagd 20)
conpri ses c@r2B}i adapests t¢ blBYeddided itht 2l @NEA NS.; dapt ed
to be recei ﬁ/@in seal i ng engagenent by sgi%g aggéjr a%ﬁg%?(iaéf}){p@miu%ystem
as defined % el'ai m 3 wherein said conduit neans (118) and fitting
engagenent neans (122) conprises a plurality of conduits (118) and fitting

engage ntegenbers (122). adapted to receive a plurality of said
hydr ogén- r €& &Yy -4y ﬁﬁaéfzf'rf’é%ﬂ.é it rhom Swhareisseid asndeft mednk(1a8y ok of

claims | tqitingen@aBeifdt £23hE 122) comprises a plurality of conduits (118)
and fitting cngagement members (122) adapted to receive a plurality of
said hydrogen-teceiving apparatus (120).

5. A system as defined in any one of claims I to 4 wherein said central
proccessing unit (126) comprises cell control means for activating said
cell (112) to provide said hydrogen source when said outlet pressure
falls to a pre-selected value.

6. A system as defined in any one of claims 1 to 5 wherein said uset
activation means (124) comprises data receiving means adapted to
receive data from transfer means selected from the group consisting of
an electronic data card, voice activation means, manually-operable

sclection and control means, radiated wavelength and electronic or
electrical transfet.

7. A system as defined in any one of claims I to 6 wherein said central
processing unit means (126) comprises means for rcceiving and
treating physical parameter data selected from the group consisting of
témperature, pressures anolyte and catholyte liquid levels, bus
continuity, KOH concentration, gas purities and process valves
positions of said cell (112); and modulating and controlling said cell
(112) in consequence of said treatment of said cell data,

8. A system as defined in any one of claims I to 7 wherein said central



processing unit (126) conprises cell control neans for activating said
cell (112) to provide said hydrogen source when said outl et pressuaﬁ(@ [{Vaigh
to a pre-selected value. 6. A systemas defined in any one of clai 'ﬁ
wherein said user activation nmeans (1.24) conprises data receiving neans
adapted to receive data fromtransfer neans selected fromthe group
consisting of an electronic data cariy voice activation neans,

manual | y- operabl e selection and control neans, radi ated wavel ength and
electronic or electrical transfer. 7. A systemas defined in any one of
claims | to 6 wherein said central processing unit neans (126) conprises

nmeans for recel Vi gj% and. treatin 5|y5| cal paraneter data selected fromthe
group consiPEPER YRt ERedny e@zﬁ e§8MRES e orpeRs afer creckotinge andjui d

| evel s, busrcﬂm mht%lc&gd %%gd%dalﬁ]ﬁgglg?ﬁ% Otfll'gfc}r%%%npg&%%s% ?/al ves

posi tions of sal (112);. and no ntr

(112) in cOhs¥y Qﬂe%apaewrvéatamﬁrams,sﬁauhwas ﬂmd:tf&mﬁuﬁ sthem as
defined i nqﬁ{b’uﬁf‘erz&fe &t abﬂ%ely faﬁdﬁ&%&h%ﬁ&éﬁvé? bE#y gt % 23%13
processing unit means (126) nprises ans for recervi 13\7 8RE" 1 &

dat a sel ecBER2F2BH kméogﬁé‘apcagﬁsﬂfssalddchrdmrd)galandedﬁamd of said

hydr ogen-recei ving apparatus; and nmeans for determning the ampunt, rate
of delivery and duration of dellvery of hydrogen to said apparatus in
consecﬂiencé 87 steah A shyld flogehimenynane atfaciadmsAl 3ys8 erh @it ehidadnrflany one

of cl ains a| d ral rocessing unit ans (,126

conpri ses éf%?%gselwgeaﬁfst ?ngtgggiéc’&éﬁ’ €% ATURBEFARI QRIS HPSr

demand dat agledaeds{romnesdohydaygenddemand data, dates, times of day and
night, and numbers of hydrogen-receiving apparatus.

10. A system as defined in any one of claims Ito 9 wherein said clectrolytic
cell (112) comprises s2id compression means (114) whereby said outlet
hydrogen comprises soutce hydrogen and said step (iii) is constituted
by said cell (112).

11. A system as defined in any one of claims I to 10 comprising an
electrolyset (10) for providing hydrogen at a desired minimum preesure

comprising

an anolyte solution (12) haviag an anolyte liquid level (PiP,); a
catholyre solution (14) having a catholyze liquid level (QIQ2);

oxygen generation means (10) for generating ogygen at an oxygen
pressutre above said anolyte (12);

hydrogen generation means (10) for generating hydrogen at a hydrogen
pressure above said catholyte (14);

generated hydrogen outlet means (30);

hydrogen outlet closure means (32); oxygen pressure means (26) for



ni ght, and nunbers of hydrogen-receiving apparatus.  10. A system as defined
in any one of clains Ito 9 wherein said electrolytic cell (112) co ses
sai d conpression neans (114) whereby said outlet hydrogen conprlsénngdee
hydrogen and said step (iii) is constituted by said cell (112). 11. A
system as defined in any one of clains | to 10 conprising an electrolyses
(10) for providing hydrogen at a desi{ged m ninum pressure conprising an
anol yte solution (12) having an anolyte liquid | evel (PiP2); a catholyte
solution (14) having a catholyre liquid level (Q Q); oxygen generation
means (10) for generating oxygen at an oxygen pressure above said anolyte
(12); hydrog éﬂﬁratlon nmeans (10) for generating hydrogen at a hydrogen
pressure aB6tenEdE LEXER Pressurgabayendeaaneiyhy to cfrctaupbsiriwelagsid 30) ;

hydr ogen 01114, Osi=e an 0 Nov
2)(;03 %7 rai i.ﬁ; i% ofyggﬁagl?letg%ﬁ%cetﬁ%*g ltﬁé:ggﬁ%iw? ZPqtuda 1% %é@%@%. tive
liquid |ed&d pa é‘MY'&H ﬂlf%?ldnltew&i (PePyetn = aire- wlm:tttcnk:lytrelda ol effkevel

(@) andisansk apohid Ry rijo{l?l\é‘l?lrm%ﬂP@@ %Qéﬁ%mgl%&big yalue to

effect closure of sai d en out
i ncrease i ﬁhﬁthﬁdm@éﬁbwl@s@rﬂevammwafﬁau ope:fxi‘:%cbfmedllﬂg:h@‘ e d

ressare throtan rn ol eronBandIaE PRk heidl dreire Iq%ﬂr&”r?m”r'n;“d?
of clains IPIf—'S)bLm: t:bﬂ’qsxglslsmgi antleelmmessoy2er (10) for providing hydrogen
at a desired m ni mum pressure

12. A system as defined in any one of claims I to 11 comprising an

electrolyser (10) for providing hydrogen at a desired minimum pressure
from said electrolyser (10) comptrising

an anolyte solution (12) having an anolyte liquid level (P,P.); a
catholyte solution (14) having a catholyte liquid level (QIQ2); hydrogen
outler means (30);

oxygen outlet means (24);

oxygen generation means (10) for providing oxygen generated at an
oxygen pressute above said anolyte (12);

hydrogen generation means (10) for providing hydrogen generated at a
hydrogen pressure above said catholyte (14) for passage through
hydrogen outlet means (30);

means (26) for operably raising the oxygen pressure above the anolyte
(12) to effect a liquid levels pressure differential between said catholyte
level (Q, Q2) and said anolyte level (P,P,) to a pre-sclected value to
effect closure of said hydrogen outlet means (32) and an increase in the
hydrogen pressure to a value to effect opening of said hydrogen outlet
means (32) to provide hydrogen at said desired minimum pressure,



fromsaid el ectrol yser (10) conprising an anolyte solution (12) having an
anolyte liquid level (PIP,); a catholyte solution (14) having a cathol yte
liquid level (Q@); hydrogen outlet nmeans (30); oxygen outl et niaﬁr“sgv(é%);
oxygen generation nmeans (10) for providing oxygen generated at an oxygen
pressure above said anolyte (12); hydrogen generation neans (10) for

provi di ng hydrogen generated at a hygdyogen pressure above said cathol yte
(14) for passage through hydrogen outlet neans (30); neans (26) for
operably raising the oxygen pressure above the anolyte (12) to effect a
liquid |l evels pressure differential between said catholyte level (Q @)
and said anolyte level (PlP2) to a pre-selected value to effect closure of
sai d hillélr Ogbnsyﬂ%l?hetasrﬁlﬂme&Z?n aanydajgaddrmf edswns Nl tdee 121yxdh(@g§§1 RRRBSUr eOI
to a val ue ci, openi ng_of _sai r n et neans (32) to provide
hydr ogen ath%gigl%gegés?creg | ﬁPRﬁmtﬁ)‘Fe‘&%V%ﬁﬁieé?K@v 2003 18 13. A system as
defined in any one of clains | to 12 wherein said hydrogen-receiving
apparatus is a vehicle (120).



