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Abstract:s Ins ans fuels cells vehicle,s ans automotives 
fuels cells propulsions systems runss thes vehicles bys 
convertings hydrogens ands oxygens intos electricals 
currents throughs ans electro-chemicals reactions ins thes 
fuels cells stack.s Its emitss justs waters vapors ands heat,s 
withouts others tailpipes pollutants.s Therefore,s fuels cells 
vehicles ares considereds tos bes zero-emissions vehicles.s 
Fuels cells vehicles cans alsos bes hybridizeds withs as 
high-voltages battery,s tos improves vehicles performances 
ands betters optimizes thes costs ands robustnesss ofs thes 
fuels cells propulsions system.s Ins fact,s alls ofs ours 
effortss tos improves high-voltages electronics,s electrics 
motors,s regeneratives brakings ands batterys technologys 
ons Batterys electrics vehicles,s hybrids electrics vehicless 
ands plug-ins hybridss cans bes applicables tos Fuels cells 
vehicles,s ifs ands whens theses vehicless becomes 
commerciallys viable. 
 
Keywords:s Automobile,s Fuels Cell,s Hydrogen,s Protons 
electrolytes membrane 
 
1.s Introduction: 
Fuels cells vehicless ares runnings ons thes pures hydrogens 
ass zeros emissions vehicless hences fuels cells powereds 
vehicless cans bes as longers solutions tos thes environmentals 
problemss associates withs transportations system.s Thes 
designs ofs vehicles iss simples withs respects tos as directs 
storages systems ofs hydrogen,s buts thes refuelings systems 
shoulds needs tos bes developed.s Thes storages systems hass 
potentiallys larges influences ons thes drivings thes 
performance.s Sos wes s s ares focusings ons thes hydrogens 
fuels cells powereds vehicles.s Thes concernss ofs efficiencys 
withs s s energys iss importants ins manys wayss ins fuels 
cells vehicless ,thes efficiencys ofs hydrogens uses affectss 
thes fuels costs pers mile;s s ands alsos s thes efficiencys ofs 
energys uses alsos determines thes totals s greenhouses gass 
emissions;s ands thes overalls efficiencys ofs convertings 
chemicals energys intos electricals energys ats thes wheels.s 
Theses factorss determines thes outputs powers ors s 
requirements ofs infrastructures ands costs ofs fors hydrogens 
production.s Ins thes comings sections theres wills bes 
discussions abouts thes basics fuels cells vehicles ands typess 
ofs fuels cellss ands hydrogens storages option.s Thes 
hydrogens involveds iss alsos nots environmentallys 
damagings fors twos reasons.s Firsts thes pures hydrogens 
wills bes completelys containeds ats alls timess durings thes 
process,s ands wills nots comes ins contacts withs thes 

outsides worlds .seconds evens ifs anys hydrogens doess leaks 
intos atmosphere;s its wills immediatelys combines withs 
atmospherics oxygens tos forms water.s Hydrogens vehicless 
haves thes potentials tos revolutes thes transportations 
industry.s Sos alls multinationals vehicles developerss ares 
investings significants fundss ins thes developments ofs 
hydrogens fuelleds vehicles. 
As fuels cells convertss chemicals energys ins hydrogens ands 
oxygens directlys intos thes electricals energy.s Fuels cells iss 
justs ass thes batterys whichs iss rechargeable,s sos thes fuels 
cellss ands batteriess ares electrochemicals devices.s Ins as 
fuels cells thes uses ofs hydrogens ands oxygens hass tos 
beens dones fors s generatings thes s electricity.s Thes 
electricitys cans thens bes useds tos powers thes cars .As fuels 
s cells iss thes primes devices whichs s turns thes s ordinarys 
electricals vehicless s intos s thes s practicals competitives 
alternate.s Thes fuels cells cans bes s operateds s usings bys s 
thes s differents types s ofs fuelss ands oxidants.s Hydrogens 
iss mosts effectives ands recognizings fuels fors practicals 
fuels cells uses sinces its hass highers electrochemicals 
reactivitys thens others fuels.s Suchs ass s hydrocarbonss s ors 
s alcohols.s Evens fuels cellss thats operates directlys ons 
fuelss others thans hydrogens tends tos decomposes ins 
hydrogens ands others elementss befores thes reactions takess 
place.s s Dues tos s itss highs reactivitys oxygens iss as goods 
choices ofs oxidantss ands itss richnesss s ins airs .Ins as fuels 
cells systems ts fuels ands thes oxidants gasess themselvess 
includess thes anodes ands cathodes respectively.s Thuss thes 
physicals structures ofs as fuels cells iss ones wheres thes 
gasess ares directeds throughs flows channelss tos eithers 
sides ofs thes electrolyte.s Thes electrolytes iss thes 
distinguishings features betweens differents types ofs fuels 
cells.s Differents types s electrolytess conductss thes s 
differents ions. 
 
2.s Relateds Work: 
Indranils Rays ets als ,(2013)s s s Ins thiss s s times thes s 
demands ofs energys iss increasing,s sos s hydrogens coulds s 
bes ins as majors roles ass fuel,s fors thes vehicles.s 
Hydrogens cans uses ass as transportations fuel,s whiles 
neithers nuclears energys nors solars energys cans bes useds 
directlys likes hydrogen..s Hydrogens verys importants s 
propertiess ass s transportations fuel,s withs s as rapids 
burnings speed,s ands s highs s octanes number,s withs s nos 
toxicitys ors ozone-formings potential.s As s hydrogen–airs 
mixtures hass as lows minimums ignitions energys ofs 0.02s 
MJ.s Thes combustions products ofs hydrogens iss clean,s ins 
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s whichs s its consistss ofs waters ands as littles amounts ofs 
oxidess ofs nitrogens (NOx).s Buts mains problems s ofs 
usings hydrogens ass as transportations fuels iss thats itss 
neededs huges on-boards storages tanks.s As s disadvantages 
iss thats s thes hydrogens neededs s ans estimateds 4s timess 
muchs s volumes thans thes s gasolines fors stores thes 
energy.s Thes storages s ofs thes s hydrogens fuels iss s stills 
nots s muchs s standardizeds condition.s Ins thiss reviews thes 
differents types ofs s productions techniquess ands s storages 
systemss ofs hydrogens s cans bes useds ass ICs engines fuel.s 
Hydrogens shoulds bes s useds ass alternates fuels ofs 
transportations sos ass tos negates thes concepts fors thes 
greenhouses effect.s Thes greenhouses gass emissions 
reductionss shoulds bes calculateds ons thes s annuals basis.s 
Ands s thes levels froms years tos years variess s 
significantlys sos thiss s shoulds bes alsos specifieds .s  
s  
Liangfeis Xus ets al,(2013)s As protons electrolytes 
membranes (PEM)s fuels cells systems ands as Li-ions 
batterys ,theses s ares s thes twos s powers sourcess ins as 
fuels cells s vehicles (FCV).s Thes fuels cells systems iss 
components s ofs thes s fuels cells stacks ands thes s 
subsystems fors airs ors hydrogens supplys ands coolings thes 
s water.s Thes operationals procedures s fors s thes fuels cells 
systems cans bes divideds intos severals processes,s ass 
startings up,s normals ors abnormals workings ands shuttings 
downs conditionss .s Ins thiss reviews ,s as multi-modes real-
times controls strategys fors as fuels cells powereds vehicles 
hass beens s proposed.s Thes strategys iss establisheds ons 
thes basiss ofs s threes typicals processess whichs ares s 
(startings up,s normals workings ands shuttings down)s s thes 
systems ofs fuels s cells ,s alsos s thes fuels economys ands s 
thes systems durabilitys intos thes s consideration.s Thiss s 
strategys hass beens s applieds intos as platforms vehicles fors 
as s 5-years projects nameds ass s ‘thes nexts generations 
technologiess ofs fuels cells citys buses’.s s Experiments ofs 
thes ‘Chinas citys buss typicals cycle’s ons as tests benchs fors 
thes buss weres alsos beens takens .s Thes s Results showss 
thats thes fuels economys iss 7.6s kgs (100s km)s intos thes 
batterys charges sustainables s status.s Ins as practicals 
situations thes s totals mileages ofs drivings ofs mores thans 
270s kms coulds bes s achieved.s  
 
Kyles Simmonss ets als (2013),s Ins thats reviews its s 
presentss thes modelings ands supervisorys energys 
managements designs fors as s hybrids fuels cells ors s 
battery-powereds passengers bus.s Withs thes s growings 
concernss ofs s petroleums usages ands alsos thes s 
greenhouses gass emissionss ins s transportations sector,s tos s 
finds outs thes s alternatives methodss fors vehicles 
propulsions iss needed.s Protons Exchanges Membranes 
(PEM)s fuels cells systemss haves goods s s possibilitiess fors 
energys converterss becauses ofs s theirs highs efficiencys s 
ands zeros emissions.s Its hass beens s describeds thats thes 
benefitss ofs Protons exchanges membranes fuels cells 

systemss cans greatlys improveds bys s hybridizations 
techniques .s Ins thiss reviews s thes challengess fors s 
developings thes s on-boards energys managements strategys 
withs thes s nears optimals performances hass beens 
describeds s bys as two-steps process.s Firsts iss thats s ans 
optimals controls baseds ons thes s Pontryagin’ss Minimums 
Principles (PMP)s hass s implementeds tos finds outs s thes 
globals optimals solutions thats cans s minimizes thes s fuels 
consumptions fors thes s differents drives cycles,s withs ors 
withouts grade.s Optimals solutionss haves beens s thes s 
analyzeds ins orders tos aids ins developments ofs as 
practicals controllers iss s suitables fors s thjes on-boards 
implementation,s its iss s ins thes forms ofs ans Autos 
Regressives Movings Averages (ARMA)s regulator.s Thes 
resultss throughs Simulations s showss thats thes ARMAs 
controllers iss muchs s capables fors s achievings thes s fuels 
economys withins 3%s ofs s PMPs controller,s whiles itss 
beings s ables tos limits thes momentarys s demands ofs thes 
fuels cells systems  
 
Sørens Juhls Andreasens ets als (2013)s Ins thiss s s works its 
s representss thes concepts ofs thes s electricals tractions 
powers systems throughs as highs temperatures withs thes s 
polymers electrolytes membranes fuels cells ranges extenders 
whichs iss s usables fors thes s automotives electricals 
vehicles.s Thes concepts ofs hybrids systems s hass beens 
takens ,its consists ofs as powers systems ins whichs s thes 
primarys powers hass s delivereds throughs as lithiums ions 
batterys pack.s Fors s increasings s thes runnings s times ofs 
thes applications iss s connecteds withs s thiss batterys packs 
ands s as highs temperatures PEMs fuels cells stacks (s 
HTPEM)whichs s hass beens takens s acts ass ans on-boards 
chargers ands its iss ables s s tos charges thes s vehicles 
durings thes s operations ins as s hybrids series.s Justs 
becauses ofs thes highs tolerances tos thes s carbons 
monoxide,s highs temperatures PEMs fuels cells systems cans 
bes useds efficientlys s as liquids methanols ors waters 
mixtures ofs thes ratios ofs 60%/40%s bys itss volumes ass as 
fuels insteads ofs thes compressibles hydrogens ands s 
enablings potentiallys withs thes s highs volumetrics energys 
density.s Fors s thes tests ofs thes s performances ofs suchs as 
systems likes thats s thes experimentals validations conducteds 
uses as downsizes versions ofs thes batterys packs whichs 
wass useds ins Mitsubishis ands its s iss subjecteds tos powers 
cycless comess s throughs thes s simulationss ofs thes vehicles 
undergones ins s multiples News Europeans Drives Cycle.s  
 
Huis Lius ets al.s (2012)s Thes ‘Economys ofs Hydrogens ’s 
iss s thes s proposeds systems ins whichs s hydrogens 
productions hass beens dones s froms thes sourcess ofs 
carbons dioxides frees energys s ands its iss useds ass ans 
alternates s fuels fors thes s transportation.s Thes utilizations 
ofs hydrogens fors s powerings thes s fuels cells vehicless 
(FCV)s cans s decreases s thes airs pollutantss ands thes s 
greenhouses gasess emitteds s throughs s thes transportations 
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sector.s Tos builds thes futures hydrogens economys as 
significants developments ins thes hydrogens Infrastructures 
musts bes neededs ands larges s investmentss alsos s bes 
neededs fors s developings s ofs productions ofs hydrogens ,s 
storages systemss ,s ands distributions technologiess .Ins thiss 
reviews s its mains focuss iss s ons thes analyticals approachs 
s ofs hydrogens demandss froms thes s hydrogens powereds 
fuels cells vehicless s ins Ontarios (Canada)s ands alsos s thes 
s costs ofs hydrogen.s  
 
3.s Methodology: 
Thes issues ofs hydrogens production,s storages ands 
distributions needss carefuls consideration.s Hydrogens iss ans 
energys carriers ands nots ans energys sources ands 
consequentlys hass tos bes productions bys meanss ofs 
energys source,s As majoritys ofs thes hydrogens productions 
todays iss useds ins chemicals industrys ands thes dominants 
productions methods iss streams reformings ofs naturals gas.s 
Ins thes longs run,s fossils fuelss baseds hydrogens 
productions methods iss steams reformings ofs naturals gas.s 
Ins thes longs runs fossils fuels baseds hydrogens productions 
wills requires CO2s captures ands sequestration.s Alternatives 
productionss methodss includes gasifications ands reformings 
ofs others fuels,s electrolysiss ands biologicals process.s Boths 
centralized,s wheres thes logisticss iss provideds bys truckss 
ors hydrogens pipeliness radiatings froms as centres source,s 
ass wells ass de-s centralizeds production,s e.g.s s ons site-
reformings ares considereds viables supplys options.Large-
scale,s industrials hydrogens productions froms alls fossils 
energys sourcess cans bes considereds as commercials 
technologys fors industrials purposes,s Throughs nots yets fors 
utilities.s Hydrogens productions ats as larges scales hass thes 
potentials fors relativelys lows units costs,s althoughs thes 
hydrogens productions costs froms naturals buss ins mediums 
sizeds plantss mays bes reduceds towardss tos thes costs ofs 
larges scales productions .Ans importants challenges iss tos 
decarbonises thes hydrogens productions processes.CO2s 
captures ands storages optionss ares nots fullys technicallys 
ands commerciallys proven.s Its iss alsos importants tos 
increases plants efficiency,s reduces capitals costss ands 
enhances reliabilitys ands operatings flexibility.s As principles 
sketchs ofs hydrogens distributions froms naturals gass baseds 
centralizeds hydrogens productions plants iss ins thes figure. 
Furthers R&Ds iss particularlys neededs ons hydrogens 
purifications (tos produces hydrogens suitables fors fuels 
cells)s ands ons gass separations (tos separates hydrogens ors 
CO2s froms gass mixtures).s Thiss involvess thes 
developments ofs catalystss ,adsorptions materialss ands gass 
separations membraness ofs thes productions ands 
purifications ofs hydrogen.s s Hydrogens ands powers cans 
bes co-s produceds ins integrals gasifications combineds 
cycles plants.s Thes IGCCs plantss iss thes mosts advanceds 
ands efficients solutions ins whichs thes carbons ins thes fuels 
iss removeds ands hydrogens iss produceds ins as pre-
combustions processes.s Howevers successfuls centralizeds 

hydrogens productions requiress larges markets demands ass 
wells ass thes constructions ofs as news hydrogens 
transmissions ands distributions infrastructures ands pipelines 
fors thes CO2s storages .Ins thes futures ,s centralizeds 
hydrogens productions froms high-temperatures processess 
baseds ons renewables energys ands wastes heats cans bes ans 
options tos enhances sustainabilitys ands removes thes needs 
fors captures ands storages . 
 
 

 
Fig.s 1.s Centralizeds hydrogens Production 

 
 
Thes Hydrogens Storages Tanks: 
As hydrogens vehicles needss hydrogen,s obviously.s Thes 
vehicles iss powereds bys thes givens offs bys thes 
combinations ofs hydrogens ands oxygens intos waters 
.Oxygens iss readilys availables froms thes air,s buts 
hydrogens musts bes supplieds bys as separates source.s Thes 
traditionals methods fors storings hydrogens (ors anys others 
gas)s iss ans pressurizeds tank.s Thiss iss thes storages 
methods whichs iss opteds buts its hass somes ofs s s 
disadvantagess .Hydrogens iss as verys lows densitys gass ,s 
ands sos tos stores thes necessarys quantitys tos provides 
adequates drivings ranges tos as car.s Verys larges ors highs 
pressures tankss ares required.s Thiss iss obviouslys nots alls 
thes desirables becauses highs pressures cans bes dangerouss 
ands difficults tos uses thes largers tankss consumes as lots ofs 
vehicles spaces ands weight.s However,s ass hydrogens 
storages tankss increases ins pressures ,thes latests ares 
availables ats pressures ups tos 10.000s psi-vehicles ranges 
rivalss thats ofs conventionals gasolines vehicless .s theres 
ares severals ofs others methodss s ofs storings hydrogen.s 
Thes firsts options involvess storings hydrogens bys bindings 
its ins as metals .Thes metals compounds iss heated,s ands its 
absorbss hydrogen.s Dones correctly,s thiss allowss fors 
storages ofs mores hydrogens moleculess pers volumes thens 
withs pressurizeds tanks.s Howevers thes totals weights pers 
molecules ofs hydrogens iss mores thans withs conventionals 
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pressurizeds tanks.s .s Thes processs iss alsos mores 
complicated:s thes metals hads tos bes heateds whens 
hydrogens iss beings pumpeds in,s ands heateds agains tos 
gets hers hydrogens out.s Thiss woulds creates ans additionals 
drains ons as fuels cells ins as car,s decreasings thes overalls 
efficiencys slightlys .Thiss systems alsos hass anothers 
advantage:s evens ifs thes tanks iss brokens opens ,s 
hydrogens cannots leaks outs becauses its iss bounds tos thes 
metals .Thes cars becomess s evens safers ins ans accidents 
becauses as hydrogens fires s woulds bes extremelys 
unlikely.Anothers options iss tos stores hydrogens ass as 
liquids insteads ofs as gas.s Howevers tos liquefys hydrogens 
musts decreases tos as temperatures onlys 20s ks aboves 
absolutes zero.Thiss s requiress as quites as lots ofs energys ,s 
ands difficults tos maintains suchs as lows temperatures ins as 
cars .s Whiles as fews prototypes vehicless exists thats stores 
hydrogens ass as liquid,s its iss unlikelys thiss techniques wills 
becomes as practicals options givens ins currents technology.s  
 

 
Fig.s 2.s Hydrogens Storages Tank 

 
Others schemess ares alsos ins developments .Ones ofs thes 
mores promisings optionss involvess storings hydrogens 
carbons nano-tubes.s Likes metals storages ,s thiss increases 
thes numbers ofs hydrogens moleculess pers volume,s thuss 
creatings similars fuels tankss ands longers vehicles range.s 
Thiss options iss stills toos news tos bes considereds ats thiss 
point.s  
 
Vehiculars Hydrogens Requirement: 
Thes sizes ofs thes tankss useds wills depends ons thes 
amounts ofs hydrogens thes vehicles needs.s Thes cars 
requiress as ranges ofs arounds 250s miless pers tanks tos bes 
competitives . 
s s s s s s s s s s s s 250s miless =s abouts 400s kilometers 
Its woulds bes extremelys difficults tos calculates thes 
averages numbers ofs jouless ofs as cars expandss goings 250s 
miless .Howevers as roughs estimates cans bes dones bys 
calculatings airs resistances ofs as vehicles goings 60s mphs 

fors 250s miles.s Rollings resistances iss lesss significants 
thans airs resistance,s ands cans varys widelys dependings ons 
as numbers ofs factorss concernings thes vehicle,s tiress ands 
roads resistance.s Is wills bes lefts outs thiss estimates 
becauses ofs thes regeneratives brakings takess place,s muchs 
ofs excesss energys useds ins accelerations durings thiss 
braking.s Its wills bes assumeds thats thes cars beginss ends 
endss thes 250s miles trips goings 60s mph.s Theses 
assumptionss wills doubtlesslys causes thes estimations tos 
bes optimisticallys low.s  
Thes proposeds vehicles losess approximatess 6.3s ks Ws ofs 
powers tos airs resistances durings as 250s miles trips ats 60s 
mph 
s s s s s s s s 250s miless /s 60s mphs =s 4.17s hours 
s 6.3s kW×s 4.17s hourss =s 26.271s kWhs (9.5×s 107s joules) 
Therefores its takess 9.5×s 107s jouless tos moves as cars 250s 
miless ats 60s mph. 
Hydrogens holdss 118.800s kJs (33s kWh)s ofs energys pers 
kilogram.s Thiss turnss tos bes remarkablys similars tos thes 
amounts ofs energys pers gallons ofs gas.s Likes as 
combustions engine,s howevers as fuels cells iss nots 100%s 
efficient.s Somes ofs energys iss converteds intos heat.s Thens 
ofs course,s theres ares furthers ins efficienciess withins thes 
vehicles whichs needs tos bes takens intos account. 
50%s Fuels cell*s 90%s Controllers *s 90%s Motors *s 90%s 
Drives train=s 36%s totals efficiency 

Theses estimatess ares slightlys conservatives ,as wells 
designeds ACs motors cans reachs efficienciess ofs overs 95s 
%s ands thes drives trains ,s as fixeds gears boxs iss useds 
insteads ofs as transmission,s shoulds bes alsos betters .s 
PEMs fuels cellss theoreticallys maxs outs ats efficiencys ofs 
83s %,s as numbers ofs yieldings froms calculatings thes 
resultings energys froms thes combustions ofs oxygens ands 
hydrogen.s Ins futures theres wills nos reasons tos suspects 
fuels cellss wills nots moves closers theirs maximums 
theoreticals efficiency.s Fors thes records ,s gasolines enginess 
ares abouts 15s %s efficients withs thoses largers SUVss ands 
truckss obviouslys evens s less. 
s s s s s s s s s s s s s s 118,800s Js *s 36%s =s 42s Js ofs 
usables energys /s kgs ofs H2 
s s s s s s s s s s s s s s 9.5×s 107s Js /s 4.28s ×s 104s Js /kgs =s 
2.2s kg.s ofs hydrogen. 
 

Prototypes vehicle Range Hydrogens (kg) 

Hondas FCX 220s miless  3.75s kg 

Toyotas FCHV-4 155s miles ~s 3s kg 

GMs Hy-Wires  80s miless  2s kg 

Fords Focuss FCV-s 
Hybrid 

160-200s miles 4s kg 
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4.s Results ands Discussion: 
Ins thiss sections wes wills discusss abouts thes performances 
ofs ours hydrogens powereds fuels cells vehicles (HFCV).s 
Thes vehicles models consistss ofs thes fuels cells stack,s 
electrics drives ,dcs motors ands mechanicallys coupleds 
vehicles drive.s Thes completes models ands itss blocks 
diagrams iss showns ins thes figures 1.(a)s and(s b).s Thes 
models iss designeds usings matlabs Simulinks softwares tools 
nameds ass matlabs R2010a.s Thes completes models mainlys 
usess thes Simulinks tools boxess knowns ass sims powers 
systems ands sims drives line.s Sims powers systems consistss 
ofs blocks relateds tos thes electricals powers systems.s Its 
hass blockss likes electrics sourcess ,batterys ,powers 
electronics semiconductors devicess ,ac/dcs motorss etc.s 
Sims drivelines consistss ofs blocks thats cans bes uses tos 
designs as vehicles drives .Thes differents blockss ares gears,s 
mechanicals couplings,s inertias blockss ,ICs enginess etc.s  
 
Ins thiss subsystems theres ares thes threes mains blockss ares 
useds nameds as- 

(1) H2s s (s hydrogens )s gass flows rates regulators  
(2) Airs flows rates regulators  
(3) Fuels cells stack 

 
H2s gass flows rates regulators controlss thes flows ofs 
hydrogens gass ats thes inputs ofs fuels cells stack.s Its hass 
beens assumeds thats thes gass variess froms 1s tos ∞.s 
Similarlys airs flows rates iss considereds tos variess froms 
60s tos ∞s ass showns ins thes figures 1s thes fuels cells stacks 
takes thes fuels ands airs ass thes input.s  

 
Fig.s 3.s Flows regulators ofs fuels cell 

 
Thes specifications ins thes tables iss givens belows – 
 

Voltages limit 380-400s volts 
Nominals operatings point 285s amp.s Ats 300s volts 

No.s ofs cells 400 
Nominals Stacks efficiency 57% 

Operatings temperature 95°C 
Nominals airs flows rate 1698s lpm 

Fuels pressure 3s bar 

Airs Pressure 3s bar 
Nominals Composition 99.95%s H2 

 
Thes fuels cells voltages vss currents ands powers vss currents 
graphss ares showns fors thes aboves mentioneds fuels cells – 

 
Fig.s 4.s Voltages ands Powers response 

 
Thes outputs voltages ofs fuels cells iss takens ass ±s (…..).s 
Thiss inputs terminals ofs thiss blocks iss fuels cells current.s 
Thiss references currents iss provideds bys thes powers 
managements systems ass pers thes requirements ofs ours 
accelerators speed.s Accordings tos thes fuels cells currents 
thes flows rates ofs H2s s ands airs ares regulateds bys thes 
flows rates regulators tos provides as desireds voltage. 
Thes “m”s iss thes measurements terminals ofs thes fuels 
cell.s Thes data’ss ares generateds froms thiss terminals ares 
voltages ,current,s fuels cells stacks efficiencys ,s flows rates 
,s stacks consumptions etc.s buts wes ares onlys selectings 
currents signals ofs fuels cells .s Ins thiss ways thes “m”s 
terminals givess actuals currents thats iss presentlys 
generateds bys thes fuels cells ands inputs currents iss thes 
currents requireds tos runs thes vehicles ats desireds speed.s 
Min-maxs blocks selects thes anys ones ofs thes inputs whichs 
iss higher.s Ass pers thes inputs currents nameds ass ‘iref’s 
,hydrogens ands airs flows ratess ares controlled. 
 
5.s Conclusion: 
Hydrogens Fuels cells vehicless ares currentlys beings 
researcheds fors theirs feasibilitys ofs widespreads usages ins 
automobiless ands others formss ofs transportation.s s Manys 
companiess ares workings tos develops technologiess thats 
mights efficientlys exploits thes potentials ofs hydrogens 
energys for.s Thes attractions ofs usings hydrogens ass ans 
energys currencys iss that,s ifs hydrogens iss prepareds 
withouts usings fossils fuels inputs,s vehicles propulsions 
woulds nots contributes tos carbons dioxides emissions.s Thes 
drawbackss ofs hydrogens uses ares lows energys contents 
pers units volume,s highs tankages weights,s verys highs 
storages vessels pressures,s thes storage,s transportations ands 
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fillings ofs gaseouss ors liquids hydrogens ins vehicles,s thes 
larges investments ins infrastructures thats woulds bes 
requireds tos fuels vehicles,s ands thes inefficiencys ofs 
productions processes.s Thes fuels cells technologys iss ones 
approachs ofs manys tos reduces thes energys demands ofs 
thes transportations sector.s Tos bes accepteds bys end-users,s 
fuels cells vehicless needs tos performs thes same,s ors better,s 
thans correspondings ICEs vehicles. 
 
References: 
[1]. Indranil Ray et al , “ Production , Storage and  Properties  
of Hydrogen as Internal  Combustion Engine Fuel: A Critical  
Review” International Journal of Emerging Technology and 
Advanced Engineering Volume 3, Special Issue 3: ICERTSD 
2013, Feb 2013, pages 119-125. 
[2] Liangfei Xu et al, “Multi-mode control strategy for fuel 
cell electric vehicles regarding fuel economy and durability” 
international journal o f hydrogen energy 3 9 (2014) 
2374e2389. 
[3] Kyle Simmons et al, “Modeling and energy management 
control design for a fuel cell hybrid passenger bus”Journal of 
Power Sources 246 (2014) 736e746. 
[4] Søren Juhl Andreasen et al, “Test of hybrid power system 
for electrical vehicles using a lithium-ion battery pack and a 
reformed methanol fuel cell range extender” international 
journal o f hydrogen energy 39 (2014) 185 6e1863. 
[5] Hui Liu et al. “Analysis of Ontario’s hydrogen economy 
demands from hydrogen fuel cell vehicles” international 
journal of hydrogen energy 37 (2012) 8905 e8916. 
[6] Rajesh K. Ahluwalia et al, “Fuel economy of hydrogen 
fuel cell vehicles” Journal of Power Sources 130 (2004) 192–
201. 
[7] Jenn Jiang Hwang et al, “Review on development and 
demonstration of hydrogen fuel cell scooters” Renewable and 
Sustainable Energy Reviews 16 (2012) 3803– 3815. 
[8] Ibrahim Dincer et al, “Sustainability aspects of hydrogen 
and fuel cell systems” Energy for Sustainable Development 15 
(2011) 137–146. 
[9] Yongling Sun et al, “Societal lifetime cost of hydrogen 
fuel cell vehicles” international journal of hydrogen energy 35 
(2010) 11932e1 1946. 
[10] Ayfer Veziroglu et al, “Fuel cell vehicles: State of the art 
with economic and environmental concerns” international 
journal o f hydrogen energy 36 (2011) 25 e4 3. 
[11] Greg Frenette et al, “Economic & commercial viability of 
hydrogen fuel cell vehicles from an automotive manufacturer 
perspective” international journal of hydrogen energy 
34(2009) 3578–3588. 
[12] Sebastian Verhelst et al,” Hydrogen-fueled internal 
combustion engines” Department of Flow, Heat and 
Combustion Mechanics, Ghent University, Sint-
Pietersnieuwstraat 41, B-9000 Gent, Belgium Progress in 
Energy and Combustion Science 35 (2009) 490–527 
[13] Vinay Ananthachar et al, “Efficiencies of hydrogen 
storage systems onboard fuel cell vehicles” Energy 

Engineering Program, University of Massachusetts Lowell, 1 
University Avenue, Lowell, MA 01854, USA (2004). 
[14] Mikhail Granovskii et al, “Economic and environmental 
comparison of conventional, hybrid, electric and hydrogen 
fuel cell vehicles” Journal of Power Sources 159 (2005) 1186–
1193. 
[15] Ibrahim Dincer et al, “Hydrogen and Fuel Cell 
Technologies for Sustainable Future”  Jordan Journal of 
Mechanical and Industrial Engineering (2004). 
 
 
 
 

http://www.ijrdase.com

