
   International Journal of Research and Development in Applied Science and Engineering (IJRDASE) 
ISSN: 2454-6844 

 

Available online at: www.ijrdase.com Volume 20, Issue 1, 2020 
All Rights Reserved © 2020 IJRDASE 

 

Fuel Cell based Vehicle Design and Performance- A 
Review 

Avanish Pandey, Umesh Chandra Verma 
Mechanical Engineering Department 
IET, Dr. RMLAU, Ayodhya (U.P.) 

 
Abstract:s Hydrogens fuels cells vehicless ares similars tos 
batterys electrics vehicless ins thats theys uses as high-
voltages electrics motors tos propels thes vehicle.s Fuels 
cells vehicless ares equippeds withs as hydrogens fuels 
tanks ands as fuels cells systems thats generatess electrics 
powers tos drives thes electrics motor.s Sos fuels cells 
vehicless uses on-boards hydrogens storeds ins thes fuels 
tanks ands refueleds ins minutes.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. 
 
Keywords:s Automobile,s Fuels Cell,s Hydrogen,s Protons 
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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. 
 
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 
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 
Hydrogens ass as futures energys sources s hass as larges s 
numbers ofs advantages.s Ones ofs hydrogen’ss primarys 
advantages ofs hydrogens iss thats its cans bes produceds 
froms thes differents typess ofs primarys sources,s ands its 
wills muchs s likelys bes readilys reachables s almosts 
anywheres ins thiss world.s Others mains advantages ofs 
hydrogens ins comparisons tos others s fuelss iss thats it’ss s s 
majors oxidations products iss waters vapor,s ands itss uses 
producess nos carbons dis oxides .s Hydrogens alsos helps tos 
s reduces thes carbons emissions,s whichs s produceds froms 
thes s renewables energys sourcess ors bys thes s nuclears 
energy.s Thes s s hydrogens productions bys thes s fossils 
fuelss causess thes cos productions ofs carbons dioxides 
(CO2)s ands s its iss assumeds tos bes mainlys responsibles 
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fors thes sos ‘‘greenhouses effect’’.s Theses processess haves 
beens useds thes non-renewables energys sourcess fors thes 
productions ofs s hydrogens whichs s ares nots sustainable.s 
Sos renewables energys sourcess ands s relateds technologiess 
fors thes s hydrogens productions wills bes s neededs s ins s 
comings time.s Hydrogens alsos hass somes s propertiess ass 
as s ICs enginess fuelss s ins automobiles.s Hydrogens s cans 
bes useds ass as fuels directlys intos s thes s internals 
combustions s engines iss s nots muchs differents froms thes 
enginess useds withs thes s gasoline.s Thes problems iss thats 
whens s hydrogens suppliess threes timess thes energys s ofs 
gasolines its hass onlys ones tenths thes densitys whens thes 
its iss ins as liquids forms ands thens s verys muchs lesss 
whens its iss storeds ass s compresseds gas. 
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 
Thes concepts behinds thes usings ofs as highs temperatures 
PEMs fuels cells systems fuelleds withs thes s steams 
reformations ofs s s methanols ass thes s ranges extenders ins 
thes s electricals vehicles beings analyzeds throughs thes s 
experiments whichs ares performeds s ins thiss works ons s 
thes s hybrids electricals systems usings withs s simulations s 
s baseds ons thes News Europeans Drives Cycles is 
as vehicles simulations model.s Ins s thes absences ofs 
regeneratives breakings thats potentiallys alsos iss availables 
fors s increasings s thes runnings s times ofs thes batterys 
packs durings thes drives cycles thes fuels cells acts likes thes 
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s efficients s ands stables s ranges extenders ,s slightlys s s 
increasess thes runnings times ands ranges ofs s powers 
system.s Dependings upons s thes actuals drivings profiles ofs 
thes vehicles ins questions tos s fors balancings s betweens 
thes s batterys ands thes s fuels cells powers cans bes 
optimizeds easilys s Thiss works hass beens dones ins 
experimentals basiss whichs s demonstrateds thes uses ofs thes 
s liquids cooleds highs temperatures s PEMs fuels cells stacks 
ins thes hybrids electricals systems whichs iss s usables ins 
vehicles applications 
 
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 
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 Threes ps hydrogens potentials s 
demands scenarioss overs thes s longs periods ofs times hass s 
projecteds tos estimates thes s hydrogens fuels cells vehicle’ss 
s markets penetration,s ands s costs associateds withs thes 
productions ofs hydrogens storages ands distributions s alsos 
beens s calculated.s As sensitives analysiss hass beens s dones 
s fors thes s investigations ofs s thes incertitudes s ofs s somes 
importants s parameterss fors s thes designings s ofs as futures 
hydrogens infrastructure.s Its hass beens s founds thats s costs 
ofs hydrogens iss verys sensitives thens thes electricitys prices 
buts others factorss likes s waters prices ands alsos s s energys 
efficiencys ofs electrolysis,s ands s lifes ofs plants s hass s 
insignificants impacts ons thes totals costs ofs hydrogens 
production 
 
Rajeshs K.s Ahluwalias ets al,s (2003)s accordings s thes 
basiss ofs s energys consumption,s thes s fuels economys s ofs 
hydrogens fuelleds s lights dutys vehicless hass beens 
projecteds tos ands its coulds s s 2.5–2.7s timess thens s 
conventionals gasolines internals combustions engines 
vehicless economys ats thes sames platforms Withs thes s 
lesss efficients buts highs powers densitys ofs s 0.6s volts s s 
pers cells thans thes bases cases ofs s 0.7s volts s pers cells ats 
thes rateds powers points s thes hydrogens powereds fuels 
cells vehicless (HFCVs)s ares projecteds tos offerings thes s s 
sames amounts ofs s fuels economys multipliers essentiallys 
.Thes keys fors s obtainings thes s highs fuels economys ass 
measurings s ons s thes standardizeds urbans ands highways 

drives schedules liess fors s maintainings highs efficiencys ofs 
thes fuels cells s systems ats thes s lows load.s Fors achieves 
thiss insteads ofs s as highs performances fuels cells stacks 
thes s lowers s parasitics lossess ins thes airs managements 
system,s turndowns ands parts loads efficienciess ofs thes 
Compressors expanders module)s ares verys critical.s Fors 
thes s equals s energys contents ofs thes fuels s thes 
Hydrogens fueleds fuels cells vehicless offerss thes s 
potentials s fuels economys ofs thes s multiplierss ofs 2.7s 
ands 2.5s fors as compacts ands mids sizes alsos withs thes s 
sports utilitys vehicles .s s Fors thes s non-hybrids vehicle,s 
thes s improvements ofs potentials s ins as s fuels economys 
overs thes s standards ,urbans ands highways drivess s 
scheduless ands s degradess onlys s thes design-points s ofs 
thes s cells voltages iss lowers froms 0.7s tos 0.6V.Sos s 
theres iss littles incentives durings thes s selections ofs s as 
highs s cells voltages ats thes rateds powers points iss s givens 
thats costs ands thes sizes ofs as fuels cells powereds vehicles 
,likes its iss s thes verys s expensives components ins thes s 
systems ofs as fuels cell,s increasings s non-linearlys s withs 
thes s increments ins cells voltage.s Thes powers 
consumptions ofs s thes airs managements systems showss s 
thes largests parasitics losss ins thes systems ofs as fuels cell.s 
Fors s preservings s thes benefitss s ofs thes efficiencys ofs 
thes fuels cells stacks ats thes s parts loads its iss muchs 
neededs s tos selects thes s airs managements systems whichs 
iss capables tos s achieves s as reasonables turndowns ands 
alsos cans operates s ats reduceds pressures ats s wheres thes 
efficienciess ofs CEMs componentss s ares normallys s lows 
ats parts loads .s Thes compacts mid-sizes ands sports utilitys 
fuel-cells vehicless hass beens s analyzeds ins thes s works 
wills needs 4.3,s 5.1,s ands 6.4s kgs respectively,s ofs s thes 
recovereds hydrogens ons boards s storages s fors achievings s 
as drivings ranges ofs 320s miless betweens thes s refuelings 
(s whichs iss baseds ons thes s fuels economys overs thes USs 
Federals Urbans ands s thes Highways Drivings Schedules).s s 
Furthers gainss ins thes hydrogens fuels cells s vehicless thes s 
fuels economiess ares muchs s possibles ifs theirs masss s 
drags coefficients ofs drag,s ors s thes rollings frictions 
coefficients s cans bes reduceds  
 
 
Jenns Jiangs Hwangs ets al,s (2012)s s Thiss Papers iss as 
reviews ons thes currents technologys ofs thes fuels cells 
scooterss s .s Thes s Fuels cells scooterss bys natures theys s 
haves zeros emissionss ins them,s ands theys alsos s haves 
thes potentials fors s replacings thes s currents internals 
combustions s propelleds engines scooters.s Firsts ofs alls s 
thes fundamentalss ofs fuels cellss includings withs s thes 
criticals technologiess whichs ares s pertainings tos thes s 
fuels cells enginess ands s storages ofs hydrogens hass beens s 
introduced.s Afters thats s thes technicals feasibilitys whichs 
iss useds ins thes s fuels cells scooterss hass beens s 
discusseds ins thes s parallels withs thes s infrastructures 
models ofs hydrogens infrastructures .s Thes wholes 
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completions s ofs s thes fuels cells scooterss wass presenteds 
ins Taiwans .s however,s thes contributions fors thes s 
replacements ofs s thes s petrols scooterss bys hydrogens fuels 
cells scooterss iss fors thes s reductions ins greenhouses gass 
(GHG)s emissions ands energys conservations ofs energys s 
wass calculateds .Furthermores s competitions ofs industriess 
s withs regardings s tos thes developments ofs fuels cells 
scooterss hass beens s discusseds ons thes basiss ofs as 
strengthss weakness,s opportunities,s ands thes s threatss 
(SWOT)s analysis.s Ins conclusions withs thes matures 
technologys ofs thes fuels cells togethers withs thes s solids 
foundations ofs thes scooters industry.s Taiwans offerings thes 
s conditionss thats thoses weres s conducives fors thes 
developments ofs fuels cells powereds s scooters.s Is socials 
ands technicals capabilitys ofs fuels cells wills s proveds ons 
as accounts ofs thes leadings demonstrationss ofs s thes fuels 
cells powereds scooterss ins thes world.s Ifs as successfuls 
businesss models cans develops ,s thes wholes s wills bes 
ables tos s enjoys thes advantagess ofs tappings withs s thes 
larges s globals markets fors zero-emissions vehicles.  
 
Ibrahims Dincers ets al,s (2011)s Thes contributions fors s 
sustainabilitys ofs s hydrogens ands thes s fuels cells systemss 
hass beens s describeds withs thes intentions tos s provides s 
as importants s understands s thes roles ofs s hydrogens 
whichs s iss expecteds tos plays ins thes s sustainables energys 
systems.s Thes demonstrations thes s whats ares s thes 
benefitss ands alsos thes sustainabilitys attributess ofs 
hydrogens systemss cans bes observeds usings thes s 
thermodynamics,s assessments ofs lifes cycles s ands others 
differents s methodss ands its cans bes saids thats s thes s 
hydrogens fuels cells systemss cans plays as vitals s role,s 
mainlys s bys facilitates s bys s usings s ofs renewables 
energys ands bys increasings thes s efficiency.s Thes usefuls 
things s ofs thes s exergys methods fors thes enhancements s 
ofs efficiencys s ands sustainabilitys ofs thes s hydrogens 
energys systemss .Thes mains advantages s ofs hydrogens 
energys ands thes s s fuels cells systemss ins tos s mitigates 
thes s environmentals impacts,s includeds thes s climates 
change,s iss alsos s highlighteds throughout.s Twos 
illustrationss weres s presenteds ins whichs s s ones iss s 
coverings thes s efficiencys assessments ofs as Protons 
exchanges membranes (PEM)s fuels cell,s ands thes seconds 
ones iss fors s as lifes cycles assessments tos thes s fuels cells 
powereds vehicles.s Thes maximums consumptions ofs 
energys fors thes internals combustions engines vehicles 
(ICE)s iss thes usages stage.s Energys consumptions ins thes 
PEMs fuels cells powereds vehicless ins uses iss smallers 
manys times..s Ons thes s basiss ofs as lifes cycles ,s 
consumptions ofs energys s ands thes s emissionss ofs thes 
greens houses gasess s fors s thes PEMs fuels cells ares lessers 
s thans s thes halfs ins comparisons s fors thes internals 
combustions engines vehicle.s s Dependings upons ons thes 
resources ofs hydrogens theses resultss cans bes varys .Its iss 
expecteds thats theses resultss wills bes verys usefuls fors thes 

scientistss ,researchers scholarss s s ands engineerings 
fellowss s ands alsos fors thes s policys ands decisions 
makerss  
 
Yonglings Suns ets al,s (2010)s s Ins s Thiss works s its iss s 
employeds fors thes s socials s lifetimes costs fors thes 
evaluations ofs s hydrogens fuels cells powereds s vehicless 
(HFCVs)s froms as socials s welfares perspectives ins thes 
comparisons ofs s thes s conventionals gasolines vehicles.s Ins 
thiss as learning-curves models fors thes fuels cells systems 
costs estimations s overs s thes times iss employeds .s Thes 
deliverys s fuels costs ofs hydrogens fuels iss estimateds bys s 
usings thes s hydrogens supplys pathways models nameds 
DAVIDs SSCHISM,s ands vehicles costss ofs thes mosts 
vehicles s haves beens estimateds s bys usings thes Advanceds 
Vehicles Costs ands Energys Uses Model.s Fors thes s 
estimations ofs s externals cost,s thes s uses s ofs Advanceds 
Vehicles Costs models s ands thes Lifecycles Emissionss 
Models iss beings useds .Heres thes s hydrogens transitions 
costss overs s as ranges ofs markets penetrations hass beens 
examineds withs externals evaluations,s assumptionss ins 
technologys ,s ands thes prices ofs oil.s Ins thats s thes s 
resultss showss s thats howevers s thes s differences ofs costs 
betweens thes s fuels cells powereds vehicless s ands ins thes s 
gasolines powereds s vehicless iss ins s verys larges positions 
ins thes initials ,s Fuels cells vehicless accordinglys hass s 
becomes thes s lifetimes costs competitives ins comparisons 
withs s gasolines vehicless becauses theirs productions 
volumes increasing,s evens whens withouts accountings fors 
theres externalities.s Highers evaluations ofs thes s 
externalitiess ands highs s prices ofs oils cans s reduces thes 
buys downs costs alsos (cumulatives investments whichs s 
neededs tos brings thes s hydrogens fuels cells vehicless s fors 
s lifetimes costs equalitys s withs s thes gasolines powereds s 
vehicles)s bys 10s billions USs dollarss relatives tos thiss 
reference. 
 
Ayfers Veziroglus ets al,s (2010)s Hydrogens powereds fuels 
cells vehicless (HFCV)s s wills plays as s vitals roles ass as 
parts fors changings towardss thes energys systems whichs iss 
baseds ons hydrogens .s Whens its iss s combineds withs thes 
rights s energys sources thens s fuels cellss haves thes highests 
potentials ofs s efficiencys s ands lowers potentials emissionss 
bys anys ofs thes s vehiculars powers source.s Ass thes s 
result,s extensives works fors s thes developments ofs 
hydrogens powereds fuels cells vehicless s iss takings place.s 
Thes mains s aims ofs thiss papers wass s tos precises s thes 
researchs ands developments relateds s works whichs hass 
beens s takens places s ins thes pasts fews s yearss ons thes s 
cells s technologys ofs fuels cells powereds vehicles,s withs 
thes s focusings s ons s thes economics ass wells ass 
environmentals concerns.s Its cans bes observes thats thes 
currents effortss ares divideds intos differents parts.s Thes 
performances ofs thiss technology,s durability,s ands alsos 
thes fuels cells technologys costs shoulds bes improveds 
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continuously,s ands somes ofs thes fuels cellss ares currentlys 
readys fors mountings ons thes vehicless ands tested.s Thes 
Environmentals ands economicals assessments ofs thes wholes 
hydrogens supplys chain,s includings thes fuels cells ends 
use,s alsos s beings carrieds outs ins thes s groups ofs 
researcherss arounds thes wholes s world.s Its cans bes saids 
thats s currentlys thats fuels cellss needss ats leasts fives 
yearss mores s fors testings ands improvements s befores thes 
s larges scales ofs s commercializations cans begin.s 
Economics ands environmentals analysiss showss s thats thes 
fuels cells powereds vehicless s wills likelys s tos bes 
economicallys competitives ands alsos s environmentallys 
benign.s Althoughs ,thes transitions ins s thes transportations 
sectors fors s thes uses ofs hydrogens fuels cells powereds 
vehicless wills represents ones ofs thes biggers s stepss 
towards thes economys ofs hydrogen. 
s  
Gregs Frenettes ets al,s (2009)s Thes s experiences ofs s Fords 
Motors Companys withs thes s Fuels Cells powereds Vehicles 
wass s technologys begans overs tens yearss agos withs thes 
concepts ofs P2000.s s Thes Developments ofs thiss vehicles 
demonstrateds thes technologicals feasibility,s ands revealeds 
s thes sos manys s ofs thes s challengess fors thes 
commercializations ofs automotives fuels cells vehicles.s Ins 
thes years s 2005,s Fords Motors Companys s launcheds thes 
Focuss fuels cells powereds vehicles s ins thes s partnerships 
withs thes U.S.s Departments ofs Energy(D.O.E)s ands s Fuels 
Cellss Hydrogens ands Fuels Cellss Canada(s HFCC)s s ands 
withs s alsos withs s thes helps ofs s Cleans Energys 
Partnerships (CEP).s Thes s fleets wass testeds accordings tos 
thes s s Federals Motors Vehicles Safetys Standardss ands its s 
wass placeds ins thes s services fors generals ons roads usage.s 
Thes followings s Focuss fleets ands s Fords introducess s thes 
Fuels Cells Explorers ins thes years 2005s thes Hydrogen999s 
ins 2007s ,s ands alsos s thes HySeriess Edges (2007).s 
Withins everys s ofs thoses s news vehicles,s severals types 
ofs s forwards lookings technologiess fors thes s on-roads 
demonstrations ands testings weres implemented.s Tills dates 
thes fuels cells powers trainss ofs thes companys s haves 
loggeds overs thes s 1s millions miles,s ands s accumulateds 
overs thes s 30,000s hs ofs operations,s propelleds thes fuels 
cells powereds vehicles s ins excesss thes s ofs 207s miless 
pers hours s ands its achieveds considerables s milestoness 
durings thes s colds start,s reductions ofs costs ,s ands thes 
thermodynamics efficiency.s somes others s achievementss 
includings s fors s thes implementations ofs news automotives 
requirementss ands testings procedure,s alsos thes s services 
ands architecturals standards uniques tos hydrogens fuels cells 
powereds vehicles(HFCVs).s As conversations its hass beens 
presenteds heres whichs outlines thes aboves ands alsos thes 
others keys factorss ins thes developments ons automotives 
fuels cells technologys ofs Ford.s Accordinglys inhibitors,s s 
fors s thes paths ofs developments s hass beens outlined.s Thes 
suggestions froms thes states ofs thes technologys s thats thes 
s recents predictionss ofs larges s markets penetrateds s ins 

thes years s 2010–2035s times periods weres mores 
optimistic.s Withouts thes detrimentals technologicals 
changes,s availabilitys considerationss ofs materials 
availabilitys wills alones s s prevents this.s Unfortunatelys as 
bigs deals ofs unwarranteds hypes ins thes industry,s ands 
academics hass s s beens leds fors s thes perceptions thats iss 
widespreads automotives applications fors thes s fuels cells 
technologys iss as nears terms certainty.s Thes appearances 
ofs thes technological,s economical,s ands manys ofs s 
challengess makes thiss (popular)s alsos .s Neverthelesss thes 
successess ofs Fords ,s tills dates leadings s its tos remainss 
committeds fors s thes s developments paths ofs longs terms 
developments s thats its begans wells overs as yearss s ago.s 
Fords iss s believings s thats thes s fuels cells powereds s 
vehicless wills becomes economicallys mores s viables ands 
theys wills bes thes s s importants contributorss fors s thes 
resolutions ofs s thes globals warmings s ands alsos thes s airs 
qualitys issues.s  
 
Sebastians Verhelsts ets al,(2009)Thes threats poseds throughs 
thes s s changes ins climates ands thes strivings fors thes s 
securitys ofs energys suppliess s ares issues s highs ons thes s 
politicals agendas thiss times s days.s Governments ares 
takings s strategicallys s plans ins s thes motions fors s 
decreasings s primarys energys uses,s ands tos takes thes s 
carbons outs froms thes s fuelss ands facilitates fors thes s 
modals shiftings For.s Takings as prominents places ins theses 
typess ofs strategics planss iss thats uses ofs hydrogens ass as 
futures energys sources .s Manys ofs thes s manufacturerss ofs 
automobiles s ares nows leasings thes s demonstrateds s 
vehicless tos thes s consumerss s bys usings thes s hydrogen-
fueleds internals combustions enginess ass wells ass fuels cells 
powereds s vehicles(FCVs).Somes s Developings s countriess 
ins particulars s manners ares tryings tos gos s fors thes 
hydrogens fueleds internals combustions enginess s s 
(powerings withs thes s twos ands threes wheelerss vehicless s 
ass wells ass passengers carss ands busess also)s fors s 
decreasings thes s locals pollutions ats thes suitables s cost.s 
Ins thiss reviews its offerss as comprehensives overviews ofs 
thes hydrogens gueldeds internals combustions engines.s Alls 
thes s Topicss thats haves beens s discusseds includings thes s 
fundamentalss ofs thes combustions processs s ofs hydrogen,s 
ands s detailings s ons thes differents typess ofs s mixturess s 
strategiess ofs formations ands theirs characteristicss ofs 
emission,s measurings fors s convertings s existings vehicles,s 
somes importants featuress ofs hydrogens enginess withs as s 
states ofs thes arts fors s increments ins thes s powers outputs 
ands ins s efficiencys durings s controllings s thes emissionss 
ands modeling. 
 
Mikhails Granovskiis ets als (2005)s accordings tos thes datas 
publisheds froms thes variouss typess ofs sourcess froms 
whichs ares useds tos performs thes economicals ands 
environmentals comparisonss ofs theses fours typess ofs 
vehicless s conventionals vehicles ,s hybrids vehicles s 

http://www.ijrdase.com


   International Journal of Research and Development in Applied Science and Engineering (IJRDASE) 
ISSN: 2454-6844 

 

Available online at: www.ijrdase.com Volume 20, Issue 1, 2020 
All Rights Reserved © 2020 IJRDASE 

 

electrics ands hydrogens fuels cells powereds .s Thes 
productions ofs vehicles s s ands theirs utilizations stagess ares 
alsos takens intos thes consideration.s Thiss comparisons iss 
mainlys baseds ons s procedures whichs iss mathematical,s 
ands its s includeds thes s normalizations ofs s thes economics 
indicatorss (vehicles prices s ands thes s fuelss durings thes s 
lifes ofs vehicles s ands s ranges ofs driving)s ands alsos thes s 
environmentals indicatorss (s ass greenhouses gasess s ands 
airs pollutions emission)s ands alsos thes s valuations ofs ans 
optimals relationships betweens thes differents s typess ofs 
vehicless ins thes fleets iss considered.s Accordings tos thats 
comparisons thes hybrids ands s thes electrics carss pointers 
thes s advantagess overs thes differents s types.s Thes 
economicals efficiencys ands environmentals impacts ofs 
electrics cars iss dependss virtuallys ons thes sourcess ofs thes 
electricity.s Ifs thes electricitys iss comings froms renewables 
energys sourcess thens s thes electrics cars hass ans 
advantages ins thes comparisons s tos thes hybrids cars .s Ifs 
electricitys iss comings s s throughs thes s fossils fuelss thes 
electrics cars wills s remains competitives onlys ins thes 
conditions s ifs thes generations ofs electricitys iss ons boards 
.its cans bes s sheens s that,s ifs thes s electricitys hass beens s 
generateds withs ans amounts s efficiencys ofs abouts 50s tos 
60%s s vias s as gass turbines engines whichs iss connecteds s 
withs as s highers capacitys batterys ands withs thes s 
electricals s motors ands thens its wills bes mores 
advantageouss fors thes electrics car.s Thes Implementations 
ins s thes s fuels cells stacks ands membraness whichs ares 
ions conductives s intos thes s gass turbines cycles permits 
thes s electricitys generations fors s increasings s ats s thes 
aboves mentioneds levelss s s ands thens s airs pollutions ands 
emissions wills bes decreases .s Sos thes mains conclusions 
behinds thiss iss thes electricals s cars withs s electricitys 
generations whens its iss onboards s represents as 
considerables s ands muchs feasibles s ins thes developments 
ofs s thes mores s efficients ands ecologicals s vehicless 
whichs haves thes zeros emissions. 
 
Vinays Ananthachars ets al,(2004)s s Thes s Energys 
efficiencys ofs energys ,s weights s ofs thes vehicle,s ranges 
ofs driving,s ands fuels economys ares compareds amongs alls 
thes s fuels cells powereds vehicless (FCV)s withs s thes 
differents types ofs storages ofs thes fuels ands batterys 
powereds electrics vehicless (BEVs).s Thes s Threes optionss 
fors s thes storages ofs fuels s ares examineds ands s its iss 
alsos compares ins orders fors s evaluatings whichs s thes 
mosts energys efficients options fors storings thes s fuels ins 
fuels cells s powereds vehicles.s Compressibles hydrogens 
gass storage,s storages ofs metals hydride,s ands thes s 
onboards reformings s ofs methanol.s Solars energys cans bes 
considereds ass s thes primarys sources fors neutrals s 
comparisons ofs efficienciess s fors thes s zeros emissions 
vehicless (ZEVs).Componentss s efficienciess hass beens s 
froms thes literature.s Thes electrics vehicles whichs iss 
powereds bys thes s batterys its s hass thes highers s 

efficiencys ofs conversions froms thes s solars energys fors 
thes s drivings ranges ofs 300s miles.s Amongs alls s thes 
fuels cells powereds vehicles,s thes mosts efficients iss thats 
thes s vehicles withs onboards compresseds storages ofs 
hydrogen.s Thes compresseds gass fuels cells vehicles s iss 
alsos thes leaders ins thes s fours differents categoriess likes s 
weights ofs thes vehicles s fors thes ranges givens ,s ranges s 
ofs drivings fors as givens weight,s thes s efficiencys whichs 
iss s startings withs thes s alsos s fossils fuels,s ands miless 
pers gallons equivalents ons thes highways s ands urbans 
drivings cycles.s  
 
Ibrahims Dincers ets al,s (2004)s Ins thiss works papers s thes 
discussions abouts somes importants energetic,s 
environmentals friendlys s ands sustainables s issuess ands 
thes vitals s roles ofs hydrogens ands s technologiess baseds 
ons fuels cells iss s ones ofs thes goods solutions accordings s 
tos theses issues.s Thes plans fors thes commercializations s 
ins manys s industrials countriess likes s (USA,s Germanys 
,Canadas Japan,s etc.)s fors thes fuels cells technologiess 
haves starteds throughs thes s identifyings bys s thes mosts 
likelys earlys marketss fors s hydrogens ass ans importants s 
energys sources s ands s thes fuels cellss ass powers 
productions s devicess froms micros tos macros applications,s 
ands sets thes s realistics nears terms ands midterms goals fors 
thes s selecteds markets penetration.s Thes plans outliness 
somes majors s s barrierss fors achievings thes goalss ands 
recommendss thes activitiess fors capitalizings thes 
incentivess ands overcomes thes barrierss ofs market.s Thes 
reviews alsos represents thes possibles futures ofs hydrogens 
energys utilizings patternss fors thes healthys s environments 
ands sustainables development,s ands shows thats s hows thes 
s thermodynamicss throughs energys cans bes beneficiallys 
useds fors evaluatings s hydrogens ands thes s fuels cells 
systemss ands theirs importants s roles ins sustainability.s 
Throughouts ins thiss papers currents ands s thes futures 
prospects s regardings tos thes s thermodynamicss ands 
sustainables developments ofs hydrogens ands fuels cells 
systems s iss s considered.s Thes advantages ofs hydrogens 
ands thes fuels cells systemss iss describeds bys usings thes 
principless ofs thermodynamicss ands lifes cycles assessments 
fors evaluatings theirs mains roless ins thes sustainables 
development.s Theses s followings includings s remarks,s 
whichs wills bes usefuls fors ours s scientists,s researchs 
fellowss s ands s alsos engineerss ass wells ass s thes policys 
ands decisions makers,s cans bes dones s froms thes study:s 
Movings towardss s thes sustainables developments requiress 
thats s thes environmentals problemss wills s bes solve.s 
Theses types ofs problemss coverss as continuouss growings 
ranges ofs waters pollution,s airs pollution,s pollutants,s solids 
waste,s degradations ofs ecosystems,s ands extends overs thes 
evers wides areas.s •s Thes sustainables developments 
requireds as sustainables supplys ofs thes energys resourcess 
thats ins longs term,s iss sustainables availables thes ats 
suitables costs ands whichs cans bes useds fors alls thes 
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requireds taskss withouts anys negatives socials impacts.s 
Energys resourcess likes wind,s solar,s hydropowers ands 
biomasss ares normallys considereds ass s renewables ands 
therefores theses ares s sustainables overs thes s longs times .s 
Thes uses ofs theses types ofs resourcess ins productions ofs 
hydrogens wills bes as importants factors ins sustainables 
development.s Assessments ofs thes sustainabilitys processess 
ands systemss ands effortss fors s improvings s sustainabilitys 
shoulds s baseds ins as s parts upons principless ofs 
thermodynamics,s ands mainlys thes insightss releaseds s bys 
thes s energys analysis.s Fors communitys tos attains ors trys 
fors attainings thes sustainables developments thes efforts 
shoulds bes devoteds fors developings hydrogens ands thes 
technologiess ofs fuels cell.s Utilizations ofs renewables 
energys ins hydrogens productions cans provides as goods 
solutions regardings tos currents environmentals problems.s 
Advances hydrogens ands fuels cells technologiess cans 
provides environmentals responsibles alternativess fors 
conventionals energys systems,s ass wells ass mores 
supplenesss ands centralization.s Fors realizings thes exergy,s 
energy,s economicals s ands environmentals advantages s ofs 
hydrogens ands fuels cells s baseds technologiess ans 
integrateds sets ofs differents s activitiess shoulds bes 
conducteds whichs includess s researchs ands development,s 
assessments ofs technology,s standards developments ands 
thes s technologys transfer.s Theses cans bes aimeds bys s thes 
improvements ofs s efficiency,s makes thes suitables fors s 
theses technologiess ands others environmentals s energys 
currenciess fors mores injuriouss things,s ands improvements 
ofs s thes performances ands implementations thes mains 
characteristicss ofs theses types ofs s technologies.s Ass thes 
results ofs comprehensives lifes cycles assessments ofs 
protons exchanges membranes fuels cells vehicless ares 
presenteds baseds ons thes datas whichs iss publisheds iss 
availables ins thes literature.s Thes twos importants 
characteristics,s whichs iss assesseds ares consumptions ofs 
energys ands greenhouses gass emissionss (GHG)s durings 
thes wholes lifes cycles ofs thes automobile.s Howevers thes 
conventionals internals combustions engines vehicles (ICEV)s 
iss alsos assesseds whichs iss baseds ons thes sames 
characteristicss tos compares withs thes PEMs fuels cells 
vehicle.s Thes resultss wills bes verys usefuls tos scientists,s 
researchers fellowss ands engineerss ass wells ass fors thes 
policys ands decisions makers.s Thes cases studys whichs 
wass s s presenteds ons hydrogens ands thes fuels cells 
systemss clearlys describess thes importances ofs hydrogens 
ands fuels cells systems ands alsos shows thats thiss 
technologys alsos s cans helps fors s achievings thes betters s 
ands emissions frees environment. 
 
3.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. 
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