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Abstract
Nowadays, the world confronts many serious

problems about greenhouse gas emission and

atmospheric pollution from the direct fossil fuel
combustion and continuously increasing energy prices. In
a future sustainable energy system based on renewable
energy, environmentally harmless energy carriers like
hydrogen, will be vital importance. The use of hydrogen
as a future energy source is a way to support the
hydrogen economy instead of fossil fuel economy.
Hydrogen and fuel cell are now extensively expected as
one of the key energy solutions in the future. These
technologies will contribute considerably to depletion in
environmental problems, enhanced energy security,
creation of new energy industries. This paper describes
the vision for hydrogen economy based on a clean and
simple cycle: separate water into hydrogen and oxygen
using

renewable energy such as solar; storage and
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distribute; use hydrogen to power a fuel cell to produce
electrical energy and water. This process produces no
pollution, no carbon dioxide and no particles. This paper
also presents technologies of hydrogen production,
hydrogen storage and distribution, and fuel cell operation

and application within a sustainable energy vision.
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Actual Worldwide Hydrogen Production from ...

.. Crude 0il
. Gas
.. Coal
.. Electrolysis

:ﬁe world hydrogen production is not monitored,
but estimated at 45 million tons (500 million cubic metres)
per year. [
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O Steam Reforming — nsyuaun1sInesufls vide
nsvuumaUisieledfiasdafufioasusznaulelasaiuou
uazth mﬂ%@‘hLi'mﬁﬁ%mLmsﬁm';zmivﬁuijﬁ%awﬁuﬁwﬁmm
@13 WU Msufsuiesuealdiaseufitenain Non-noble metal
WU Ni/ALOs, Ni/La,Os, Ni/MgO, Ni/CeO,-ZrO,/ALO; %38 1A
Noble metal 1%u Ru/ALOs, Rh/MgO sihfisenilgamaiiszana
450 - 700°C [1, 9-10]
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91N 8nFID819 MIvanBiatuuIsdIuTesosuealdiaids
UJATen W V,05/TiO,SI0; Vo0s/TiOZr0, Ni/ZrOpy AlLOs,
Ru/Al,Os, Rh/CeO, ﬁwﬂg‘jﬁ%mﬁqmmﬁﬂismm 550 — 850°C [11-
13]
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O Gasification -
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anufeunieldussenaiiledinazeandiau wiediidunin
gasifier TuvFuailmngay UjAseufadilintuaziudou
perUsEnoUMILAfivesdiulanionusouaas gasifier, 1 uas
pondLaulamdu synthesis gas M3oBuuAa (syngas) osdUsznau
984 H,, CO, CO, Wundn lag CO ﬁwfﬁmlﬁ%ﬁmg‘jﬁ‘%mﬁuﬁwﬁa
wanlelasiaufiuntuuay CO, viafligunin UjATen water-gas
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CO + H,O — Hy + CO, (1)
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Concentrators #ldgaungiigedis 2000°C  dm¥unsideidoadu
High-temperature water splitting Wingdwiuszuurualug)iiield
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nanlolasiou Inslduasenindusnlolasiousenainin wasdadl
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maifulalasluguveunar (Liquid Hy) n1siiulasldusadugs
(Compressed H,) mM3tfusleisnsadreiusssewinglalasiauiu
Tang (Metal hydride) {Wusdu
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Asvudardvuiglalasiauivateniadon 1w n1s
Yuds Compressed H, waz Liquid H, Tdsaussnn wsesalu diu
MsvUEINUNITEUUTeR dmTudafalalasiauiiuiuiunin 50
Yaudstagiu mdsinglalasiaumiviedinnueniszuna 16,000
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A13197 1 Madennisdnivlelasiauiuu On-Board [23]
. Compressed| Liquefied Metal
Fuel Gasoline )
H, H, Hydrlde
Energy (MJ) 1,408 664 664 664
Fuel weight
29.5 4.7 4.7 4.7
(ke)
Tank weight
13.4 63.3-86 18.6 120
(ke)
Volume
40.1 409-227 178 120
(liters)
Vehicle range
600 600 600 570
(km)
Development | Commercial Initial Initial
Commercial
status Prototype Prototype | Prototype
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® 71514 Metal Hydride dmsussognialng

wmniSeuiisunmsvudainglalasiausmiesaussynineda

Unfanunsaussnningsssunflaussana 2,400 Alansu iieludeds
ad a o v A R

anfi@einds azarunsaussyninelalasiauldiiios 288 Alaniy
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yuddhuguiuurevawiseing Avuddalasiaulaenilusglugas
1 -4 ct/kWh (0.3 - 1.3 $/kg) [24]
Janidunldaseszuurisszdeaduiagnunimgslingu
fru wiannaldady dnUSeuiisuiivuiaviamnfuasnuinbuy
aulunmsasnszuuiedniulalasiauszguluaesvivessian
sruuieldvudsiesTsund dunueIsanamniasiasIanugIu
Alddwsuiesssuniaiuisausulildladulalasiay uwimnldve
wianndulalasiaufenaneliinanudemelamselalasiau
d1usauNInIzaeg InsutaquazUssiiuinliianns
uandnanlalasiau (Hydrogen Embrittlement) nsldviedsfine
sysuvAndegenvneliindymld nswndeuriensuenienis
WueendauifisudndesetaunAdyvuiieldaiuisaldvieinan
dvfudsfneessunAszeyinandegudild uenaniifadiesting
Y5uldonnnad wuillvlan Inganiyaeinsaesnavnosd@1ulse
Hlanulalasiausny  damnadenuilsdenisnaufnslalasiauiu
fgsssumAlanunsadsinumsvieniisgudsluueniigaldaunie
Iifanauiiaefld wu msUssendldivszuumsinnnduuvegia
o A | a Ky vy v o Yo ¢ & a
il winadeniflilawilaymiunsuszandldiuwadiends
Feaguldiiiesessumsldnuadwomaslusuanszuuriedeing
2 a o o o % v X % Ay |
lalasiauiudsdAgiiavdosaietu [7] uifaelidunussuuviengs
11N [25]
WoAnAuvun1sdniivkazvudisiniunds n1siiu
lalasiaulugreamailduussleniogruiulddn dwsudnsinis
a a o a o & =& o a
nanlalasiau 450 Alansudedslus Ngndniiuniaiunasiisves
MeMsvudIUszan 160 Alawnstu nsvwddlalasiaumaiazgn
niMsvudeIsMIdnadludeiussaniedan Metal hydride wsi
a‘ = a v v & |
fiszagnnlnatie 1,600 Alawns $1AM0UNUNMIIANULAZVUAIRUY
lalasiaumaiazgnniuuy Metal hydride fis 4 i waggnninda
7 whdlsieuiumsvudalalasiauludsdausaiug [24]
Tymdunsdaiviazauddlalasauduguassadidy
Tunsiwadwendanazdedilalasiaududomads Mndeen1sn
fisosuswadidomasnldausgrsuwnsvarswditiu 1dusgng
a o Yy o a a P o
fafiardeatlaaniifiulelasiau wavsevunmsididlalasiaufivasnie
mstwmalulad Home Station wSan1suanlalasiaunviududn
a PR a o Ay v o o
madenuila AanunsaldsundsnulniAlaannndsnuniaden
W IwAduasening vleMesssud (Useimaanigeiwsnidnisds
fasssufludaiuseurussuure) ludawmaslalasiaun
anunsadudh lunsnsudldvagineneyfitnu [25]
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nswdsundsnulalasaulidundanulnihagdead
whendnnszualiniGendt wadieunds Fuduweiesiionis
wsllfn (Electrochemical)  Avimtiasundeuwaiives
& a9 & o Sa v e w
womddlinaedundanulniinssuansaifiausiednganla
lnensawazivszdnsaings Insodeufiseiadlni iy
meluwad sxlabiiuazidndundn et 7] wadwendaay
annsavihauldeddeilios asuwinilalasiaunageendiaugn
Youdduadnionisiinisfisendndugioon wazdadidalnsnds
Liinnstrgadulieanannienanieainnisidenaninniuad
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23AUTENOUNA1AYIRLLaaLTINAIUTENOUAIYT7
a e e Y A7) & - ST Y)
dianlnsaniinnumgud 2 93 Aetiegluauastiaing Juvieduda
o a e ¢ aa & & a
fuansBidalnslan FeorreglugUvesvaiuas/viovesuds Weinds
lalasiugnioudnludsdrevlundufnujisersendindu (aunisn
(3)) luvnuzNanseenTuaud (senTiauniosinie) asgndeudilutn
AglnaBuinufise3andu (aunisi (4)

ihoglun: H,—>2H + 2¢ 3)
dhazlna: 2H + 15 0, + 26 —>H,0 (@
Uisenans:  H, + % 0, —>H,0 (5)

wdmAnUfAsenturiainudsdndazifinduiidn
Bidalnsnviaes esatuasasmeouendidanseuarlvanintiesiun
Kssnesusnuazgninllivsslevtineuiiazluanduluiidanging
Tudnwaizasu1993 (93Ul ) dru H szunsinudidalnslavidralusn
Funilsvesmadifomds (ledaaslne) Adadandlelnsiaudoouas
Lﬁmﬂﬁﬁ%mﬁuaaﬂ%wmﬁmL‘ﬁu‘fw meﬂf}uﬁdhmmﬁwﬁLﬁm%uaw
Aendesiudidanseusiuau 2 f msdszgndldnurensadifomnas
dulngiindosmslilduseiulniinfunuunszuaadu dadulia
nszuansafildaneadifomddnonsedegninundsudulain
nszuaadulaslfiefomniuviedunedines [26]

Anode Cathode
=
H, 0.
H, — 2H* + 2e % 0, + 2H" + 28 - H,0
Ele yte

Overall: H; + %2 0, —» H,0

UM 4 wunmmshauresadidemas
(http://addis.caltech.edu/research/FCs%20for%20sustain%20en
ergy.html)
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Walndsanuuasdu nisidenldidiamasTuniudanysraigegne
5101 AueInd18lun1sIanI@ends aualuisalunisiniiy
AN USHes uazauaiunsalunisgnauuds Fasuduveansly
X A A g. S ¥ oo
waawewmaslunsnannseualiin Ae Mshidea@omasivangay
wazmledny wetausdinasiivauinintasanaindunuiniaiurane
Uszianiianuisadgadiomdluussandldlaegramngan [27]
doannadonudng vosnsidenldideinasdmsuadiioind [28]
- A fo X A g.-
Ao 1) nsldlelasiauuigndiuadiomduuulsneunandsy
LU (Proton Exchange Membrane Fuel Cell, PEMFC) 1883910
unanfituuudlevlunavilufiwied CO Wes 10 ppm @ouulufe

46



lolnsiau 2) nsufzuidenas Wy wetuea (aunsaldidu
\emnadlu Direct Methanol Fuel Cell, DMFC) An95551%917 %30
asuszneavlalasausu (hydrocarbon, he) tilenanfAnsnaudid
lelnsiutinugsiildldfumadidomdsguugigusid co uas
€O, Fovuagfiny Futu wadldemdauuindenisusiuavasy
(Molten Carbonate Fuel Cell, MCFQ) LazlradidoInaaLuy
panlwdvaauda (Solid Oxide Fuel Cell, SOFC)

PEMFC  deuldndnlndrdrnSuerusudivad
\Howae (Fuel Cell Vehicle, FCV) luwaue?i MCFC way SOFC
wanzfun1suszyndldauiulsindanszualia (Stationary
Power) fauandlunsnail 2 gmslinuvessadifomasiueg iy
an1eMsidau (qmuqﬁmmﬁumuﬁum?m, ALY, AL
Uianiveadiomds) amelianneiiintulususudorgnsldam
Unfvad PEMFC ag’ﬁﬂizmm 2,000 2119 (100,000 Alawns) Tu
msUszgnalddmiulssnundnnszualnil PEMFC fimngnisldanu
7984 30,000 las sEuU SOFC ﬁaw&;mﬂ%mma%ﬂwmm 6,000
— 8,000 $2lus ﬁqawamswﬂaaaﬁﬁﬁqﬂﬁmqmﬂﬁﬁmuﬁq 20,000
Halu 218M5tun1 i ueres PEMFC g 3,000 - 4,000
Flusdmdusoous uazunndn 20,000 Flusdmsusata wareny
astaunutmniedmsulssnunannseualifitves SOFC uay
MOFC fa 40,000 - 60,000 a4 [29]

M15797 2 Usgansmnwadideindauasnisussynaldanu [29]

UseLam PEMFC SOFC MCFC DMFC
DOUNNIINTT
P 80-150 800-1,000 >650 80-100
119U (°C)
alnas H, H,, hc H,, hc | methanol
Usgdnsnm
waaaIwmas | 35-40 <a5 44-50 15-30
(%)
Han und
Y - - | mhendn
AsUszandly | nszualndin | Tseanundn | 159unan
: o Aszwalui
U dusuenu | nszualndn | nszualvid -
. LARDUT
YU
218Msl¥u | 2000— | 6000— | 8000— .
(#alug) 30,000 20,000 20,000
21gM3ldnu
4,000 — | 40,000— | 40,000 —
g na
(#T519) 20,000 60,000 60,000
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