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Table 1 Infrastructure cost normalized on a vehicle

based on 25 million vehicles ($)
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Table 2 The fuel requirements for the principal types of fuel cell
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AedAE di Z2AME G35 s M S Soto] dndAe] A8
G (BE Favh ERS AR bR ABE B ol]e AudAE ¥E5AA
FHe BHAYE f3 BAS AASE FAolth meby ARdAE 98 =
AXE Fig. 1o Yepd Lo} o] Axg MAs = MA7] F29 fFallgds
AAs = FEoZ Uyo] Ao MARME A8E 537 M, Fitks, #d
NS T Hulukge] o8] AR Favt FRE A slaz Adss 48 5
W ofFAEd AARAAE ) 0, 2 5 oY sbA WyoR Ad sary
H falsds AASY 2 diMe di Z2AME P s 7 FE9
e)g tolrrt

POX Catalytic Reactors

Vaporized fuel s burned with  Using the heat from the POX 2one, steam

@ small amaunt of air in a i rracted with most of the corbon monoxide

Partial OXidation (FOX) reactor 1o form additional hydrogen and carboen dioxide.

producing carkoen monoxide

and hydragen. -

Air Hydrogen-rich gas Eﬁi-r
l BT
o N 1 e
Fusl . Fi] 3
Hydrogen Fual ' Air Fugl Cell

Fuel Vaporization ! Tha rogen gas combings with

Ligyueich EMI is vaporized using Sullur Remowal air to form eleciricity, watar, and

weaste andrgy from the fuel cell  Sulfur compounds from the Tl are removid heat to propel the vehicle with

1o ensuse high-efficlency to eliminate amkssions that form acid rain, virually zero emissions,

operation.

PROX

The remaining carbon manoxida is
PRefarentialty OXidzad (burnth aver
a catalyst to reduce its concantration
1o less than 10 ppm,

Fig. 1 Schematic diagram of a fuel processor for PEMFC



AHazgs (kJ/mol)
+90.0
+49.5
-189.5

NE 728 Ax

(2-1)
(2-2)
(2-3)

Reaction
— x COz + (1-x) CO + (3-x) Hy (2-4)

CHs0H + H2O — CO2 + 3 H2
CH3s0H + 1/2 Oy — CO2 + 2 Hs
CH30H + x (1/202) + (1-x) H20

CH3OH — CO + 2 Hq

< 3 A7

Type
Decomposition
Steam reforming
Partial Oxydation
Autothermal
reforming

]l B

Table 3 Reforming reaction of methanol
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ater . gas

Fuel Adr
l off-gas lExhaust

|1

l---CO selective -
F—-oxidation plate =4

Vaporizer plate i

Catalytic
cambustion plate Heat

F—-Steam -
"= Reforming plate 1
Catalytic
combustion plate <+ — Heat ——=

| |
[ 1 0 100 200 300 400
Temperature (T)

Fig. 2 Schematic diagram of a plate type methanol steam reformer
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Fig. 3 Johnson Matthey HotSpot reformer
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Fig. 4 Four-stage PROX reactor developed by LANL

& Hkg Ao A HEo] CO 1lmoled AAT7] Y3l 4 3moleo] L3~
wel A ARZE Wl ARAAE A 7hs T AEk COols AdetA @
o o5k CO s%7F w3 22 507 500ppme] COE 20ppm ©]3t= & wjo
AHE-Eth W=¢] Hydrogen Burner TechnologyAhs= F-#4kst 712719 WGSE
2> 9] CO¥EE methantions 20ppm7H4] SHE vf At}
UE COoAlZ WRid= 2o Vi 7tawiE

- —

Ty = WS
A5 Y AAske Hyoltt. FARHoREE T PdAIEe Ho] A& T
Pd Al9e] =2 7ol flv FaATor ol tE 7IAe FHehA %ot
T FAE do ARAAY FHS =Y F vk FARAEYHS o] &3 HEY]
= FE 2y fAVE A 739 vE7E AFESHY Fig. 5ol Pd-Ag
s AREE dAE 3Td dEs JhEVIE dERETh REET1Y TPE Qb
Pd-Ag FEE diA|atar 2] H 3} kv $X|g FHEAPolo] JfASwE 1|l
ZbEd FHO el vpEE FH Alolo] AtsFHulE A9 WALk dsE T3
7hHedl FHEALOIE FgEo] F57] MA wEgs AAI7IH JHE gkl osf A
A NE Tk T Fae e FHaste] ARHAR FEE YA F4A7) F
ek Vs v A S E Fdete]l 5] NE vkl d8% A& FHstH
HArh ol gt FAaRY e o83 MAVI= HEY COAAEA7E BashA o}
MNA719) 715 & vk ARE 49 FRFS Fol7] 98] of 1071922 7}
o] Qastal bPd HA3E ALY Hgo] vfg artolgts @RS 7HA AL Th



CO §% el A2-100THA 7tdAow & - a2 & 5 = FAAES 4
&3k A 7k ol s COE AAshH: WHelth 2 COs Agdem &
Zahe prob 2e FHAR gl FAAES AU F /) o4l columng A}
gato] F3 AelE 4 @ columne A A% Aelr} s A2 &
vkl EE @714 Eo) 2SS ol 43te] column R FRAE AMFHE AT
= RAYs gl

CH,OH/H,0 H, CH,0H/H,O
4/// Pd Membrane
Oxidation Steam Reforming
Catalyst ———__| Catalyst
Air Inlet — |

5. 4

G ARAAG A ZEAMS delsh A% AFel viste] Lopmgit.
ARAAE AR TEAME ARAA 2Ho] LTHE 20L $55E ARE o
2470 Ao Tt AAolth Hea AR TRANL FAE Azat
A& olel o 4 3 BAS AAGE $4 5 A4 A4 vl 14
EFee w24 FHolv] ARAA] FF 2w o SERopl we thE
ez AEsolok 3] el 1 Aol Mg ofdrky & 5 Uk AW A=
Za e e AndAe] Agste] WA Fu Foly] wiel ML
MR A 2 FlAE ArAAG S ATRe] MRS slela e opol



. e $uel A% vl
oA AAEE Susy] 984
]

Bg A4 a volrlel & Ao

.

ds

o
O~



