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What is fuel cell?
- An electro-chemical energy conversion device

Chemical energy  Electrical energy
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Methanol
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Fasoline Methane (Matural Gas)
Pros
- High efficiencies - Few moving parts

- Good at partload - Low noise characteristics
- Low emissions
- Good maintenance characteristics

- Distributed power generation can be used with
cogeneration

—  ELECTRICITY —

How a Fuel Cell Works

Cons

- Lifetimes unknown - Loss of efficiency with time

- Low availability - Low development status

- High investment costs
- Few technology providers

- Absence of fuel infrastructure for most

applications
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APPLICATIONS

PEMFC
B ovee ~ MCFCc soFc
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FUEL CELL TYPE

) Yttria
100% 35 ~ 45% 62% Li,CO, | . .
H,PO, KOH 38% K,CO, -stabilized Nafion Nafion
ZrO,
190 ~ 200 80 ~ 90 650 600~1000 25 ~ 80 25 ~ 90
. 80% Pt 90% Ni N1 Pt black Pt black
20% Pd 10% Cr 2 or or
Pt/C PtRu/C
H, H, + 20H- H,+ COz2 H, + O H, CHsOH * H,0
2H* + 2e 2H,0 +2e- | H,0 + CO, + 2e° H,O + 2e- 2H* + 2 CO, + 61" + be-
90% Au Li-doped Sr-doped Ptblack Ptblack
Pt_alloy/C 10% Pt NiO LaMnO or or
0 3 Pt/C Pt/C
O,+ 4H*+4e | O,+ 2H,0 +4e | O,+2CO, + 4e- 0, + 4e- O,+ 4H*+ 4e" | 3/20,+6H*+6e"
2H,0 AOH- 2 CO,?> 202 2H,0 3H,0
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PEM FUEL CELL SYSTEM

Fuel cell system:
Fuel cell stack + BOP (balance-of-plant)

Portable PEM fuel cell system
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) 4 performance
- 70 W portable system, Voller Energy gevelop evaluation

- 200 W portable system, Samsung SDI
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DEVELOPMENT OF A PEM FUEL CELL SYSTEM

P N
¢ System design g ¢ Simulation ¢
N 4
- Portable freezer - Design requirements - Subsystems modeling
- Fuel cell system - Components selection - System simulator
- Power range - Performance test - System control logic
- Conceptual design
- SiovEgHcabiDet Performance System

8 integration ®

evaluation §

Fuel cell system

- Power management status
- BOP efficiency

- System efficiency

- Technical specifications

- Components arrangement
- Subsystems assembly
- System packaging

Refrigerating device
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SYSTEM DESIGN

Schematic diagram

Item Maker(model)
PEMFC Horizon Fuel Cell - *
Power management subsystem stack Technologies(H-300) "’
- DC-DC converter Diode Battery Metal
Air supply & thermal I~ [+ hydride Ovonic Hydrogen Systems LLC g
management subsystem 1 - - canister (85G555B-NPT) | .
g : Current
Current: sensor '
sensor | <><> Fan Solenoid SMC(VX2110M-01-6G1) '>
@ Display valve LR
S:Ir\?: : * * * * * ‘ ‘ * *7 panel Pressure Beswick Engineering Co. %
I~ regulator (PRD2-1N1-2-6X)
Fuel cell DC-DC Goldmac Co. s
[D] stack Control converter (GMS300-48-15) 3
Pressure L n subsystem Lead acid Rocket Electric Co. .
regulator * * * * * * * * * _________ = = battery (ESH 5-12) |
_%4_ — 1 e M Cogtcr:clgller self-developed '
PCB@ Current -
I:E:I | sensor - RPeCI:%y self-developed -
| == ooo =
Solenoid =
valve | Metal hydride canister 0000l Current Hankook Sensor Co. p
External load  Freezer sensor (PL1S030)
Fuel supply subsystem
LCD Alls Technology
panel (EZ-TFT350T)

[Components of the PEM fuel cell system]
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AIR-COOLED PEM FUEL CELL STACK

Performance of the H-300 PEMFC stack

m | Sy,
N - {2 >
> Number of cells 63
Y 200 9 Rated power 300 W(36V @ 8.4 A)
; é External temp. 5 35°C
= 100 Max. stack temp. 67°C
o 0 H, pressure 5.8 6.5psi
1 H, purity 99.99% dry H,
Time [rin] Purge valve voltage 12 V(dead-end operation)
Parasitic loss for the H-300 PEMFC stack operation Flow rate 3.9lpm @ 300 W
5. 14- Humidification self-humidified
:{, Cooling air(integrated cooling fan)
E 00—p 12 Fan voltage 12V
S o
S ol mem n w Z 10 Efficiency 45% @ 36 V
> l Q Dimensions 105x220%122 mm3
< s 8'. Weight 1.7 kg
0% 5 o 2 S S S S [Technical specification of the H-300
Tirve frird A PEM fuel cell stack]
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FUEL SUPPLY SUBSYSTEM

Hydrogen consumption & operation time
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Dead-end operation of the H-300 PEMFC stack

[M] d

- Simple structure

- High efficiency

- Purge period : 10 s

- Purge interval : approx. 1 s

[u] swn uonessdo
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Metal hydride canister (85G555B-NPT)

Nominal H, capacity
Rated discharge
Refilling

68 g(760 std. L)

6 slpm

approx. 8 h at 250 psi
(in flowing ambient air)

Operating temperature 0 75°C
Storage temperature -29 54°C
Diameter/length 89 mm/419 mm
Weight 6.5 kg
Solenoid valve (VX2110M-01-6G1)

Input voltage 122V
Max. pressure 3 MPa
Fluid temperature -10 60°C
Weight 0.3 kg

Pressure regulator (PRD2-1N1-2-6X)

Material 316 stainless steel
Inlet pressure 0 500 psi
Outlet pressure 0 20 psi
Weight 0.05 kg

[Technical specification of the fuel supply
subsystem components]
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POWER MANAGEMENT SUBSYSTEM

Fuel cell-2 " battery hybrid operation

Load off Load on
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DC-DC converter (GMS300-48-15)

Input voltage DC36 72V
Output voltage DC15V
Maximum power output 300 W
Operating temperature -20 70°C
Efficiency max. 87%
Dimensions 117x61x13 mm?3

Lead acid battery (ESH 5-12)

Voltage DC12V
Capacity 5.4 Ah
Dimensions 90x70x106 mm?3
Weight 1.8 kg

[Technical specification of the power
management subsystem components]
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CONTROL ELECTRONICS SUBSYSTEM

Main control algorithm

System Canister Fuel cell stack
Controller & relay PCBs
IC chip ATMEL ATmegal6
( Main start ) ( Canister control start > C Stack control start ) Relay number 6 EA
Dimensions 117x61 mm?(controller)
( L& y 117x48 mm?2(relay)
Standby state Battery voltage input
Parameter value for the system control
Yes Vstack_min 30.0V
Check system condition Check stack operation Vbatt_min 12.0V
N Stack voltage input N Vbatt max 13.2V
ee &S Ichar__min 0.3A
Canister information input Voatt> Viott mon Current sensor (PL1S030)
v No No g Linear range 6A
Canister control YoE Operating temperature -10 80°C
v Canister alternation — Stack off Dimensions 39%36x13 mm3
Stack control v LCD panel (EZ-TFT-35OT)
v —>( Canister control stop ><— N Processor 32 bit RISC ARM920T
Freezer control Yes LC_:D 320x240 QVGA
Display area 70x53 mm?
— Power consumption 5V/0.47 A
Dimensions 100x77x15 mm3
Y
_.< Stack control stop ) [Technical specification of the control

electronics subsystem components]
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SYSTEM INTEGRATION

Components arrangement / subsystems assembly / syst em packaging

System configuration Fuel cell system - upper layer  Fuel cell system - lower layer
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