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ABSTRACT

This paper explains a DMFC-Lithium Battery hybrid system applied to a forklift. A conventional Lead Acid
battery forklift has several problems: long charging times, short operation times, and frequent battery
replacements. As a result, hydrogen-powered forklifts are replacing Lead acid battery-powered forklifts due to
their shorter refueling time and longer operation times. However, in doing so, we are confronted with the
problem of a high hydrogen refueling infrastructure. A Direct Methanol Fuel Cell (DMFC), on the other hand, is
an eco-friendly generator that directly converts the chemical energy of methanol into electricity. In general,
DMEFC is regarded as a small power generator under kW power. In this paper, a DMFC-Battery hybrid system
is applied to a 1.5 ton forklift by increasing the power output of the DMFC stack and utilizing the high
charge-discharge characteristics of a lithium battery.

Key Words : Direct Methanol Fuel Cell(&E HMEFE AZMX| A|AHE!), Lithium Battery( 2l SHIE{2]), Hybrid
System(3HO|E2|E A|AR), Stack(AE4), Forklift( X|H/XH)
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Fig. 1 Configuration diagram of DMFC-battery
hybrid system
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Anode : CH;0H + H,O — CO, + 6H+ + 6 e-
Eo anode = 0.046 V 1)

Cathode : 1.50, + 6H+ + 6e- — 3H,O
Eo cathode = 1.23 V 2)

Overall reaction:

CH:OH + 1.5 0, + H,0 — 2CO + 3H,0
Eo cell = 118 V 3)
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Fig. 2 The principle of DMFC
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Table 1 Specifications of OorjaPac model

Items Descripions
Model Name OorjaPac H (DMFC)
Output Voltage 24/36/48 VDC
Output Current: 42/28/21 A
Lead Acid Battery 12 kWh

Dimensions(mm) 775 x 324 x 343
Weight(kg) 77

Fig. 3 DMFC forklift with OorjaPac model H
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Fig. 4 Bi-polar plate design integrated with gasket
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Fig. 5 2kW DMFC stack

Table 2014 UEIUIS MEA 4 HH L 300cm?,
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Table 2 Suggested stack design

Items Descriptions
Active Area 300 cm’
BP Area 400 cm’
Pitch/Cell 2.4 mm
Cell Number 80 cell
Voltage/Cell 044 V

Current Density 190 mA/cm?
Cell Power 25 W
Stack Power 2006 W

Fig. 6 48V, 75Ah Li-battery pack
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Table 3 Suggested Li-battery pack design

Items Descriptions
Typical Capacity 75Ah
Nominal Voltage 48.1V
Charge Max. Current 50A
Condition Voltage 53.3V
' Continuous Current 75.0A
Ic)frfcliliﬁfﬁ Peak Current 150.0A
Cut-off Voltage 41.6V
Cycle Life > 1000 Cycles
Operation Charge 0~40C
Temp. Discharge =20 ~ 60C
Thickness(mm) 190.0 = 0.5
Dimension Width(mm) 320.0 = 0.5
Length(mm) 409.0 £ 0.5
Weight(kg) 285+ 1.0
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Fig. 7 Test result of DMFC stack
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Fig. 8 Test result of lithium battery pack
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