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Fig.1  Function of Li-ion battery in FCHEV 

Table 2  Target of the development (NEDO Project)

Target of Development

Discharge
(assist)

Generation
motor

1. Energy source for EV drive �ö�ö�ö�ö
-during FC pre-heating

2. Power assist for 
acceleration �ö�ö�ö�ö

-enhance the efficiency 
3. Regeneration at 
deceleration �ö�ö�ö�ö

-reduce energy consumption

Item Target of Development
capacity 3 kWh
specific power 1800 W/kg
specific energy 70 Wh/kg
life 15 years
cost \50,000 / kWh
safety sufficient to on-board conditions

1

Fuel
Cell

Charge
(regen.) Li-ion

Battery
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Specification of developed cell

�Ø�Ø�Ø�ØElliptic case
�Ø�Ø�Ø�ØFlat winding
�Ø�Ø�Ø�ØCrimp seal

Table 5   Specification of developed single cell

Fig.5 Photo of developed cell

positive terminal
gas relief vent

2

Positive electrode Mn-based
negative electrode amorphous/graphite
rated capacity 18.4 Ah
nominal voltage 3.6 V
specific energy 83 Wh/kg

specific power input@ 50% SOC 3010 W/kg

3380 W/kgspecific power output@ 50% SOC
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Fig.7 10 s power capability of 
the developed cell.

Fig.6 Charge-discharge characteristics
of the developed cell.
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Performance of developed cell (1)3

83 Wh/kg

@ 50% SOC
output: 3380 W/kg 
input: 3010 W/kg

temp �ö�ö�ö�ö 25 deg. C
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Specification of 4-cell module

Table 6 Specification of 4-cell module

�������� �&�R�R�O�L�Q�J���J�D�S���&�R�R�O�L�Q�J���J�D�S���&�R�R�O�L�Q�J���J�D�S���&�R�R�O�L�Q�J���J�D�S��
�������� �3�O�D�V�W�L�F���I�U�D�P�H�3�O�D�V�W�L�F���I�U�D�P�H�3�O�D�V�W�L�F���I�U�D�P�H�3�O�D�V�W�L�F���I�U�D�P�H
�������� �&�X���1�L���F�O�D�G���E�X�V���E�D�U�&�X���1�L���F�O�D�G���E�X�V���E�D�U�&�X���1�L���F�O�D�G���E�X�V���E�D�U�&�X���1�L���F�O�D�G���E�X�V���E�D�U

Fig.12 Photo of the developed 4-cell module

Capacity 18.4 Ah

operating voltage 14.4 V

specific energy 80 Wh/kg

volumetric energy density 125 Wh/L

specific power output @ 50%SOC 2400 W/kg

specific power input @ 50%SOC 2120 W/kg
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Fig.13 Charge-discharge characteristics
of the 4-cell module

Fig.14 10 s power capability for 
the 4-cell module

5 Performance of 4-cell module
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Evaluation of pack 
performance

Measure 4-cell MD

Evaluate 3kWh pack 
using the data

Optimal pack design

Simulation:
mechanical strength,
thermal management 

Design of 3kWh pack

�Ø�Ø�Ø�ØPlastic frame
�Ø�Ø�Ø�ØCooling by 
bottom 

air duct board

Table 8 Calculation for 3 kWh pack 

Fig.15 Mock-up of 3kWh battery pack

126

296

1060

IC cell 
controller

Items 3kWh target
frame weight (kg) 2.9 �é

total weight (kg) 47.7 �é
total volume (L) 39.5

specific energy (Wh/kg) 75 70

specific power output
@ 50% SOC(W/kg)

2250 1800
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Evaluate the application effect of Li battery pack 
under the conditions above.

Fig.16  Energy requirement by FC 
system at 10-15 mode operation
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�å�å �å�å Table 9  Prerequisite of 
calculation for energy 
requirement by FC system

Power requirement by 10-15 mode

1. Capacity of Li battery pack: 1kWh

2. All braking energy is regenerated 
by Li battery at the velocity 

�:10 km/h 

3. Load of the FC:
constant (middle range)
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Efficiency evaluation for FCHEV system

Li battery reduces 
1/3 of the energy 
consumption.

1. Divide the driving load : FC & Li
battery

2. Measure the performance of Li 
battery in the load pattern.

3. Evaluate the efficiency by Li battery.

Fig. 17  Electric power shared by the 
4-cell module in 10-15 mode test
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Driving energy  (kWh)
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Summary
1. We have achieved specific energy of 83Wh/kg, spec ific power of

3380 W/kg in a single cell by improving active materi als and
developing elliptic cell structure.

2. The performance of the 3kWh battery pack was eval uated based on
the 4-cell module data. Specific energy of 75 Wh/kg and specific
power output of 2250 W/kg cleared the target of NEDO p roject.

3. Energy consumption of FCHEV with Li battery is to  reduce fuel
consumption down to 2/3 of that without Li battery.

Future Works
1.Further reduction of weight and volume in order to ap ply the

battery to various uses
2. Improvement of reliability: accumulate more perform ance data and

life test data.

10 Conclusion 
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