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A New Concept All-solid Iron-air Rechargeable Battery, SHUTTLE Battery
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#F1 SHUTTLE Battery & ftD & BZR5E S & ULi-ionEith & DL
SHUTTLE Li-Air Fe-Air Zn-Air Mg-Air Al-Air Li-ion
Battery
Cathode LSCF Mesoporous carbon with metal catalyst Transnt|9n
metal oxide
Organic
Electrolyte Ysz Liquid electrolyte/Solid electrolyte e'eagﬁg/te/s
electrolyte
Anode NiO Li metal Fe Zn Mg Al Graphite
Theoretical volumetric
energy density (Wh/L, 4,800 8,100 2,600 1,000 6,200 8,100 1,010
Electric energy only)
Theoretical gravimetric
energy density (WH/kg, 920
Electric energy only)
) ) ] 3,480 780 500 700 8,000 388
Theoretical gravimetric
energy density (WH/kg, 1,462
including thermal energy)
Operating temperature 700C Room temp | Room temp | Room temp | Room temp | Room temp | Room temp
Safety Non- Flammable | Flammable | Flammable | Flammable | Flammable | Flammable
Flammable
Over potential Low High High High High High Low
Dendrite growth None Yes Minimal Yes N/A N/A Minimal
Rechargeability Good Not good Not good Good No No Good
Rounc_:l trip efficiency 61%
(Electrical energy only)
'ﬁf’h“"d trl“’ Efﬁdenczl' <50% 80% 70-90% 0 0 >98%
( erma. energy an 5920
Electrical energy
combined)
Main material availability | Universal Ubiquitous | Universal Universal Universal Ubiquitous | Ubiquitous
Main material cost Low High Low Low Low High High
Use of catalyst No Yes Yes Yes Yes Yes No
Mechanical charge Yes No No No Yes Yes No
capable
Environmental impact on . . . . . . I
the material production Minimal Significant Minimal Minimal Minimal Significant | Significant
Environmental impact on . . . . L L .
the battery production Minimal Significant Minimal Minimal Minimal Minimal Significant
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2 SHUTTLE Battery (CHW3 Z &N TE 2L NDEBDOFR TOHKDEMMEIZDONT

Metals Melting Boiling HZ/HZQ ra.tlo at Evaluation
Temp. Temp. equilibrium
Cu 1084.5 | 2571.0 10
. R Not suitable due to very high H,
2
Ni 1455.0 2890.0 10 content required
Co 1495.0 | 2930.0 1072
Fe 1536.0 2863.0 1 Suitable
Not suitable due to low boiling temp.
z 419.6 907.0 3
n 10 and very high H,O content required
Cr 1857.0 | 2682.0 10°
Not suitable because extremely high
6
Mn 1246.0 2062.0 10 H,O content required
Si 1410.0 | 2600.0 108
105 100.0
) 700C TG test
FE3O4 100 H,/H,0 ratio=1.5
95.0
3 95 Hy/H,0 ratio=3.0 \
= 90 900
_'Eo H,/H,0 ratio=3.91
g 85 g
H,/H,0 ratio=3.9 2 850
80 <
Ha/H;0 ratio=1.5 2 a0 \9/9/6\9
75 - . =
0 500 1000 1500 2000 2500 3000
B (min) 750
X5 FesOs DERITIEE I KIT T Ho/H0 LEDFIEE 100
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Round trip efficiency:
(1) Electric energy only: 56%
(2) Total energy: 0.56+0.38=94%

Electric energy

Thermal energy

Round trip efficiency:
(1) Electric energy only: 0.95/1.66=57%
(2) Total energy: 1.51/1.66=91%

I» Electric energy
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Output energy: Electric energy only: 0.95
Total energy: 1.51

Round trip efficiency:
(1) Electric energy only: 0.95/1.56=61%
(2) Total energy: 1.51/1.56=0.97
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Air

energy: Electric energy only: 0.95
Total energy: 1.51
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x3 BE4ORBEEOAOLEBRIRINF - AIXILF-—DHEE

. Cold Warm/Hot
Climate zone - -
Polar Tropical Dry Temperate | Continental
Population Million <79 3,160 1,580 2,370 711
P % <1 40 20 30 9
Electrical 10kWh- 5kWh-
10kWh-20kWh
Average energy consumption per day for energy 20kWh 10kWh
human living (kWh) 8.33-
Heat energy 13.89kWh 0 2.78-5.56kWh
Total energy consumption per day in each Electric 1,185 23,700 23,700 35,550 10,665
major climate zone (GWh) Heat 878 - 6,589 9,883 2,965
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