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Abstract

Twelve-volt lead-acid batteries for solar home systems are reviewed in order to understand why current solar
home systems consisting of a solar panel, battery controller, and 12 V lead-acid battery have not wildly spread in
spite of extensive efforts toward the electrification of rural area worldwide during the past 20 years. The system
failures are mainly due to poor cycle life of 12 V lead—acid batteries for deep charge and discharge coupled with
over—discharge especially in the rainy season. To cope with the problem, long-life twelve-volt lead-free batteries
capable to deep charge-discharge cycle and resistant against over—discharge are designed from a fundamental
point of views and the reality of 12 V lead-free batteries is discussed. The first-generation 12 V lead-free
batteries consisting of five LAMO(Li[Liy,;Aly ;Mn, §]O,)/LTO(Li[Li, 5Tis,5]O,) cells connected in series and the second
generation consisting of four LiNIMO(Li[Ni,,;Mn3,,]0,)/LTO cells connected in series are also highlighted for

advanced solar home systems.
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Fig. 1 Aniillustration of an advanced solar home sys-
tem consisting of a solar panel, controller, 12 V bat-
tery, and DC/AC inverter. Daily maximum recharge-
able capacity of 12 V battery is 50 or 100 Ah, so that a
maximum of 600 Wh or 1.2 kWh can be used for daily
consumption of electricity. Any electric or electronic
equipment available in a market can be used under
such a condition that the daily electricity to be able to
consume is limited.
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Fig.2 Potential profiles of lithium insertion materials
selected for 12 V batteries. The materials are exam-
ined in nonaqueous lithium cells.
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Fig. 3 Potential profile as a function of the state of
charge (SOC) for a possible 12 V battery consisting of
six LTO / LiFePO, cells connected in series.
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Fig. 4 Potential profile as a function of SOC for a
possible 12 V battery consisting of five LTO/LiCoO,
cells connected in series. SOC 100% corresponds to
130 mAh g™ based on the weight of LiCoO, for the
positive electrode.
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Fig. 5 Potential profile for a possible 12 V battery
consisting of five LTO/LiAlysCoq15NigsO, cells con-
nected in series. SOC 100% corresponds to 175 mAh
g based on the weight of LiAlysCoq;5Nigs0, for the
positive electrode.
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Fig. 6 Potential profile for a possible 12 V battery
consisting of five LTO/LiCo,;Ni;;sMn, 50, cells con-
nected in series. SOC 100% corresponds to 140 mAh
g based on the weight of LiCo,;Ni;sMn;,,;0, for the
positive electrode.
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Fig. 7 Potential profile for a possible 12 V battery
consisting of five LTO/LAMO cells connected in series.
SOC 100% corresponds to 105 mAh g™ based on the
weight of LAMO for the positive electrode.
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Fig. 8 Potential profile for a possible 12 V battery
consisting of four LTO/LiNIMO cells connected in se-
ries. SOC 100% corresponds to 135 mAh g based on
the weight of LiNiMO for the positive electrode.
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