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Abstract:

The feasibility of the spacecraft power system using lithium-ion capacitors (LICs) as its energy storage source
is discussed on the basis of a comparison with lithium-ion batteries (LIBs). Although the specific energy of LICs
is rather lower than that of LIBs, the LICs’ outstanding cycle life performance at even deep depth of discharge
(DoD) can bridge the gap between LIBs and LICs with respect to the net specific energy, which is defined as the
product of the specific energy and DoD.

A constant power (CP) charging scheme that can reduce the size and mass of photovoltaic (PV) arrays in the
LIC-based power system is proposed. LIBs usually need not only constant current (CC) charging but also
constant voltage (CV) charging to be charged to a high state of charge (SoC) level, while LICs can reach a high
SoC without CV charging. Using CP charging instead of traditional CC—CV charging, the power demand for PV
arrays from LICs can be leveled to be constant, resulting in a reduction of the size and mass of PV arrays.

The mass comparison between the LIB- and LIC-based power systems consisting of energy storage source, PV
arrays, and power conditioning system was made. In the case that the LIB-based system is operated at a relatively
shallow DoD (shallower than 20%) to achieve long cycle life, the LIC-based system with deep DoD (60-80%)
can be comparable. The analysis indicated that the LIC can be an alternative energy storage source to the LIB that
is operated with shallow DoD to achieve long cycle life, even from the power system mass view point. Other
benefits, such as extended operational temperature range of the LIC, etc., improve the likelihood of LICs being

considered to be a spacecraft energy storage source.
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Table 1. Comparison among traditional secondary batteries, EDLC, and LIC.

Alkaline Battery LIB Supercapactor

(Ni-Cd, Ni-MH) EDLC LIC
Specific Energy 40-60 Whkg <150 Wh/kg <10 Wh/kg <30 Wh/kg
Depth of Discharge <40% <40% < 80% <80%

Net Specific Energy <24 Wh/kg <60 Wh/kg < 8 Wh/kg < 24 Wh/kg
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Fig. 1. Typical charging profiles of (a) a 10-Wh LIB cell and (b) a 10-Wh LIC cell.
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Fig. 2. Bus architecture for (a) LIB-based

system and (b) LIC-based system.

Table 2. Parameters for mass comparison.
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Fig. 3. Mass of LIB- and LIC-based power

systems as a function of DoD.
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