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Technological evolution and future prospects of space batteries
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Hiroyuki Toyota

Power is a critical, life-sustaining element in space exploration. Batteries for space applications must deliver
exceptional reliability over long missions. They must endure extreme conditions such as severe mechanical
stress during launch, high vacuum, and radiation, while operating under precise thermal management within
the spacecraft’s volatile temperature environment. This paper provides a comprehensive overview of the
technological evolution and future prospects of space batteries, focusing on the pioneering achievements of
JAXA’s space science missions. It chronicles the history from primary cells in early satellites to the current
mainstream lithium-ion technology. The core of this review highlights groundbreaking missions developed in
partnership with Furukawa Battery: Hayabusa, the first to utilize specially developed space-grade lithium-ion
batteries and recover from a critical failure; Akatsuki, which survived a five-year standby before successfully
orbiting Venus; Mio (BepiColombo), which employs a battery "hibernation" strategy during its eight-year journey
to Mercury; and SLIM, which achieved a historic precision lunar landing powered by the world’s first stainless-
steel laminated pouch cells. Finally, the paper discusses future trends, such as all-solid-state batteries and

digital twin technology, underscoring their vital role in advancing space exploration.
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Fig.1 Space lithium-ion battery for the asteroid
explorer Hayabusa
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Fig.3 Explorer 1, the first artificial satellite of the
United States (© NASA)
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Fig.5 Explorer 6, the world's first artificial satellite
to integrate and utilize solar cells with
secondary batteries (© NASA)
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Fig.6 PROBA-1, the world's first satellite to
successfully demonstrate long-term
operation with lithium-ion batteries. (© ESA)
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Table.2 Performance requirements for the
Hayabusa battery in each operational

phase
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Fig.8 Required capacity at each milestone,
predicted capacity degradation, and state
of charge (SOC) management plan for
Hayabusa battery (cited from Reference 16)
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Fig.10 Internal circuit diagram and leakage current
path of the Hayabusa battery assembly
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(a) Battery cells (© Furukawa Battery)

(b) #EH (© NEC)
(b) Battery assembly (© NEC)
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Fig.12 Space lithium-ion battery for Akatsuki
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(a) BepiColombo DEXEMMITHDFRE
(ESA FIHEDRICEEHINE) (© ESA/ATG medialab)

(a) BepiColombo in its interplanetary cruise
configuration (illustration by ESA, with
additions by the author) (© ESA/ATG medialab)

(b) KERE 'T&#81 (0 JAXA)
(b) The Mercury magnetospheric orbiter Mio (© JAXA)

15 KE#HEE:HE 'BepiColomboy %M Y 2 IEE
Fig.15 The orbitor that make up the Mercury
exploration project, BepiColombo
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Fig.16 Space lithium-ion battery for Mio (© NEC)
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(b) Battery module (© JAXA/Technosolver)
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Evaluation technology of slurry for lithium-ion battery

by electrochemical impedance spectroscopy (EIS)

AR BEK
Ryota Kubo
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Daisuke Hoshino
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Kazuki Miyakawa

Lithium-ion batteries (LIB) have been commercially available for over 30 years. However, electrode design and
processes have been paid little attention, especially slurry. In this report, a simple method was introduced for
evaluating the properties of LIB slurry using electrochemical impedance spectroscopy (EIS). The dispersion
state of slurry (particularly conductive additive) could be estimated from the parameters obtained by EIS.
Furthermore, the estimated slurry states were consistent with electrode and cell characteristics.
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Development of Rechargeable Magnesium Batteries:
Battery design guidelines based on improved electrolytes, negative

electrodes, and positive electrodes

ik K APRI B2 Pl g
Zhang Yong  Kubota Masaaki Abe Hidetosi
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Kanamura Kiyoshi

Rechargeable magnesium batteries are attractive for large-scale energy storage owing to Mg abundance,

safety, and high volumetric capacity. However, sluggish Mg

 transport within electrode materials and the

unstable surface of the Mg metal negative electrode remains key challenges. In this study, we investigated
electrolytes, negative electrode and positive electrode materials, building upon our research outcomes. It
showed LiBH,-added Mg(TFSI), electrolytes enabled reversible Mg dissolution and precipitation to stabilize Solid
Electrolyte Interphase (SEl) formation. LZ91 alloy negative electrode showed superior stability and efficiency
compared to pure Mg and other alloys. MnO,-coated V,S; positive electrode provided better capacity retention,
with 15 wt% coating giving optimal performance. These results demonstrate that material design is essential
for advancing practical rechargeable magnesium batteries.
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The ESS using valve regulated lead-acid batteries with solar power
at Daiseki MCR Co. Inc., Hiraide plant
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The Mercury Magnetospheric Orbiter is
scheduled to arrive at Mercury in about one year.
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Adoption of 395LN4-ISS Lead Acid Battery for
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