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??? Power the Exploration of Space. DOE will
develop space-capable energy technologies (both
nuclear and non-nuclear) for U.S. space customers,
explore energy management systems for their
potential application to space missions, and
advance innovative energy generation, collection,
storage, distribution,

The goal of the study was to assess the potential of
advanced energy storage technologies to enable
and/or enhance next decade (2010-2020) NASA
Space Science missions, and to define a roadmap
for developing advanced energy storage
technologies. sponsored by the Office of Space,
Science and by the Solar System Exploration
Division at NASA HQ
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the solar system. Power systems are required for all
of these missionconcepts, but which power Energy
Storage Technologies for Future Planetary Science
Missions . Energy Storage ?C. Missions . Missions :
Strategic Missions and Advanced Concepts Office
JPL D-101146
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Photovoltaic arrays are the power system used on
the vast majority space missions. Solar arrays have
the advantage that they can be equally well utilized
from watt-scale power systems to hundreds of watt
sizes, and are the power system of ???

Needs and Technologies for Outer Planet Missions
Missions to the outer planets pose thee key r
challenges for solar arrays. These include 1) low
solar irradiance, which reduces the solar energy
available, especially beyond Jupiter; 2) low

temperatures, particularly during eclipse and
off-pointing, where temperatures as low as 33 deg K

There are three basic methods for energy storage in
spacecraft such as chemical (e.g., batteries),
mechanical (flywheels), and nuclear (e.g.,
radioisotope thermoelectric generator or nuclear
battery) [5].The operational length of the spacecraft
of a mission, such as the number of science
experiments to perform, the exploration of
geological, terrestrial, and atmosphere, is ???
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The energy storage systems used in planetary
science missions include main batteries
(Non-rechargeable), secondary batteries
(rechargeable), and condensers. These advanced
technologies allow for modern research and
exploratory tasks such as power and energy
storage: robotic missions, polar Mars missions and
Moon missions, and distributed

The choice for the type of device used will require a
tradeoff between mass and energy efficiency.
Researchers here show that a photovoltaic system
using compressed hydrogen energy storage can
compete with nuclear energy across about 50% of
the Red Planet. No other planet in our solar system
has sparked the human imagination more than
Mars.

Most of the planetary missions led to date used
solar cells as their power system, especially for
missions close to the Sun and as far as Mars. In
contrast, missions to Jupiter and beyond, where the
Sun irradiance is lower have been typically powered
by RTGs, which transform the heat released by the
decay of a suitable radioactive material into
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the solar system. Power systems are required for all
of these missionconcepts, but which power Energy
Storage Technologies for Future Planetary Science
Missions . Energy Storage . Missions . Missions :
Strategic Missions and Advanced Concepts Office
JPL D-101146
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The SolLong airplane used Li-ion cells with an
energy density of 220 Wh/kg [45].Zephyr 6 and
beyond utilize Li-S batteries, with an energy density
that reached 350 Wh/kg [45], [46].Meanwhile, the

m c Helios HPO3, built for endurance and not maximum
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altitude, used hydrogen- and oxygen-based
regenerative fuel cells, thus becoming the first
O solar-powered ???

ESS

Energy Storage Technologies for Planetary Science
and Astrobiology Missions 1.0Introduction Energy
storage devices are key components of spacecraft
power system, and provide Rechargeable batteries
are being used in solar-powered missions to provide
electrical power during eclipse periods and for
load-leveling. Likewise, they are also being
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with solar power, which were long thought to be out
of the reach of such technologies. Now we see that
even some mission concepts to Saturn are possible
with solar current power technology. A companion
report assesses energy storage technologies for

;:_ﬂ:_j_l planetary missions because, in some cases,
f',_ﬁ—%r:'-‘ missions may need primary batteries for power.
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Reduced Solar Energy Availability Solar energy has
long been the reliable choice for in-space power
applications, but solar array designs on Mars must
account for reduced solar flux, which is at most 45
percent of typical Earth solar flux values and varies
significantly with geographic location and season.

Solar power for a theoretical solar array is estimated

e T - using equation (ref. 17), where A is the total area of
= | li ]mmm the solar panel array = 2,500 m 2 (ref. 38), ?? is the
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