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Could solar power power a mission to Mars?

Why is solar energy important for Mars surface missions? : %

Solar energy is an important source of powerfor Mars surface missions. We utilize the output of a 1D
radiative transfer algorithm to investigate the optimal orientation of static,tilted solar panels across the planet
and compare their available energy to that of sun-tracking panels.

How does Mars affect solar power?

Mars presents a number of challenges for solar power system operation, including a dusty atmosphere which
modifies the spectrum and intensity of the incident solar illumination as a function of time of day, degradation
of the array performance by dust deposition, and low temperature operation.

How long does solar power last on Mars?

Solar power, on the other hand, must be stored for use at night, which lasts about the same length of time on
Mars as it does on Earth. And the persistent red dust that covers everything on Mars can limit the power
production of solar panels.

Why are solar resources so poor on Mars?

Compared to the Earth,solar resources on Mars are poor,with an average irradiance only 43% that of Earth
but with longer and more dramatic seasons that greatly exacerbate resource variability. Orbital

dynamics,atmospheric dust,red shifting,and other factors lead to low energy production outside of equatorial
regions.
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SOLAR ENERGY ON MARS SOLAR
COMPARED TO EARTH

The model assumes that solar energy could be
stored on site using a compressed hydrogen While
solar systems do get dusty over time on Mars (as
shown here with NASA's InSight mission), humans

Nuclear vs solar energy is an endless source of
discussion and contention. The aim of this section
should be to establish a reasonable cost of energy
on Mars to be able to evaluate projects, and to offer
a basis of comparison with Earth. As of 2024 we
find Solar is about 3x as expensive as nuclear might
be.

The weaker response to solar drivers on Mars has
also been noted by Forbes et al. . They compared
the contemporaneous response of the Earth and
Mars" thermosphere to the 27-day variation of solar
flux parameterized by F 10.7. Their analysis
considered the differences in ionospheric cooling
processes in the atmospheres of Mars, Earth, and
Venus.

(C) 2025 Solar Energy Resources 2/11 Web: https://www.gebroedersducaat.nl



SOLAR ENERGY ON MARS SOLAR’
COMPARED TO EARTH

Mars is the fourth planet from the Sun.The surface
of Mars is orange-red because it is covered in

.
7 —[ iron(lll) oxide dust, giving it the nickname "the Red
J v \ Planet". [22] [23] Mars is among the brightest
e objects in Earth's sky, and its high-contrast albedo
features have made it a common subject for

telescope viewing is classified as a terrestrial planet
and is the second smallest of the Solar

Is solar energy better than nuclear energy?
Scientists say solar tech could provide all the power
needed for an extended mission to Mars. While the
debate between solar energy and nuclear energy
continues on Earth, ???

The main source of power for some NASA Mars
rovers comes from a multipanel solar array. But, in
the last decade or so, most people had assumed
that nuclear power would be a better option than

1075KWHH ESS solar energy for human missions, according to
co-lead author Aaron Berliner, a bioengineering
= ' graduate student in the Arkin Laboratory at UC
< Berkeley.
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SOLAR ENERGY ON MARS SOLAR’
COMPARED TO EARTH

The result? Mars" solar irradiance (W/mz2) is around
43.1% of Earth"s, making Mars less suitable for
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generating solar energy. However, solar is still a

strong option for Mars exploration but needs

s60

significantly more efficient solar technologies to
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meet energy requirements. Photovoltaic panels are
an excellent fit.

(blue-green) the solar irradiance on Earth never

T % exceeds 590 W/m2 (the maximum solar irradiance
I [T TIOITE on Mars). In the light shaded area (yellow ) the solar
| M T T irradiance on Earth exceeds 590 W/m2 for at least

part of the day. On the red line between the two
shaded areas the intensity of the sunlight on Earth
reaches exactly 590 W/m2 for just a few

Is solar energy better than nuclear energy?
Scientists say solar tech could provide all the power
needed for an extended mission to Mars. While the
debate between solar energy and nuclear energy
continues on Earth, some people are looking to the
stars.. When it comes to space exploration,

scientists are always trying to optimise the way that
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SOLAR ENERGY ON MARS SOLAR
COMPARED TO EARTH

Operational challenges on the Moon are
significantly escalated on Mars. Mars is the fourth
planet in the solar system. The distance from Sun to
Mars is approximately 210.96 million km, due to
which the photonic energy on the surface and in
orbit is significantly reduced; the solar irradiance on
Mars is approximately 590 W/m 2. Moreover, the

Solar energy is an important source of power for
Mars surface missions. We utilize the output of a 1D
radiative transfer algorithm to investigate the optimal
H 1 orientation of static, tilted solar panels across the
= planet and compare their available energy to that of
sun-tracking panels. Tilted static solar panels can
collect up to 8.5 times as much solar energy as

horizontal static ???

But the weight of the needed solar equipment would
go up to more than 20 tons for a Mars outpost
closer to the poles. Mars is tilted on its axis by about
25 degrees, slightly more than Earth is
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SOLAR ENERGY ON MARS SOLAR
COMPARED TO EARTH

. In order to compare the interaction of the solar wind
;"I;’;“';“;f{:\ | L with Mars and Earth under north???south IMFs, we
'L used same solar wind and IMF conditions as Lu et

512\
“ "~ al. and Zhang et al. . The radial velocity (V x ) and
dynamic pressure ( P d ) of the solar wind are kept

constant at 500 km s ???1 and 3 nPa, respectively.

In a planet size comparison, Mars revolves around
the Sun at a mean distance of 228 million kilometers
(140 million miles), which is about 1.5 times the
spacing of Earth from the Sun. Mars is an Earth-size
planet. Its orbit places it farther from the Sun than
St Earth, making it smaller than Jupiter, the solar
system's most giant planet.

The new study, published this week in the journal
Frontiers in Astronomy and Space Sciences, uses a
systems approach to actually compare these two
technologies head-to-head for a six-person
extended mission to Mars involving a 480-day stay
on the planet's surface before returning to Earth.
That is the most likely scenario for a mission that
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SOLAR ENERGY ON MARS SOLAR’
COMPARED TO EARTH

Our scientists and far-ranging robots explore the
wild frontiers of our solar system. NASA. Solar
System Exploration Our Galactic Neighborhood.
Skip Navigation. menu close modal Planet Compare
More Destinations Click for more Jupiter Click for
more Earth Click for more Mercury Earth (1) Mars
(2) Jupiter (95) Saturn (83) Uranus (27) Neptune
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And you can purify it even further if you have
“Te— carbon, hydrogen, and chlorine, all of which are
lacking on the Moon but are available in abundance
on Mars. Therefore, lunar made solar panels would

— v have an efficiency of about 5%, whereas martian
- solar panels could hypothetically be made to match
the efficiency of panels we see on Earth, about
30%.

A year on Mars lasts 669.6 sols, which is the same
as 687 Earth days. Mars" axis of rotation is tilted 25
degrees with respect to the plane of its orbit around
the Sun. This is another similarity with Earth, which
has an axial tilt of 23.4 degrees. Like Earth, Mars
has distinct seasons, but they last longer than
seasons here on Earth since Mars
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SOLAR ENERGY ON MARS SOLAR’
COMPARED TO EARTH

In this section we are looking at the relationship
between the Earth and the Sun and how solar
energy is stored on Earth. We have learnt that
plants store the Sun's energy and we are able to
use that energy later on. But what happens to the
stored energy when plants die? To answer this
question we need to go back in time.

* -

From our vantage point on Earth, the Sun may
appear like an unchanging source of light and heat
in the sky. But the Sun is a dynamic star, constantly
changing and sending energy out into space. The
science of studying the Sun and its influence
throughout the solar system is called heliophysics.
The Sun is [??7]

i
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Healing continues in the atmosphere over the
Antarctic: a hole that opens annually in the ozone
layer over Earth's southern pole was relatively small
in 2024 compared to other years. Scientists with
NASA and the National Oceanic and Atmospheric
Administration (NOAA) project the ozone layer could
fully recover by 2066.
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SOLAR ENERGY ON MARS SOLAR
COMPARED TO EARTH

Earth during acceptance testing prior to launch
???Minimize over-sizing (mass penalty) for risk

management ???Energy storage subsystem
???Regenerative Fuel Cell (RFC), Battery ?7?7?
Pappa, R. et al, "Mars Surface Solar Array
Structures,” Space Power Workshop, April 26, 2017
??? Landis, G. "DUST-INDUCED DEGRADATION
OF SOLAR ARRAYS ON

1

=l o

[

55
—

Almost all of the Earth's energy input comes from
— the sun.Not all of the sunlight that strikes the top of
, - the atmosphere is converted into energy at the
) surface of the Earth. The Solar energy to the Earth
— refers to this energy that hits the surface of the
Earth itself. The amount of energy that reaches the
| the Earth provides a useful understanding of the

energy for the Earth as a system.

Wind was dismissed as inviable. "We were excited
to find that there are many locations across the
planet where winds are strong enough to provide a
really stable power resource." Now, a study
published in Nature Astronomy has suggested that
wind energy could, indeed, be harnessed to power
human settlements on Mars.
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SOLAR ENERGY ON MARS SOLAR
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When the solar system settled into its current layout
about 4.5 billion years ago, Mars formed when
gravity pulled swirling gas and dust in to become the
fourth planet from the Sun. Mars is about half the
size of Earth, and like its fellow ??7?

Mars Observational Parameters Discoverer:
Unknown Discovery Date: Prehistoric Distance from
Earth Minimum (10 6 km) 54.6 Maximum (10 6 km)
401.4 Apparent diameter from Earth Maximum
(seconds of arc) 25.6 Minimum (seconds of arc) 3.5
Mean values at opposition from Earth Distance from
Earth (10 6 km) 78.34 Apparent diameter (seconds
of arc) 17.8 ???

The circumference of Mars is also about half that of
Earth. The volume of Mars is 15% of the volume of
Earth. So if you could crack the Earth open like an
egg, about 6.5 planets the size of Mars could fit
inside. Mars is not just smaller than Earth, it is also
less dense. Though Mars is ???
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SOLAR ENERGY ON MARS SOLAR’
COMPARED TO EARTH

. Generating renewable energy on Mars is
' l I cilimmpsntsarred . , .

LI | i oo technologicallychallenging. Firstly, because

| compared to Earth, key energy resources such as

solar and windare weak as a result of very low

atmospheric pressure and low solar irradiation.

Secondly, becauseof the harsh environmental

conditions, the

Mars gets less than half the light that we get on
Earth and there are dust storms, but the
atmosphere is much thinner and there are no
clouds. After all factors have been considered, how
effective are solar cells on Mars (compared with
those on Earth)?

It also influences Earth's climate: We know subtle

changes in Earth's orbit around the Sun are

responsible for the comings and goings of the past
ice ages. But the warming we"ve seen over the last
few decades is too rapid to be linked to changes in

Earth's orbit, and too large to be caused by solar
activity. 1
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