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Space-Based Solar Power: The Process of
Beaming Energy from Orbit to Earth

In 1968, aerospace engineer Peter Glaser proposed a revolutionary idea: harvesting solar
energy in space and transmitting it wirelessly to Earth. At that time, the concept seemed
futuristic but today, with rapid advancements in space technology, reusable launch systems,
and wireless power transmission, this vision is closer to reality than ever. As the world faces
increasing energy demands and climate challenges, traditional renewable sources like solar and
wind remain limited by intermittency night cycles, weather, and land availability. Space-Based
Solar Power (SBSP) offers a transformative solution: continuous, 24/7 clean energy from space,
unaffected by atmospheric conditions.

I THE ORBITAL PHOTOVOLTAICS

Space-Based Solar Power (SBSP) is a system e crbiingsolae panis
that integrates on-orbit energy capture, wireless
power transmission (WPT), and ground-based
rectennas for energy conversion. This SBSP
revolutionary energy lifecycle operates through
asynchronized three-stage process, y
transforming the vacuum of space into a high- /2 PowerissenttnEart
capacity power plant for Earth:

1. The Orbital Collection Phase:

The process begins in Geostationary Orbit
(GEO), where the large photovoltaic arrays
continuously face the Sun and achieving an
approximation of 99% sunlight availability.
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2. Wireless Power Transmission:

Once the photovoltaic cells harvest this sunlight,
the energy wundergoes its first major
transformation: the generated Direct Current
(DC) electricity 1s converted into microwave
radiation, typically tuned to a frequency of 2.45
GHz. This specific frequency is chosen for its
"atmospheric window," meaning it can pass

3. Terrestrial Reception and Grid
Integration:

Thousands of miles below, the energy is
intercepted by a rectenna. These ground-based
stations are designed to capture the incoming
microwave beam and immediately convert it
back into DC electricity. Current technological
benchmarks suggest that these rectennas can
achieve conversion efficiencies exceeding
80%, making the process remarkably effective.
In the final stage, this electricity is converted
into Alternating Current (AC), allowing it to
flow seamlessly ensuring continuous and
reliable energy supply.

“Space-based solar power represents a

transformative approach to energy generation,
enabling continuous, large-scale power delivery
independent of terrestrial limitations such as
weather, geography, and the day-night cycle. By
harnessing

solar energy in space and
transmitting it efficiently to Earth, it has the

potential to provide a sustainable, reliable, and
globally accessible clean energy solution for
future generations.”

through clouds, rain, and storms with minimal
energy loss. Using advanced phased-array
antennas, the system then shapes this radiation
into a highly controlled, safe, and narrow beam
directed precisely toward a target on the Earth’s
surface.

- John C. Mankins, American Physicist

I GLOBAL SPACE ALLIANCES

space manufacturing are expected to make
SBSP a reliable, continuous source of clean
energy by mid-century.

The pursuit of Space-Based Solar Power (SBSP)
has rapidly evolved into a global strategic
priority for sustainable energy. NASA is
advancing large-scale concepts capable of
generating  gigawatt-level power through
kilometer-scale orbital arrays, while exploring
efficient and scalable system architectures. In
parallel, ISRO 1is developing cost-effective
approaches via VSSC, demonstrating high-
efficiency  wireless power  transmission
leveraging reusable launch vehicle technologies.
Meanwhile, JAXA and China are accelerating
their own programs, targeting  orbital
demonstrations in the 2030s. Despite challenges
such as high launch costs, robotic in-orbit
assembly, and transmission efficiency, continued
advancements in reusable rockets, autonomous

Orbital Solar power station, Credits: NASA



I FUTURE APPLICATIONS OF SPACE-BASED SOLAR POWER

SBSP has potential to revolutionize multiple
sectors beyond conventional electricity
generation. It can provide continuous and
reliable power to remote and isolated regions
such as islands, deserts, and mountainous
areas where building traditional grid
infrastructure is difficult. In times of natural
disasters, SBSP can play a crucial role by
beaming energy directly to affected areas,
enabling rapid restoration of electricity for
hospitals, communication systems, and rescue
operations

Additionally, it also supports future space
exploration by supplying uninterrupted
energy to satellites and lunar bases, providing
a vital power source during the long lunar
nights or in deep-space regions where sunlight
1s scarce. Furthermore, SBSP holds
significant  strategic value in defense
applications, where it can wirelessly power
remote  military  bases, drones, and
surveillance systems, reducing reliance on fuel
transportation and enhancing operational
efficiency.

I CONSTRAINTS AND ADVANTAGES

The massive launch costs billions per gigawatt
satellite rely on reusable rockets like Starship
to drop below $100/MWh viability. Assembly
in orbit demands unproven robotics or
human telerobotics for km-scale arrays.
Microwave beaming stay safe for aviation,
with precise 36K km targeting amid weather.
Rectennas spanning 5-10 km? disputes dual
use farming upfront trillions investment lacks
proven demos beyond Japan's 2025 test array.
High initial infrastructure complexity and
precise beam control requirements pose
significant  engineering and regulatory
challenges. Long-term reliability in harsh
space conditions remains a key challenge.

SBSP offers game-changing advantages over
terrestrial renewables. It also delivers near-
continuous baseload power via 24/7 orbital
sunlight capture, unaffected by weather, night,
or seasons of higher capacity factor than
ground solar. No rare earth dependency or
mining waste, with land use minimized since
rectennas allow farming below. Dispatchable
like fossil fuels but zero emissions or fuel
needs, slashing grid storage costs by 90%.
Massive scalability through satellite swarms
could power entire nations at gigawatt levels.
Finally, it unlocks energy independence,
exporting clean power globally without
geopolitical fuel risks.

“Space-based solar power is the only way to meet the energy needs of a growing global population

without destroying the Earth’s environment.”

~ Dr. Peter Glaser, Father of SBSP

-Written by Kaparthi Sahasra
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