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Abstract- The search for a new, safe and stable
renewable energy source led to the idea of building a
power station in space which transmits electricity to
Earth. The concept of Solar Power Satellites (SPS) was
invented by Glaser in 1968.Research is still going on in
this field and NASA is planning to implement one by
2040. SPS converts solar energy into microwaves and
transmit it to a receiving antenna on Earth for
conwversion to electric power. The key technology needed
to enable the future feasibility of SPS is Microwave
Power Transmission.

SPS would be a massive structure with an area of about
56 sgm and would, weigh about 30,000 to 50,000 metric
ton. Estimated cost is about $74 billion and would take
about 30 years for its construction. In order to reduce
the projected cost of a SPS suggestions are made to
employ extraterrestrial resources for its construction.
This reduces the transportation requirements of such a
massive structure. Howewver the realization of SPS
concept holds great promises for solving energy crisis.

Index Terms- population, radio waves, electromagnetic
radiation, microwave beam.

I. INTRODUCTION

The new millennium has introduced increased
pressure for finding new renewable energy sources.
The exponential increase in population has led to the
global crisis such as global warming, environmental
pollution and change and rapid decrease of fossil
reservoirs. Also the demand of electric power
increases at a much higher pace than other energy
demands as the world is industrialized and
computerized. Under these circumstances, research
has been carried out to look into the possibility of
building a power station in space to transmit
electricity to Earth by way of radio waves-the Solar
Power Satellites. Solar Power Satellites (SPS)
converts solar energy in to micro waves and sends
that microwaves in to a beam to a receiving antenna
on the Earth for conversion to ordinary electricity.
SPS is a clean, large-scale, stable electric power
source. Solar Power Satellites is known by a variety
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of other names such as Satellite Power System, Space
Power Station, Space Power System, Solar Power
Station, Space Solar Power Station etc. One of the
key technologies needed to enable the future
feasibility of SPS is that of Microwave Wireless
Power Transmission. WPT is based on the energy
transfer capacity of microwave beam i.e. energy can
be transmitted by a well focus microwave beam.
Advances in Phased array antennas and rectennahave
provided the building blocks for a realizable WPT
system.
Il. LITERATURE REVIEW

The concept of a large SPS that would be placed in
geostationary orbit was invented by Peter Glaser in
1968.The SPS concept was examined extensively
during the late 1970s by the U.S Department of
Energy (DOE) and the National Aeronautics and
Space Administration (NASA). The DOE-NASA put
forward the SPS Reference System Concept in 1979.
The central feature of this concept was the creation of
a large scale power infrastructure in space, consisting
of about 60 SPS, delivering a total of about
300GW.But, as a result of the huge price tag, lack of
evolutionary concept and the subsiding energy crisis
in 1980-1981, all U.S SPS efforts were terminated
with a view to re-asses the concept after about ten
years. During this time international interest in SPS
emerged which led to WPT experiments in Japan.

A. Recent Nasa Efforts

During 1995-96, NASA conducted a re-examination
of the technologies, system concepts of SPS systems.
The principal objective of this ‘Fresh Look Study’
was to determine whether a SPS and associated
systems could be defined. The Fresh Look Study
concluded that the prospects for power from space
were more technically viable than they had been
earlier. During 1998, NASA conducted the SSP
Concept Definition Study which was a focused one
year effort that tested the results of the previous Fresh
Look Study. A principal product of the efforts was
the definition of a family of strategic R&T road maps
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for the possible development of SSP technologies. In
2000, NASA conducted the SERT Program which
further defined new system concepts. The SERT
Program comprised of three complementary
elements:
»  System studies and analysis
Analysis of SSP systems and architecture
concepts to address the economic viability as
well as environmental issue assessments.
»  SSP Research and technology
Focused on the exploratory research to identify
systemconcepts and establish technical viability
e SPS technology demonstration
Initial small scale demonstration of key SSP
concepts and / or components using related
system/ technologies.

I1l. CONCEPT OF SOLAR POWERED
SATELITES

Solar Power Satellites would be located in the
geosynchronous orbit. The difference between
existing satellites and SPS is that an SPS would
generate more power-much more power than it
requires for its own operation.

The solar energy collected by an SPS would be
converted into electricity, then into microwaves. The
microwaves would be beamed to the Earth’s surface,
where they would be received and converted back
into electricity by a large array of devices known as
rectifying antenna or rectenna. (Rectification is the
process by which alternating electrical current, such
as that induced by a microwave beam, is converted
to direct current). This direct current can then be
converted to 50 or 60 Hz alternating current.

Each SPS would have been massive; measuring 10.5
km long and 5.3 km wide or with an average area of
56 sq.km. The surface of each satellite would have
been covered with 400 million solar cells. The
transmitting antenna on the satellite would have been
about 1 km in diameter and the receiving antenna on
the Earth’s surface would have been about 10 km in
diameter. The SPS would weigh more than 50,000
tons.

The reason that the SPS must be so large has to do
with the physics of power beaming. The smaller the
transmitter array, the larger the angle of divergence
of the transmitted beam. A highly divergent beam
will spread out over a large area, and may be too
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weak to activate the rectenna. In order to obtain a
sufficiently concentrated beam; a great deal of power
must be collected and fed into a large transmitter
array.
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Fig. I. Configuration of SPS is space

The day-night cycle, cloud coverage, atmospheric
attenuation etc. reduces the amount of solar energy
received on Earth’s surface. SPS being placed in the
space overcomes this .Another important feature of
the SPS is its continuous operation i.e. 24 hours a
day, 365 days a year basis. Only for ma total of 22 in
a year would the SPS would be eclipsed for a period
of time to a maximum of 72 min. If the SPS and the
ground antenna are located at the same longitude, the
eclipse period will centre around midnight.

The power would be beamed to the Earth in the form
of microwaves at a frequency of 245 GHz
Microwaves can pass unimpeded through clouds and
rain .Microwaves have other features such as larger
band width, smaller antenna size, sharp radiated
beams and they propagate along straight lines.
Because of competing factors such as increasing
atmospheric attenuation but reducing size for the
transmitting antenna and the other components at
higher frequency, microwave frequency in the range
of 2-3 GHz are considered optimal for the
transmission of power from SPS to the ground
rectenna site. A microwave frequency of 2.45 GHz is
considered particularly desirable because of its
present uses for ISM band and consequently probable
lack of interference with current radar and
communication systems. The rectenna arrays would
be designed to let light through, so that crops or even
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solar panels could be placed underneath it. Here
microwaves are practically nil.

The amount of power available to the consumers
from one SPS is 5 GW. the peak intensity of
microwave beam would be 23 mW/cm?.So far, no
non thermal health effects of low level microwave
exposure have been proved, although the issue
remains controversial. SPS has all the advantage of
ground solar, plus an additional advantage; it
generates power during cloudy weather and at night.
In other words SPS receiver operates just like a solar
array. Like a solar array, it receives power fromspace
and converts it into electricity. If the satellite position
is selected such that the Earth and the Sun are in the
same location in the sky, when viewed from the
satellite, same dish could be used both as solar power
collector and the microwave antenna. This reduces
the size and complexity of satellite.

However, the main barrier to the development of SPS
is social, not technological. The initial development
cost for SPS is enormous and the construction time
required is very long. Possible risks for such a large
project are very large, pay-off is uncertain. Lower
cost technology may be developed during the time
required to construct the system. So such a large
program requires a step by step path with immediate
pay-off at each step and the experience gained at each
step refine and improve the risk in evolutionary steps.

A Typical SPS Configuration
{2 x 5000 Megawatts Output)
r5kr_nj;>

-75000 tons

\ Microwave
\beam
Solar array Antenna subarray /
. Metalized  Antenna e /
plastic film waveguides !
DC-RF [Rectenna \
Solar cells converters: 10 km’fz)\\ \ e
LA g\
~ <A

Backstop screen ot )
Electric power out
Dipole antenna

Fig. Ill. A Typical SPS Configuration
IV. WIRELESS POWER TRANSMISSION

Transmission or distribution of 50 or 60 Hz electrical
energy fromthe generation point to the consumer end
without any physical wire has yet to mature as a
familiar and viable technology. However, the
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reported works on terrestrial WPT have not revealed
the design method and technical information and also
have not addressed the full-scale potential of WPT as
compared with the alternatives, such as a physical
power distribution line. However the main thrust of
WPT has been on the concept of space-to-ground
(extraterrestrial) transmission of energy using
microwave beam.
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Fig. Il. shows the block diagram of a conceptual
WPT systemannexed to a grid.

The 50 Hz ac power tapped from the grid lines is
stepped down to a suitable voltage level for
rectification into dc. This is supplied to an oscillator
fed magnetron. Inside the magnetron electrons are
emitted from a central terminal called cathode. A
positively charged anode surrounding the cathode
attracts the electrons. Instead of traveling in a straight
line, the electrons are forced to take a circular path by
a high power permanent magnet. As they pass by the
resonating cavities of the magnetron, a continuous
pulsating magnetic field i.e., electromagnetic
radiation in microwave frequency range is generated.
After the first round of cavity-to-cavity trip by the
electrons is completed the next one starts, and this
process continues as long as the magnetron remains
energized. Fig.4 shows the formation of a re- entrant
electron beam in a typical six cavity magnetron. The
output of the rectifier decides the magnetron anode
dc voltage. This in turn controls the radiation power
output. The frequency of the radiation is adjusted by
varying the inductance or capacitance of the
resonating cavities.
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Fig. IV. Re-entrant electron beam in a six-cavity
magnetron
The microwave power output of the magnetron is
channeled into an array of parabolic reflector
antennas for transmission to the receiving end
antennas. To compensate for the large loss in free
space propagation and boost at the receiving end the
signal strength as well as the conversion efficiency,
the antennas are connected in arrays. Moreover,
arrayed installation of antennas will necessitate a
compact size.
A series parallel assembly of schottky diodes, having
a low standing power rating but good RF
characteristics is used at the receiving end to rectify
the received microwave power back into dc. Inverter
is used to invert the dc power into ac.
A simple radio control feedback system operating in
FM band provides an appropriate control signal to the
magnetron for adjusting its output level with
fluctuation in the consumers demand at the receiving
side. The feedback system would switch of the
supply to the oscillator and magnetron at the sending
end if there is a total loss of load.
The overall efficiency of the WPT system can be
improved by,
1. Increasing directivity of the antenna array.
2. Using dc to ac inverters with higher conversion
efficiency.
3. Using schottky diode with higher ratings.

V. MICROWAVE POWER TRANSMISSION IN
SPS
A. Transmitter.
B. Bam Control.
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C. Rectenna

The microwave transmission systemas envisioned by
NASA and DOE would have had three aspects:

1. The conversion of direct power from the
photovoltaic cells, to microwave power on the
satellites on geosynchronous orbit above the Earth.

2. The formation and control of microwave beam
aimed precisely at fixed locations on the Earth
surface.

3. The collection of the microwave energy and its
conversion into electrical energy at the earth’s
surface.

The ability to accomplish the task of efficiently
delivering electrical power wirelessly is dependent
upon the component efficiencies used in transmitting
and receiving apertures and the ability to focus the
electromagnetic beam onto the receiving rectenna.
Microwave WPT is achieved by an unmodulated,
continuous wave signal with a band width of 1Hz
Frequency of choice for microwave WPT has been
2.45GHz due to factors such as low cost power
components, location in the ISM band, extremely low
attenuation through the atmosphere. The next
suggested band centered at 5.8GHz system reduces
the transmitting and receiving apertures. But this is
not preferred due to increased attenuation on higher
frequency.

A.  Transmitter

The main components of a transmitter include dc-to-
RF converter and transmitting antenna. The
complexity of the transmitter depends on the WPT
application. For the large scale WPT application such
as SPS, phased array antennas are required to
distribute the RF power sources across the aperture
and electronically control the power beam. Power
distribution at the transmitting antenna=V (1-r2),
where r is the radius of antenna.

There are mainly three dc-to-RF power converters:
magnetrons, klystrons and solid state amplifiers.

Catcher cavity

Focusing
electrodes

Fig. V. shows the séhematic diagram of a klystron
amplifier
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B. Bam Control

A key system and safety aspect of WPT in its ability
to control the power beam. Retro directive beam
control systems have been the preferred method of
achieving accurate beam pointing.
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Transmitter
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Rectenna
Fig. V1. Retro directive beam control concept with an
SPS
C. Rectenna
Brown was the pioneer in developing the first
2.45GHz rectenna. Rectenna is the microwave to dc
converting device and is mainly composed of a
receiving antenna and a rectifying circuit. Fig .8
shows the schematic of rectenna circuit. It consists of
a receiving antenna, an input low pass filter, a
rectifying circuit and an output smoothing filter. The
input filter is needed to suppress re radiation of high
harmonics that are generated by the non-linear
characteristics of rectifying circuit because it is a
highly non linear circuit, harmonic power levels must
be suppressed. One method of suppressing harmonics
is by placing a frequency selective surface in front of
the rectenna circuit that passes the operating
frequency and attenuates the harmonics.

Power Beam

Antenna Schottky
N, Barrier
; Diode
Low DC
Pass * Bypass
Filter Filter

Schematic of rectenna circuit Fig. VII.
VI. RECENTLY DEVELOPED MPT SYSTEMS

The Kyoto University developed a system called
Space Power Radio Transmission System (SPORTS).
The SPORTS is composed of solar panels, a
microwave transmitter subsystem, a near field
scanner, a microwave receiver. The solar panels
provide 84 kW dc power to the microwave
transmitter subsystem composed of an active phased
array. It is developed to simulate the whole power
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conversion process for the SPS, including solar cells,
transmitting antennas and rectenna system.

Another MPT system recently developed by a team
of Kyoto University ,NASDA and industrial
companies of Japan , is an integrated unit called the
Solar  Power Radio Integrated  Transmitter
(SPRITZ),developed in 2000. This unit is composed
of a solar cell panel, microwave generators,
transmitting array antennas and a receiving array in
one package. This integrated unit as shown in fig.9
could be a prototype of a large scale experimental
module in the orbit.

e
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Specitications
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Fig. VIII.  SPRITZ (Solar Power Radio Integrated
Transmitter 2000)

VII. EXPERIMENTAL SETUP OF SPS FROM
NON TERRESTRIAL MATERIALS:
FEASIBILITY AND ECONOMICS

SPS, as mentioned before is massive and because of
their size they should have been constructed in space.
Recent work also indicate that this unconventional
but scientifically well —based approach should permit
the production of power satellite without the need for
any rocket vehicle more advanced than the existing
ones. The plan envisioned sending small segments of
the satellites into space using the space shuttle. The
projected cost of a SPS could be considerably
reduced if extraterrestrial resources are employed in
the construction. One often discussed road to lunar
resource utilization is to start with mining and
refining of lunar oxygen, the most abundant element
in the Moon'’s crust, for use as a component of rocket
fuel to support lunar base as well as exploration
mission. The aluminum and silicon can be refined to
produce solar arrays. A number of factors combine to
make the concept of using non-conventional
materials appear to be feasible. Among them are the
shallow gravity wells of the Moon and asteroids; the
presence of an abundance of glass, metals and
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oxygen in the Apollo lunar samples; the low cost
transport of those materials to a higher earth orbit by
means of a solar-powered electric motor; the
availability of continuous solar energy for transport,
processing and living. Transportation requirement for
SPS will be much more needed for known for known
commercial  applications.  One  major new
development for transportation is required: the mass
driver. The mass driver is a long and narrow machine
which converts electrical energy into kinetic energy
by accelerating 0.001 to 10 kg slugs to higher
velocities. Each payload-carrying bucket contains
superconducting coils and is supported without
physical contact by means of dynamic magnetic
levitation. As in the case of a linear synchronous
motor-generator, buckets are accelerated by a
magnetic field, release their payload, decelerate with
return energy and pick up another pay load for
acceleration. The power source can be either solar or
nuclear. The mass driver conversion efficiency from
electrical to kinetic energy is close to 100 percent.
The mass driver can be used as a launcher of lunar
material into free space or as a reaction engine in
space, where payloads are transferred from orbit to
orbit in a spiral trajectory. The performance of the
mass driver could match that of the space shuttle
main engines. But the mass driver has the advantage
that any material can be used as fuel and continuous
solar power in space is the common power source.
An alternative to the use of lunar resources for space
manufacturing is the use of earth-approaching
asteroidal materials.

VILADVANTAGES AND DISADVANTAGES

1. The idea collecting solar energy in space and
returning it to earth using microwave beam has
many attractions.

2. The full solar irradiation would be available at
all times expect when the sun is eclipsed by the
earth. Thus about five times energy could be
collected, compared with the best terrestrial sites.

3. The power could be directed to any point on the
earth’s surface.

4. The zero gravity and high vacuum condition in
space would allow much lighter, low
maintenance structures and collectors.

5. No moving parts.

6. No fuel required.
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7. The power density would be uninterrupted by
darkness, clouds, or precipitation, which are the
problems encountered with earth based solar
arrays.

8. The realization of the SPS concept holds great
promises for solving energy crisis.

9. No waste product.

The concept of generating electricity from solar

energy in the space itself has its inherent

disadvantages also. Some of the major disadvantages
are:

1. The main draw back of solar energy transfer
from orbit is the storage of electricity during off
peak demand hours.

2. The frequency of beamed radiation is planned to
be at 2.45 GHz and this frequency is used by
communication satellites also.

3. The entire structure is massive.

4. High cost and require much time for
construction.

5. Radiation hazards associated with the system.
Risks involved with malfunction.

6. High power microwave source and high gain
antennacan be used to deliver an intense burst of
energy to atarget and thus used as a weapon.

IX. CONCLUSION

The SPS will be a central attraction of space and
energy technology in coming decades. However,
large scale retro directive power transmission has not
yet been proven and needs further development.
Another important area of technological development
will be the reduction of the size and weight of
individual elements in the space section of SPS.
Large-scale transportation and robotics for the
construction of large-scale structures in space include
the other major fields of technologies requiring
further developments. Technical hurdles will be
removed in the coming one or two decades. Finally,
we look forward to universal acceptance of the
premise the electromagnetic energy is a tool to
improve the quality of life for mankind. It is not a
pollutant but more aptly, a man made extension of
the naturally generated electromagnetic spectrum that
provides heat and light for our sustenance. Fromthis
view point, the SPS is merely a down frequency
converter from the visible spectrumto microwaves.
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