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Abstract
Electricity generated largely by fossil fuelmeets the most of 
power requirement of inhabitants of our planet. These resources 
are getting depleted fast. Nuclear energy, wind power, hydraulic 
power etc. constitutes only a small fraction of the power demand 
of the globe. So there have been proposals to collect solar power 
by means of earth orbiting satellites carrying solar collectors, and 
then to beam the power in the form of microwave energy to suitable 
rectenna or receiver structures on the earth. The received power is 
supposed to be distributed to users through grid. Because of the 
many technological problems involved and also prohibitive cost, 
none of these systems have yet been put into effect. Few countries, 
however, continue the effort   to make solar power satellite a viable 
option. The paper reviews the global status in this respect.
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I. Introduction
Reliable and affordable energy is the requirement of our society. 
Population has increased almost eight fold in last 200 years. But 
energy consumption has increased at much higher rate with the 
modernization of life style.Fossil fuels like coal, oil and natural 
gas are most common resources for the generation of electricity. 
Fossil fuel cannot be an eternal source of power generation. As our 
power requirement is exponentially escalating, fossil fuel sources 
are alsoequally getting exhausted.This situation leads to gradual 
increase of price and shortage. Thus we face a scenario when 
fossil fuel supplies in the future would be even more expensive 
andgradually inaccessible. 
Of course, there are few non-fossil fuel sources of energy. They are 
direct and indirect solar energy systems, hydroelectric, wind, ocean 
thermal, photosynthetic fuels (biomass), production of hydrogen.
But they constitute a minor fraction of the earth’s electric energy. 
Nuclear fusion energy is also explored to make it economically 
and technically feasible in the future.
To our planet, solar energy is only unlimited source of energy 
which does not depend on depleting resources of fossil fuel and 
minimizes the environmrnt harming effects. Most of the direct and 
indirect solar power systems have geographic and climatological 
limitations. Sunlight power flux in space is 1368W/m2. But at 
equator on the day of clear sky is 1000 W/m2 implying 27% drop 
in available solar power. Further reduction of 20% for light clouds 
to 70% for heavy clouds is an established fact.   
On the ground we have day and night, so we cannot get power 
on ground at night. Also in cloudy days, we cannot get power 
on ground. So, because of technology and technical reasons the 
ground based solar power serve only an insignificant portions of 
society’s need.  But in space, there is no such kind of weather 
problems; we can get the power all the time in space. So we 
can get power constantly, all day, all the year. It’s very stable.So 
exploring Solar Power Satellite (SPS) i.e. tapping the sun right 
in space is given dueemphasisby many countries.
This paper reviews the global technical and technological status 

of solar power satellite.

II. Concept
The idea of SPS has been out there for a while. In fact, the science 
fiction author Isaac Asimov wrote about orbital power stations 
in a short story published way back in 1941. But the concept 
was first proposed formally in 1968 by the American aerospace 
engineer Peter Glaser [1-2]. Many researchers later explored in 
the similar directions.
Basic concept of Solar Power satellite is deceptively simple. 
Sunlight is captured by large solar panel of photovoltaic cells.  
DC power out of solar cells is converted into microwave energy.  
This microwave energy is beamed back to the earth. On earth this 
is converted back to AC power for distribution(see Fig 1).Though 
the proposals of SPS have been conceptualized for long but the 
many technological problems envisaged these systems could not 
yet been put into effect.
Though technological effort to harvest the sun is constantly 
improving but they provide only intermittent power. Space-based 
solar collectors on the other hand, could generate power nearly 
24 hours a day. The silicon-based photovoltaic cells to convert 
sunlight directly into electricity, was a reality more than 60 years 
ago. The efficiency of conversion in on the rise and other important 
features are seen. These facts provide further impetus to accelerate 
the effort in the direction of SPS.

Fig. 1: SPS is Supposed to Collect Solar Energy in Space and 
Beam it Down to the Earth

Fig. 2: Four Basic Steps in Solar Power Satellite (SPS)
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III. Technological Issues
Implementation of Solar power satellite involves four basic steps 
as elaborated in Fig 2. Technological issues have been identified 
and they are being exploredfor last few decades.

A. Wireless Transmission of Power
World War II developed ability to convert DC energy to microwaves 
using a magnetron, but there was no method for converting 
microwaves back to electricity known or available till that time.
1961 William C. Brown [3, 5] demonstrated a rectenna which 
could convert microwave power to electricity. This event created 
renewed interested to explore the feasibility of SPS further.Power 
can be beamed to the location where it is needed, don’t have to 
invest in as large a grid

B. Sun Looking
PV-cells and Earth looking antenna are the main components on 
the satellite .Mechanical Gimbals are needed between PV-cells 
and antenna. DC from solar power is converted to Microwave 
energy [4] for beaming down to earth.

C. Construction of Large Structure of Satellite
Construct the satellites carrying huge solar cells has been a real 
great technological challenge.

D. Launching Cost of Such a Huge Satellite
Communication satellites are very common. From these 
experiences one can well guess that design and construction of the 
satellites for this purpose would cost a lot of money. Thelaunching 
and maintenance also are very expensive.
A single satellite launch may cost from a low of about $50 million 
to a high of about $400 million. Estimate of a solar panel masses is 
about 1 kg per kilowatt. Thus, a 4 GW power station would weigh 
about 4,000 metric tons. Thus heavy-lift launch vehicle (HLLV) 
would be required. This mayescalates the cost of launching to 
more than $320 billion. One should also keep in mind that failure 
during a launch would lead to a colossal financial damage.

E. Power Generation and Distribution
The conceptof the rectenna was conceived by W.C. Brown of 
Raytheon Company in the early of 1960s. An antenna comprising 
a mesh of dipoles and diodes for absorbing microwave energy 
from a transmitter and converting it into electric power is called 
RECTANA as proposed by Brown (Fig.3). Firstrectenna(Fig. 
4), as conceived at Raytheon Co.,was composed of 28 half 
dipoleseach terminated by bridge rectifier made from four 1N82G 
point contact diode. A power output of 270 watts was produced 
at 40% efficiency. 

Fig. 3: First Rectenna as Conceived in 1960

The transmitting antenna radiates the power uniformly through 
free space to the rectennaAt the receiving side, a rectenna receives 
the transmitted power and converts the microwave power into 
DC power. The impedance matching circuit and filter is provided 
to setting the output impedance of a signal source equal to the 
rectifying circuit.It is a challenge to develop a cable with minimal 
resistive losses to transport high voltage DC power from solar 
panels to microwave conversion unit.

(a) Dipole antennas        (b) Microwave rectifiers
Fig. 4(a): Front Side and (b) Reverse Side of Rectenna Array. 
2.45GHz (50cmx50cm)

A commercial SPS capable of producing 1 GW would be a 
magnificent structure weighing more than 10 000 metric tons 
and measuring several kilometers across. To complete and operate 
an electricity system based on such satellites, we would have to 
demonstrate mastery of six different disciplines: wireless power 
transmission, space transportation, construction of large structures 
in orbit, satellite attitude and orbit control, power generation, and 
power management. Of those six challenges, it’s the wireless 
power transmission that remains the most daunting

IV. Beaming of Microwave Signal
2.45 GHz and 5.8 GHz are kept reserved for industrial, scientific 
and medical uses. These frequencies may be used for SPS. Out of 
these, higher one i.e. 5.8 GHz is desirable because the transmitting 
antennas can be smaller.
It is also not easy to precisely direct a microwave beam from 
a moving source. The beam should be of very narrow width so 
that it does not spread over a very large area. So, it is necessary 
that to send a 5.8 GHz beam from satellite down to the earth, the 
beam divergence should not exceed 100 micro-radians. It also 
demands the pointing accuracy of only 10 micro-radians. Further 
in the centre of the beam the power density would be 1 kW/m2. 
This is equivalent to the intensity of sun light. This far exceeds 
10 W/m2- the regulatory limit for sustained human exposure to 
microwave.  But if rectenna is located in a restricted area, this 
may not be big issue as outside the area the beam power density 
would be far below the regulatory threshold.

V. Global Scenario
In the 1970s, NASA and the U.S. Department of Energy proposed 
various types of solar power satellites (SPSs) and carried out 
serious studies on them.  Considering the cost of a satellite, its 
launch and also considering technological feasibility, plan for SPS 
has been delayed till recently some well thought-of plan has been 
under consideration.
SPS-ALPHA (Solar Power Satellite via Arbitrarily Large Phased 
Array), a novel, cocktail glass-shaped satellite approach (Fig. 5)has 
been conceived to the challenge of space solar power. The design 
[7] was created by Dr John Mankins who was commissioned by 
NASA to explore the possibility of using solar panels in space to 
send energy to Earth. To determine the conceptual feasibility of the 
SPS-ALPHA by means of integrated systems analyses, supported 
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by selected “proof-of-concept” technology experiments has been 
planned. Depending on funding, SPS-ALPHA could be launched 
by as early as 2025. If successful, this project will make possible 
the construction of huge platforms from tens of thousands of small 
elements that can deliver remotely and affordably 10s to 1000s 
of megawatts using wireless power transmission to markets on 
Earth.

Fig. 6: It Looks Like a Cocktail Glass Floating in Space, But the 
SPS-ALPHA Machine Might be Might Actually be the Future of 
How We Collect Solar Energy

Disaster of nuclear power plant at the Fukushima Daiichi prompted 
Japan to search for other alternatives for power generation. Further, 
Japan does not have both fossil fuel resources and empty land 
suitable for renewable power installations. So Japan has to look 
for a practical clean energy source very seriously. Japan Aerospace 
Exploration Agency (JAXA) has initiated some serious effort to 
demonstrate the capability of solar power satellite. It has drawn 
a road map to demonstrate 100-kW SPS around 2020.
The Japan Aerospace Exploration Agency (JAXA) [6] attempts 
to work on two alternatives for collecting solar power in spaceas 
illustrated in Fig.6.
Top left-hand side of Fig. 6 shows the basic model of the 
photovoltaic-topped panel whose efficiency would decrease as 
the world turned away from the sun. Top right-hand side is the 
advanced model featuring two mirrors to reflect sunlight onto two 
photovoltaic panels.This would get solar power round the clock, 
but its implantation is difficult. 
DC generated out of the photovoltaic panels would be converted to 
microwaves aboard the satellite. This is beamed back to the earth. 
Pilot signal from the ground (Fig.6) helps in aiming microwave 
beam at the receiving station far below. Receiving system uses 
the microwave beam to convert it to DC and again to AC power 
for further feeding it into the grid.

Fig. 6: Top left-hand side : The basic model  of the photovoltaic-
topped panel;  Top right-hand side : Advanced model with  two 
mirrors reflecting  sunlight onto photovoltaic panels. 

Based on the recent study on energy audit, UK expects serious 
power cut this winter. UK increasingly depends on energy imports. 
So in search of a sustainable and renewable energy solution, UK 
has given thrust onexploration of renewable energy in space.
HESPeruS (Highly Elliptical Solar Power Satellite) concept for 
a structurally simple modular solar power satellite in a Molniya 
elliptical 12-hour orbit is a challenging proposal (Fig.7) by UK 
engineer Ian Cash [8].It takes less propellant to reach Molniya than 
GEO and historically costs half as much. HESPeruS has two fold 
advantages over the GEO satellite being planned otherwise for 
this purpose. First, GEO satellite does not have the solar energy 
when it is in earth’s shadow.

Fig. 7: SPS Concept of UK Programme

The other one is transmission link complexity as it is farther away 
from the earth. However, a single HESPeruS satellite cannot 
deliver power to the UK when it is in the southern hemisphere. 
However, to surpass this problem, four HESPeruS satellites can 
be placed in time offset orbits.
UK government assured more fund for the Skylon project.The 
first Skylon test flight is expected to happen in 2019.

VI. Conclusion
The basic proposal of solar power satellite conceptually is in place 
for a long time. But by realizing the difficulty of its implementation 
and being convinced of the fact that it is exorbitantly expensive, 
the SPS has not got its due momentum till now.  But with 
the gradual depletion of fossil fuel it has become almost an 
unavoidable situation to turn a renewed interest to explore this 
alternative.  It is no denying fact that the human history has always 
seen the   revolution during the introduction of any new idea of 
energy source.  Many countries like USA, Japan and UK have 
been working on SPS with renewed interest.  If the SPS become 
successful overcoming its yet-now-fully-unseen technological 
barrier, the availability of limitless energy will pay rich dividend 
proving the economic viability in due course of time. 
It is quite convincing in view of the other renewable energy options 
that we will have to find a completely viable solution for SPS  in 
order to keep the lights ‘on’ in the long-term.
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