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Text 1 
Could solar panels in space supply Earth with clean energy? 

As a prototype prepares for tests in orbit, Nature looks at  
five of the biggest challenges for space-based solar power 

Elizabeth Gibney 
 
For 100 years, people have dreamed of sending vast arrays of solar panels into space and beaming their energy 1 
down to Earth. Unlike intermittent renewable-energy sources on the ground, these orbiting panels would always 2 
bask in bright sunlight and would potentially offer a continuous supply of power. 3 
Now such schemes are beginning to look possible, thanks to cheaper hardware and the falling cost of space 4 
launches. Teams around the world are working on key parts of space-based solar-power systems, and a 5 
prototype built by researchers at the California Institute of Technology (Caltech) should begin experiments in 6 
orbit this month. 7 
“There’s nothing outlandish in this that would require new physics,” says James Carpenter, who co-leads 8 
the Solaris initiative, a feasibility study undertaken by the European Space Agency (ESA) that could lead to full 9 
development of the technology from 2025. “Economically, it’s comparable, for example, with nuclear power,” 10 
says Carpenter, who is based at ESA’s European Space Research and Technology Centre in Noordwijk, the 11 
Netherlands. 12 
Space-based solar power would be viable only if it were implemented on a massive scale. Scientists anticipate 13 
building kilometres-wide arrays of solar panels that would orbit Earth at a distance of around 36,000 kilometres. 14 
The energy that they harvest would be converted to microwaves and beamed down to surface-based receivers 15 
with even larger physical footprints. 16 
China has announced plans to put a megawatt-scale demonstration unit in low-Earth orbit in 2028, before 17 
deploying another system to a more distant geosynchronous orbit in 2030. Carpenter says that, with sufficient 18 
funding, the first multigigawatt solar power station could be operational by 2040. But despite the excitement, 19 
huge technical hurdles remain. 20 
Nature looks at five big questions that researchers must answer to make space-based solar power a reality. 21 
 22 
How can a solar farm be built in space? 23 
To generate a gigawatt of power — comparable to the output of a power station on Earth — the orbiting arrays 24 
would need to be more than one square kilometre in size. That’s more than 100 times the size of the 25 
International Space Station, which took a decade to build. An array would be assembled in space from modules 26 
that could be mass-produced and launched separately. Caltech’s experiment will involve unfurling a tightly 27 
folded structure into a solar panel platform roughly the size of a dining table, but the modules in a full-sized 28 
array could be up to 60 metres long. 29 
Other projects use different designs. Among the proposals ESA’s Solaris initiative is considering is a helical 30 
structure, and in Xi'an, China, Xidian University’s Chasing the Sun project is developing a crown-shaped solar 31 
collector. Both would require remote assembly by robots in orbit, a still-nascent technology. 32 
The engineering behind such systems is “incredibly complex”, says Karen Jones, a space economist at the 33 
Aerospace Corporation in Arlington, Virginia. Caltech hopes to side-step this problem by flying its flexible panels 34 
in formation, without tethering them together, and using algorithms to correct for any fluctuations in position 35 
that affect power transmission. Whichever design is used, the components would need to be launched weekly, 36 
a rate that would be unprecedented, says Jovana Radulovic, a chemical engineer at the University of 37 
Portsmouth, UK. 38 
 39 
What kind of solar cells would be used? 40 
The solar cells need to be lightweight and efficient to keep launch costs down. Each kilogram of panel should 41 
produce 1–2 kilowatts of power, says David Homfray, a physicist who leads technical work at the UK’s public–42 
private Space Energy Initiative. That power-to-weight ratio is around 50 times greater than for conventional 43 
silicon cells on Earth. Most designs aim to boost the solar cells' exposure to sunlight using concentrators, mirrors 44 
and other innovative structures. 45 
The cells will also need to withstand intense radiation in space. Yet the robust solar photovoltaic materials used 46 
in many space probes are too expensive to deploy in a huge array, so researchers need to know how cheaper 47 
alternatives will perform, says Radulovic. 48 
To that end, an experiment on the Caltech prototype will trial 32 lightweight photovoltaic cells, including low-49 
cost perovskites. “The idea here is to kind of do a longevity test,” says Ali Hajimiri, who co-leads the Caltech 50 
project. 51 
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How will the solar power reach Earth? 52 
This is arguably the biggest challenge. Although laser beams transfer energy efficiently, clouds can block them. 53 
To avoid this problem, researchers hope to convert the solar arrays’ electricity into microwaves, which pass 54 
through the atmosphere without losing much energy. However, microwaves spread out as they travel, so 55 
engineers will need to carefully synchronize how the waves are emitted and use kilometres-wide receiving 56 
stations to collect them. 57 
Converting solar energy into electricity, then into microwaves, and back into electricity on the ground, will 58 
inevitably incur some losses. “Nobody’s going to consider this idea seriously until those losses are significantly 59 
reduced,” says Radulovic. ESA estimates that only 10–15% of the solar power falling on a space array needs to 60 
be delivered to the electricity grid for a system to be economically viable. Yet achieving that would still require 61 
considerable advances in several energy-conversion technologies, the agency says. 62 
Last year, researchers at Xidian University used microwaves to transmit solar power over 55 metres in a small-63 
scale experiment on Earth. Using only conventional silicon cells, it achieved an overall efficiency of around 2.4%; 64 
the test marked the first time that the entire sequence had been demonstrated in a single system, says Xun Li, 65 
a researcher on the project. Caltech’s prototype will be the first space-based experiment to use microwaves to 66 
transmit and receive power, albeit across only 30 centimetres, adds Hajimiri. 67 
 68 
Will it all be worth the effort? 69 
Space agencies and nations think that space-based solar power might contribute to the goal of achieving net-70 
zero carbon emissions by 2050. But “we have to prove this is going to actually be a net gain for the planet”, says 71 
Jones. 72 
Space-based solar would certainly be much more expensive than terrestrial solar power. However, it could rival 73 
the costs of other sources of continuous low-carbon power, such as nuclear or gas with carbon-capture 74 
technology, says Carpenter — although more-economical ways of storing renewable electricity on the ground 75 
could diminish the case for a space array. 76 
Meanwhile, researchers at the University of Strathclyde, UK, have calculated that it would take less than six 77 
years for a space-based solar-power station to offset the greenhouse gases emitted by developing, building and 78 
installing the project. “It looks really, really competitive,” says Homfray. Still, Radulovic questions the reliability 79 
of such estimates, given the uncertainties about how these systems will be designed and deployed. 80 
 81 
Will it be safe? 82 
Beaming microwave energy from space is surprisingly safe. The beam’s frequency will be chosen so that it does 83 
not disrupt aircraft communication. And because its power would be spread over such a wide area, the average 84 
energy density received by ground stations would be around 50 watts per square metre, says Carpenter, 85 
equivalent to the harmless level of microwaves that can leak from a microwave oven. “It’s within what would 86 
be considered a normal safety recommendation for human exposure,” he says. 87 
But researchers will need to prove that there are no adverse effects on humans, animals or the wider 88 
environment. “I think they need to take the lead from the mobile-wireless industry that went through the same 89 
concerns, and to not trivialize these concerns, but prove it with studies,” says Jones. 90 
 91 
Fonte: doi: https://doi.org/10.1038/d41586-023-00279-892 
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NOME COMPLETO: _______________________________________________________ DATA:_______ 
 

1. According to this communication: 
a) A lens array is being built in space to focus light from the sun to solar panels on the ground. 
b) The first commercial power plant in space will start to be built this month by Caltech. 
c) Although feasible, the paper lists at least five concerns to be overcome. 
d) Solar panels would have to be built on the ground since power cables are needed. 
e) The size of the surface-based collectors will be same size as the units built in space. 

 
2. The closest meaning of “There’s nothing outlandish in this that would require new physics,” is: 

a) New physics will be needed to accomplish this task. 
b) Humanity’s current knowledge in physics is sufficient to accomplish this task. 
c) Physics from “out of earth” is still required to make this task possible. 
d) This task is possible only with worldwide research effort.  
e) Several answers are needed to make space-based solar power a reality. 

 
3. It is correct to say, according to the author (lines 22-37), that: 

a) The individual collector modules will be built in space and assembled by robots. 
b) The size of the structures in orbit are so big that it will take a decade to build. 
c) The strategy is to produce on earth panels the same size roughly of a table that will unfold in space. 
d) Amongst the various proposals for shape (helical, crown-shaped), the linear structure was chosen.  
e) The International Space Station will receive the astronauts necessary to build the structure. 

 
4. The kind of solar cells required for this application, according to the author, is: 

a) Power cells made of silicon with a power-to-weight ratio of 50.  
b) Conventional power cells 50 times larger in size. 
c) A conventional cell with an innovative surface capable of withstanding intense radiation.  
d) A new kind of cell with a low mass/volume ratio, low cost and highly efficient. 
e) A cell consisting with a complex array of mirrors. 

 
5. Regarding how the solar power reaches Earth, analyze the statements and check the correct option: 

I. Although laser beams are the best way to transfer energy from space to the surface of earth, 
clouds will block these beams. 

II. Microwaves can be used to transfer energy from space but since these waves spread out, the 
size of collectors would be so large that it would not be feasible.  

III. Calthech’s prototype proved that 10–15% of the solar power generated in space reaches the 
surface.  

a) Only I is True. 
b) Only I and II are True. 
c) Only II and III are True. 
d) Only III is True.  
e) All affirmatives are True. 

 
6. Last year, researchers at Xidian University made an experiment that is different from Caltech’s 

experiment because: 
a) Xidian University used microwaves to transmit solar power. 
b) Caltech’s prototype will be tested in space using more than 30 different types of solar cells.  
c) Overall efficiency of the Xidian University experiment has a lower efficiency than Caltech’s.  
d) Caltech’s experiment will be the first to transmit microwaves from orbit to Earth. 

 
7. Will it all be worth the effort? According to the text: 

a) James Carpenter, who co-leads the Solaris initiative, thinks it may be viable if no cheaper way of 
storing renewable electricity is invented. 

b) Space agencies are confident that net-zero carbon emissions will be achieved with this technology. 
c) According to researchers at the University of Strathclyde worldwide net-zero emissions will take 

less than six years to achieve with space-based solar-power stations. 
d) Between Space Agencies, leaders of the Solaris initiative and researchers from University of 

Strathclyde, Space Agencies are the most confident that this project will work.  
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8. The author states that, regarding the safety of the initiative: 
a) mobile-wireless industry has already proven with studies that this technology is safe. 
b) The average energy density on the ground is comparable to inside a microwave oven. 
c) Beam frequency could put people flying in airplanes at risk. 
d) It is expected to be safe, but more research will be necessary to prove that no harm will come to 

human or wildlife. 
 

9. Mark True or False (T/F) if the following statements are in accordance to the text.  
(    ) One of the main advantages of this project is the continuous supply of electricity from the sun.  

 (    ) The lower costs of launching spacecrafts to space is crucial to the success of this project. 
 (    ) The energy produced in space will have to be converted to x-rays to be efficiently transferred to 
the surface. 
 (    ) China will be most likely be the first to construct a large-scale giga-watt power station in space.  

(    ) The assembly of the power-station will need to be remotely automated. 
VVFVV 
 

10. According to the author, how probable is that space-based power will became a reality? 
a) Highly improbable because the issues needed to be overcame require physics not yet available. 
b) Improbable, because costs are too high.   
c) Possible, with various countries working together to overcome various difficulties.  
d) Totally possible, with all technological difficulties already addressed and only 5 minor issues 

remain. 
 

 
 
 


