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 1. Introduction

In 2009, an otherwise mundane notice by the California Public Utilities Commission 

(CUPC) gained a great deal of media attention.1 In that announcement, the CPUC announced 

its approval of a proposed agreement for Pacific Gas & Electric (PG&E) to begin purchasing 

energy from a start-up, Solaren Corp., to commence in 2016.2 The proposed agreement called 

for Solaren to deliver 1,700 gigawatt hours (GWh) of electricity, about enough to power 

150,000 homes, per year to PG&E over 15 years, at rates similar to traditional sources of 

renewable energy generated in California.3 This 1,700 GWh, however, would come from a 

novel, unlikely, and futuristic source power plant: one that would collect solar energy using 

technology similar to what is currently used on Earth, but that energy would be collected well 

beyond the Earth's atmosphere and subsequently “beamed”, using wireless power 

transmission technology, back to Earth for terrestrial use.4 

The Solaren/PG&E announcement represents a wave of new space initiatives from an 

unlikely source: the private sector.5 While the private sector has been long-involved in space 

with communications satellites, the largest and most expensive, speculative, ambitious, and 

innovative projects are the long-time domain of governments. Up until this point in the history 

of space development, governments were the only entities that had the money, interest, and 

technical ability to take the risk associated with the unproven, cutting-edge application of 

theoretical knowledge necessary for large projects in space. As governments cut back on 

funding for space utilization, however, the private sector has picked up.6 The private sector 

1 Hamilton, Tyler J. Mad like Tesla: Underdog Inventors and Their Relentless Pursuit of Clean Energy. 
Toronto: ECW, 2011. Print. p. 60. For a summary of the CPUC's announcement, see: Public Utilities 
Commmission of the State of California. "Energy Division Resolution E-4286."E-4286 1st Rev. Draft 
Redacted Agenda Resolution. CPUC, 3 Dec. 2009. Web. 22 Oct. 2012. 
<http://docs.cpuc.ca.gov/PUBLISHED/AGENDA_RESOLUTION/110216.htm>. 

2 Sweet, Cassandra. "PG&E Looks to Outer Space for Solar Power." Marketwatch. The Wall Street Journal, 13 
Apr. 2009. Web. 22 Oct. 2012. <http://www.marketwatch.com/story/pge-looks-outer-space-solar>. 

3 Solaren would deliver 850 GWh in 2016 and 1,700 GWh of electricity thereafter. See: Id. and Cowing, Keith. 
"CPUC Takes Another Step Toward State's Renewable Energy Goal With Approval of PG&E 
Contract." SpaceRef.com. SpaceRef Interactive Inc., 4 Dec. 2009. Web. 22 Oct. 2012. 
<http://www.spaceref.com/news/viewpr.html?pid=29754>. 

4 Bullis, Kevin. "Startup to Beam Power from Space - Technology Review." Technology Review. Massachusetts 
Institute of Technology, 15 Apr. 2009. Web. 22 Oct. 2012. 
<http://www.technologyreview.com/view/413029/startup-to-beam-power-from-space/>. 

5 Commonly referred to as “NewSpace”. See: Faust, Jeff. "Current Issues in NewSpace." Thespacereview.com. 
The Space Review, 5 Mar. 2007. Web. 22 Oct. 2012. <http://www.thespacereview.com/article/823/1>. 

6 Moskowitz, Clara. "Private Space Taxi Builders on Track to Launch Astronauts Soon."Msnbc.com. Msnbc 
Digital Network, 19 Oct. 2012. Web. 22 Oct. 2012. 
<http://www.msnbc.msn.com/id/49479306/ns/technology_and_science-space/>. 
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organization receiving the most press over recent years is SpaceX, the private California 

company that has developed rockets and capsules with the capability of spaceflight without 

direct government involvement.7 SpaceX has contracted to resupply the International Space 

Station (ISS), and successfully did so, for the first time, on May 31, 20128 and again on 

October 8, 2012.9 Other private space contractors to deliver to the ISS are Sierra Nevada 

Corporation, Orbital Sciences, and Boeing.10 Another example gaining a high level of media 

attention is Planetary Resources, a Washington State company, which hopes to mine passing 

asteroids for rare metals and other valuable raw materials in the future.11

This shift from wholly-governmental to public-private partnership in the space 

industry reflects decreasing funding of governmental space efforts, as well as a belief that 

private, profit-seeking market participants can provide the same services at a lower cost than 

governments, and also that humanity's efforts in space should focus more on practical 

considerations, like the development of energy or natural resources, than activities purely for 

the sake of exploration, state prestige, military, and non-practical scientific study.12

The question raised by these new opportunities in space revolve not around whether 

they will be technically achievable at some point in the future, but when and how will we 

achieve them? Instead, since it is the nature of technological development to solve latent 

technical problems, we ask: When will technology and markets make these new uses of space 

economically viable for the new private space industry? 

An important question to those in the private market launching and financing these 

new uses of space is: Is the current space law regime up to the task of mitigating the wide 

variety of risk that comes with the implementation of new and speculative technologies, 

especially when that new technology is worth billions of dollars, has not been proven, 

7 Governments, of course, play an indirect role by providing demand for the services offered by NewSpace 
firms, without which financing and interest for NewSpace projects would likely not exist.

8 CNN. "Dragon Returns to Earth after 'grand Slam' Space Mission - CNN.com." CNN. Cable News Network, 
31 May 2012. Web. 22 Oct. 2012. <http://edition.cnn.com/2012/05/31/us/spacex/index.html>. 

9 CNN 2. "SpaceX Dragon Berthed at ISS - CNN.com." CNN. Cable News Network, 11 Oct. 2012. Web. 22 
Oct. 2012. <http://edition.cnn.com/2012/10/10/us/spacex-mission/index.html>. 

10 Moskowitz. and CNN 2.
11 Potter, Ned. "Mining Asteroids: The Real Story From Planetary Resources, Inc." ABC News. ABC News 

Network, 24 Apr. 2012. Web. 22 Oct. 2012. <http://abcnews.go.com/Technology/mining-asteroids-real-story-
planetary-resources-space-startup/story?id=16197612>. 

12 As an example of the public's perception of the practical value of the United States' space program since the 
end of the moom missions, the famous quote from a 1994 The Simpsons episode after Homer botches a 
shuttle mission and Buzz Aldrin responds: “You fool! Now we may never know if ants can be trained to sort 
tiny screws in space.” See Lamb, Robert. "Butterflies Depart for Orbit on Monday." Discovery News. 
Discovery Communications LLC, 13 Nov. 2009. Web. 22 Oct. 2012. 
<http://news.discovery.com/space/butterflies-depart-for-orbit-on-monday.html>. 
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represents a revolutionary step in how humanity generates energy, and is so technically-

complex it would represent a great milestone in the development of humanity scientific and 

engineering capabilities? The current international space law, developed in the 1960's and 

1970's in the context of the Cold War space race, is considered by many as not adequately 

anticipating the current commercialization of space and therefore an inhibitor to 

development.13

The intent of this paper is to analyze the current state of space law while offering 

recommendations for improvement, be a starting point for further research, and to provide a 

resource for legal practitioners and business people hoping to learn about risk and legal 

requirements in space-based energy sources.

 1.1 Increased Global Energy Requirements

 1.1.1 Generally

It is assumed that in order for global development to continue as it has previously, 

access to ever increasing amounts of energy will be required. Whether one believes humanity 

plays a role in global climate change or not, that climate change presents significant risk for 

modern society. In addition, it is undeniable that meeting energy needs by burning fossil fuels 

harms the environment and therefore presents problems for biological life on Earth, regardless 

of how “clean” the energy derived from those fossil fuels may be.

Fortunately, recent decades have seen great leaps forward in how humanity generates 

the energy it needs to continue growth. The development of nuclear weapons resulted in 

nearly emissions-free nuclear energy plants. Energy from renewable sources like wind, water, 

and solar has been promoted, invested in, and developed heavily since the 1970's. Despite 

these efforts, fossil fuels remain the chief source of energy in most developed states and in 

addition, new fossil fuel-burning power plants, mostly natural gas, but also oil, are still being 

constructed around the world.14 New coal plants are especially popular in quickly-developing 

countries like China and India.15 

13 Lee, Ricky J. Law and Regulation of Commercial Mining of Minerals in Outer Space. Dordrecht, The 
Netherlands: Springer, 2012. Print. Pg. 8.

14 McDermott, Mat. "1.4 Million Megawatts of Coal Power Plants Currently Being Developed Globally." 
TreeHugger.com. MNN HOLDINGS, LLC., 20 Nov. 2010. Web. 28 Nov. 2012. 
<http://www.treehugger.com/fossil-fuels/1-point-4-million-megawatts-coal-power-plants-currently-being-
developed-globally.html>. 

15 McDermott, Mat. "1.4 Million Megawatts of Coal Power Plants Currently Being Developed Globally." 
TreeHugger.com. MNN HOLDINGS, LLC., 20 Nov. 2010. Web. 28 Nov. 2012. 
<http://www.treehugger.com/fossil-fuels/1-point-4-million-megawatts-coal-power-plants-currently-being-
developed-globally.html>. 
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Unfortunately for humanity's use of emissions-free energy, occasional disasters 

involving nuclear plants have resulted in diminishing public support for both already-existing 

nuclear energy production and future nuclear development. In 1979, the Three Mile Island 

plant in Pennsylvania experienced a partial meltdown.16 Radioactive gas was vented into the 

atmosphere, although no deaths were officially attributed to the incident.17 The 1986 

Chernobyl incident in Soviet Ukraine, although officially killing only 31, spread large 

amounts of radiation throughout Europe.18 The most recent nuclear disaster was the 2011 

Fukushima disaster, which resulted in three reactor meltdowns and the release of radioactive 

material into the atmosphere and Pacific Ocean.19 The Fukushima disaster was important for 

the composition of global energy production because it led two large nuclear generators, Japan 

and Germany, to implement plans to phase out nuclear energy production in those countries 

over the coming decades.20 Turning off the switch on nuclear energy generally means 

increased use of fossil fuels, especially coal and oil, even if energy production from fossil 

fuels is objectively more dangerous to workers involved in that production and related 

emissions are more damaging to the environment than nuclear energy production.21

The implication of the combination of growing global energy demand, the decline in 

nuclear production, and the damage caused by fossil fuels is that in order to mitigate the risks 

associated with climate change and environmental pollution, renewable sources need to be 

developed and implemented.  

 1.1.2 Legal Initiatives

16 "Backgrounder on the Three Mile Island Accident." NRC.gov. United States Nuclear Regulatory Commission, 
Aug. 2009. Web. 28 Nov. 2012. <http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/3mile-
isle.html>. 

17 "Backgrounder on the Three Mile Island Accident." NRC.gov. United States Nuclear Regulatory Commission, 
Aug. 2009. Web. 28 Nov. 2012. <http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/3mile-
isle.html>. 

18 "Backgrounder on Chernobyl Nuclear Power Plant Accident." NRC.gov. United States Nuclear Regulatory 
Commission, Apr. 2010. Web. 28 Nov. 2012. <http://www.nrc.gov/reading-rm/doc-collections/fact-
sheets/chernobyl-bg.html>. 

19 See: "The Official Report of The Fukushima Nuclear Accident Independent Investigation Commission: 
Executive Summary." Fukushima Nuclear Accident Independent Investigation Commission. The National 
Diet of Japan, 2012. Web. 29 Nov. 2012. <http://warp.da.ndl.go.jp/info:ndljp/pid/3856371/naiic.go.jp/wp-
content/uploads/2012/09/NAIIC_report_lo_res10.pdf>. 

20 Inajima, Tsuyoshi, Takashi Hirokawa, and Yuji Okada. "Japan Draws Curtain on Nuclear Energy Following 
Germany." Bloomberg.com. Bloomberg L.P., 14 Sept. 2012. Web. 29 Nov. 2012. 
<http://www.bloomberg.com/news/2012-09-14/japan-draws-curtain-on-nuclear-energy-following-
germany.html>. 

21 Deaths related to the mining of fossil fuels easily exceed the deaths related to nuclear accidents. For instance, 
several dozen coal miners are killed in the United States every year; in China, the number is several thousand 
per year. See: Warner, Frank. "U.S. Coal Mining Deaths: 1990-2011." Frankwarner.com. N.p., 03 Jan. 2006. 
Web. 29 Nov. 2012. <http://frankwarner.typepad.com/free_frank_warner/2006/01/us_coal_mining_.html>. 
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To close the gap between the potential for renewable energy production, the decline in 

nuclear production, and the reality of current global energy production, governments have 

employed various tools to encourage or require renewable development. The two most 

common tools used by governments are subsidies and taxes. Using these tools, governments 

subsidize research and development, occupational training, financing, construction, and 

distribution of renewable energy. Governments also use incentives to encourage renewable 

use or tax disincentives to discourage non-renewable use.22 These tools can be said to be 

indirect legal initiatives because they attempt to create incentives and disincentives to affect 

behavior within the framework of the free-market. 

The most important tool used by governments for the purpose of this paper is passing 

legislation requiring public utilities to generate, purchase, or supply a minimum amount of 

renewable energy. This is binding law that leaves utilities or governments no choice but to 

comply with the decreed standard or face penalties and are direct requirements. Depending on 

the applicable penalties, direct initiatives should be more effective at creating renewable 

development since utilities or states cannot simply “choose” to ignore incentives to the 

detriment of renewable development because the penalties associated with non-compliance 

may be more substantial, and even criminal. These are referred to as “portfolio standards”. 

Because of space-based solar's great potential to someday close large gaps between renewable 

energy generated on Earth and the applicable portfolio standards, these portfolio standards 

may play a large role in encouraging development of space-based solar and other renewables. 

In the case of Solaren and PG&E, the applicable portfolio standard currently requires 

33% of California's energy demands to be met by “eligible” renewable sources by 2020.23 The 

33% standard was a 2011 improvement over previous portfolio standards that only required 

20% energy from renewables by 2017, and later by 2010, which was achieved by 2011.24 

Failure to follow the portfolio standards in California is a crime.25 

Of course portfolio standards are not unique to California, they also exists at the 

international level in the context of the European Union. Directive 2009/28/EC requires each 

22 Counter-intuitively, many states subsidize renewable energy at the same time they subsidize further non-
renewable development, usually as a concession to the employment provided by locally-sourced fossil fuel 
extraction and labor-intensive non-renewable energy production. 

23 CPUC. "California Renewables Portfolio Standard (RPS)." Cpuc.ca.gov. California Public Utilities 
Commission, n.d. Web. 11 Nov. 2012. <http://www.cpuc.ca.gov/PUC/energy/Renewables/index.htm>. 

24 CPUC. "RPS Program Overview." Cpuc.ca.gov. California Public Utilities Commission, n.d. Web. 11 Nov. 
2012. <http://www.cpuc.ca.gov/PUC/energy/Renewables/overview.htm>.

25 "California Senate Bill 1078." Leginfo.ca.gov. N.p., 12 Sept. 2002. Web. 29 Nov. 2012. 
<http://www.leginfo.ca.gov/pub/01-02/bill/sen/sb_1051-1100/sb_1078_bill_20020912_chaptered.html>. 
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EU state to incorporate a certain amount of renewable energy in their total energy 

consumption based on a variety of factors.26 EU states with greater renewable potential, like 

Sweden, are required to achieve a higher percentage than other states with less renewable 

potential, although the 2020 requirements represent an approximate 10% increase over 2005 

renewable levels in almost all cases. The overall goal is to derive at least 20% of the EU's 

energy from renewable sources by 2020, averaged across the EU.27 Unlike in California, but 

common in international and EU law, penalties for non-compliance are benign and monetary 

sanctions against non-complying states were not included in the directive. 

 1.2 Paper Structure

In order to fully understand the potential legal issues involved with future space-based 

energy systems, which neither those familiar with space law nor those familiar with energy 

law may possess a good understanding of, the substantive portion of this paper starts with an 

overview of the technical history and background of those systems. All of these systems 

possess a degree of novelty and varying degrees of immediate feasibility based on current 

technology, however a general understanding is necessary in all cases in order to identify the 

potential legal issues associated with each systems and its component systems. The paper then 

moves to a discussion financing and securitization. The final part of the paper discusses the 

international legal aspects of space-based energy sources, including: the general framework 

for international space law; the rules governing orbital slots; possible collisions with natural 

and man-made space objects; and international tort liability in the context of transmission 

accidents.

26 "DIRECTIVE 2009/28/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23  April 
2009 on the Promotion of the Use of Energy from Renewable Sources and Amending and Subsequently 
Repealing Directives 2001/77/EC And 2003/30/EC." Official Journal of the European Union. N.p., 23 Apr. 
2009. Web. 29 Nov. 2012. <http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?
uri=Oj:L:2009:140:0016:0062:en:PDF>. 

27 Id. at Annex I.
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 2. Technical History and Description

Because of the novelty and complexity of space-based solar energy, it is necessary to 

understand some of the basic technical characteristics in order to appreciate the associated 

legal risks and how current law should be improved to encourage development. 

 2.1 Past Development

The first mention of the modern conception of space-based solar power systems is 

attributed to Isaac Asimov in his 1941 story “Reason”. In that story, humans and robots 

worked on a space station dedicated to directing energy gathered from the sun, in space, to 

humans inhabiting the solar system's planets using microwave beams.28 Asimov's vision of 

future space-based energy is rather close to the technology subsequently subjected to serious 

scientific development at the end of the 1960's.29 Based on this preliminary and subsequent 

research, a study was funded by the United States government between 1976-1980 which 

determined that space-based solar energy has legitimate scientific merit and should be 

considered a future possibility, but that the costs were too high and the necessary technology 

was not yet advanced enough.30 The topic was revisited by NASA in 1997, which determined 

more research should be conducted and that technology had reduced costs significantly 

compared to the earlier studies, but declining funding at NASA effectively halted further 

study.31 

Seeing potential after the NASA study concluded, the United States Military's National 

Security Space Office picked up research in 2007.32 In addition to a general assessment on the 

general global energy market, the NSSO's work focused on a new application of space-based 

energy: for military use in forward operating positions.33 Despite the positive results of the 

28 Asimov, Isaac. I, Robot. New York: Bantam, 2004. Print. 
29 The concept was brought to light by an American, Dr. Peter Glaser, in 1968. See Fukumuro, Yasuyuki. 

"Yasuyuki Fukumuro, Practical Application of Space-Based Solar Power Generation." Jaxa.jp. Japan 
Aerospace Exploration Agency, n.d. Web. 12 Nov. 2012. 
<http://www.jaxa.jp/article/interview/vol53/index_e.html>. 

30 Betancourt, Kiantar. "Online Journal of Space Communication." Spacejournal.ohio.edu. Online Journal of 
Space Communication, Winter 2010. Web. 29 Nov. 2012. 
<http://spacejournal.ohio.edu/issue16/betancourt.html>. 

31 Id.
32 Id.
33 Rouge, Joseph. "Space Based Solar Power As an Opportunity for Strategic Security Phase: Phase 0 ‐

Architecture Feasibility Study." Nss.org. National Security Space Office, 10 Oct. 2007. Web. 12 Nov. 2012. 
<http://www.nss.org/settlement/ssp/library/final-sbsp-interim-assessment-release-01.pdf>. 
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NSSO study, no development funding was allocated by the U.S. government.34

 2.2 Technical Description

In the most likely scenario, a space-based solar energy satellite would use either 

photovoltaic cells modified for use in space or some type of solar heat engine to collect solar 

energy.35 Due to high launch costs, those photovoltaic panels currently used on Earth would be 

modified to be as small and lightweight as possible. An array of solar panels or reflecting 

material concentrated on a heat engine would be large, fortunately space is large and while 

orbital slots may be an a premium, satellites at geosynchronous orbit can be built larger 

without crowding out other satellites. The only disadvantage of size in space is vulnerability 

to passing space debris, either natural or artificial. 

There are two possibilities for transmitting the collected energy back to Earth: 

microwaves and lasers. A microwave beam would utilize a large receiver on the Earth's 

surface, referred to as a “rectenna” (short for “rectifying antenna”). Such a rectenna would 

consist of a mesh array of metal wire covering a few square kilometers of ground surface that 

would allow approximately 90% of the ambient sunlight to pass through. The microwaves 

would be safe for passing animals, airplanes, and humans, therefore the land could be used for 

other purposes while being used to receive energy from space, especially agricultural. Within 

the rectenna area, the beam may contain up to one-fourth of the energy typically encountered 

in direct sunlight hitting the Earth, so spending a prolonged period within the rectenna area 

would likely be unpleasantly warm for a human. 

The alternative transmission method is utilizing lasers. Current research favors 

microwave transmission over lasers for a few reasons. First, the risk of damage resulting from 

a misfire with microwaves is far less than lasers. Second, lasers are susceptible to 

transmission interruption by atmospheric conditions like clouds and rain, while microwaves 

are largely not. Third, a laser has the potential, or is at least perceived to have the potential, to 

be used as a weapon, which may strain international relations if the building state is a major 

military power. However, laser transmission has advantages in certain contexts, like those 

discussed below, including transmitting energy to a different celestial body besides the Earth, 

like the Moon, and the potential to power spacecraft, both inside and outside the Earth's 

atmosphere, with space-based energy, possibly reducing the need for large and expensive 

34 Betancourt.
35 Most technical information in this paper is taken from: Murphy, Thomas. "Space-Based Solar Power." Do 

The Math. University of California - San Diego, 20 Mar. 2012. Web. 29 Nov. 2012. 
<http://physics.ucsd.edu/do-the-math/2012/03/space-based-solar-power/>. 
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rockets. 

The major advantage of space-based solar over Earth-based solar is its ability to 

provide needed “base load” power. Base load power is the minimum amount of energy 

required to meet energy needs at a given time of day and year. While base load energy need is 

greater during the daytime, when Earth-based panels would be collecting a relatively large 

amount of energy, Earth-based solar panels collect no energy at night and therefore cannot 

contribute to meeting nighttime base load needs. With the downfall of nuclear power, fossil 

fuel plants are and will be used to make up for the unreliability of renewable sources like wind 

and solar to meet base load requirements. A satellite in a geosynchronous orbit is exposed to 

virtually non-stop sunlight, while a solar panel located on Earth collects solar energy subject 

to the Earth's weather; clouds and other weather significantly reduces energy collection. Even 

in geographic areas with little sun-blocking weather, nighttime is rather unavoidable and those 

solar plants not located near the equator will have large seasonal variations in their ability to 

collect energy. In addition, with no atmosphere in space, a solar panel in Earth's orbit is 

exposed to sunlight several times the strength of a panel in direct sunlight on the Earth's 

surface, allowing space-based solar to be even more efficient compared to Earth-based solar. 

The total potential of solar energy collected in space is, for humanity's purposes, virtually 

unlimited. Once humanity is successful in implementing space-based solar energy, it could be 

scaled up indefinitely until humanity hits a point where it needs a level of energy millions of 

times greater than currently needed.

Another major advantage of space-based energy is that the energy from a satellite 

could be sent anywhere on Earth where a rectenna could be built, which could also be 

offshore. This is an advantage over other renewable energies, including Earth-based solar, 

because although the variety of current renewable technology allows placement in many 

global locations, even a single renewable technology may not always be viable in a given 

location. In addition, the location of the world's great renewable resources does not 

correspond exactly to the large population centers where energy is consumed. For instance, 

near-equatorial desert regions like the Sahara in Africa and the Middle East are ideal for solar 

power, but located away from major energy-consuming populations in Europe and are also 

subject to competition with energy produced with cheap local fossil fuels. 

The ability to provide energy to distant locations lacking traditional and expensive 

power production or transmission infrastructure is also of significant interest for the military, 
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as stated by the aforementioned NSSO study conducted in the 2000's. Traditionally, providing 

energy in those locations, often rural, lacking infrastructure, and of course, in war zones, is 

expensive in several respects. Beyond the purely monetary cost of transporting energy to those 

positions, the human cost of protecting large convoys carrying fuel is high and physical access 

for energy supply means making deals with neighboring states for necessary border access 

and staging which may be otherwise counter to adopted foreign policy.36 Space-based energy 

could beam energy directly to operating bases, and even individual vehicles, making terrestrial 

energy supply unnecessary. The implication is space-based energy offers important strategic 

potential for military applications that goes beyond mere monetary costs.37 In addition to those 

considerations, the price paid by the military in forward operating areas is at least ten times 

higher than what one would pay in the private sector and therefore, the price the military 

could tolerate is much higher than the private sector, perhaps making preliminary space-based 

energy development economically feasible compared to solely private sector demand and 

price levels.38

 2.3 Current Study

At the time of writing, active development of space-based energy was being carried 

out seriously in only two places: the private sector in the United States and public/private 

development by the Japanese national space agency: the Japan Aerospace Exploration Agency 

(JAXA). In the United States, private sector development occurs at places like the 

aforementioned Solaren and additionally: Heliosat39, Powersat40, Space Energy41, and Space 

Island Group42. JAXA's development receives technical and financial support from Japanese 

private industrial firms like Mitsubishi Heavy Industries.43

36 Such support may mean making direct payments or other valuable concessions to non-ally or unfriendly 
regimes that NATO, the United States, or the United Nations would not otherwise support but for resupply 
efforts in a neighboring region. These situations are obviously not ideal. 

37 Wood, Leet. Projecting power: The security implications of space-based solar power. Bulletin of the Atomic 
Scientists. January/February 2012. 68: 70-78 

38 "Space-Based Solar Power As an Opportunity for Strategic Security." National Security Space Office, 10 Oct. 
2007. Web. 29 Nov. 2012. <http://www.nss.org/settlement/ssp/library/nsso.htm>. 

39 Masia, Seth. "Very Small Steps for Mankind." Solar Today. American Solar Energy Society Inc., Mar. 2009. 
Web. 12 Nov. 2012. <http://www.solartoday-digital.org/solartoday/200903/?pg=18>. 

40 "PowerSat Space Solar Power." Powersat.com. PowerSat Corporation, n.d. Web. 12 Nov. 2012. 
<http://www.powersat.com/index.html>. 

41 "Space Energy: A Space Based Solar Power Compay SBSP." Spaceenergy.com. Space Energy Inc., n.d. Web. 
12 Nov. 2012. <http://www.spaceenergy.com/>. 

42 Space Island's goal to launch a prototype satellite in 2009 and an operational 1 GW satellite in 2010 did not 
happen. "Space Island Group Homepage." Spaceislandgroup.com. Space Island Group, n.d. Web. 12 Nov. 
2012. <http://www.spaceislandgroup.com/home.html>. 

43 Sato, Shigeru, and Yuji Okada. "Mitsubishi, IHI to Join $21 Bln Space Solar Project (Update1)." 
Bloomberg.com. Bloomberg L.P., 31 Aug. 2009. Web. 12 Nov. 2012. 
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The development currently being carried out by JAXA is less ambitious, but perhaps 

more realistic than Solaren's efforts. JAXA hopes to launch a prototype by 2015 of a mere few 

kilowatts, and a one gigawatt or larger operating plant by the 2030s.44 This contrasts with the 

PG&E/Solaren agreement to operate, and sell power from, a fully-functional space-based 

solar plant in 2016.45 The full extent of current study is difficult to determine because after the 

great deal of media attention attracted to space-based energy around the 2009 announcement 

of the PG&E/Solaren deal, little has been written in the media about either Solaren's or 

JAXA's progress. According to a 2011 interview, Solaren claims to be on track to achieve its 

2016 launch goal.46 

 2.4 The Future of Space-Based Power, Generally

All of the technology, business strategy, and law developed for the specific application 

of space-based solar energy will find applications in the future of space exploration and 

development. These tools, created to accommodate and help achieve space-based energy 

development, especially the legal side, should be developed considering these future 

possibilities. This helps reduce risk by being able to better predict treatment of new 

technology based on the practices used for prior technology. Novel applications of technology 

developed specifically for space-based solar reduces the risk associated with capital 

investment in technology development in the case space-based solar is not technically or 

economically viable. 

Space-based power is not limited to collecting solar energy with photovoltaic panels as 

it is collected on Earth. Another solar-power technology uses thousands of square kilometers 

of wire to collect and funnel electrons carried by the solar wind, creating an electric current 

that could be transmitted to Earth or somewhere else.47 Long-term prospects for space-based 

solar energy include this technology, possibly located very near to the Sun (a Dyson sphere), 

<http://www.bloomberg.com/apps/news?pid=newsarchive>. 
44 Sato, Shigeru, and Yuji Okada. "Mitsubishi, IHI to Join $21 Bln Space Solar Project (Update1)." 

Bloomberg.com. Bloomberg L.P., 31 Aug. 2009. Web. 12 Nov. 2012. 
<http://www.bloomberg.com/apps/news?pid=newsarchive>. 

45 California Public Utilities Commission. "CPUC Takes Another Step Toward State's Renewable Energy Goal 
With Approval of PG&E Contract." SpaceRef.com. SpaceRef Interactive Inc., 04 Dec. 2009. Web. 12 Nov. 
2012. <http://www.spaceref.com/news/viewpr.html?pid=29754>. 

46 Leatherwood, GB. "Space-based Solar Power by 2016?" Spacefuture.com. Space Future Consulting, 22 May 
2011. Web. 13 Nov. 2012. <http://www.spacefuture.com/journal/journal.cgi?
art=2011.05.22.solaren_plans_SSP_by_2016>. 

47 Harrop, B.L., and D. Schulze-Makuch. "The Detection of a Dyson-Harrop Satellite: A Technologically 
Feasible Astroengineering Project and Alternative to the Traditional Dyson Sphere." Astrobiolog Science 
Conference 2010. N.p., 2010. Web. 12 Nov. 2012. 
<http://www.lpi.usra.edu/meetings/abscicon2010/pdf/5469.pdf>. 
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as fossil fuels and other non-renewable energy sources are depleted. If energy use continues to 

increase as it has in the recent past48, even with greater adoption of renewable sources on the 

Earth, humanity may need to leave Earth to find most of its energy. Therefore large scale 

space-based solar power technology will need to be implemented in as little as a few hundred 

years.49 

In addition to further development of energy collection based on purely solar energy, 

more traditional power sources may find new life and applications in space based on 

technology developed in connection with space-based solar. For instance, the relative isolation 

from human populations makes space a possible home for nuclear plants.50 Nuclear plants in 

Earth orbit, although still too close for comfort for some, or those located on the Moon or 

other terrestrial bodies, could use the same microwave or laser transmission technology 

developed for use with space-based solar. That transmission technology is, in fact, source 

agnostic, and could be used to transmit power derived from any source to almost any location, 

either located terrestrially or in space. The same technology could be used to transmit energy 

between two points on Earth without using traditional transmission infrastructure. 

Spacecraft powered by lasers originating from space-based energy plants is an 

important future use of space-based energy. Lasers could be used to help launch spacecraft off 

the Earth, especially from lower orbits to higher orbits. Lasers from solar satellites could also 

power stations or settlements located in space or on other celestial bodies. Exploration 

spacecraft could be powered with lasers, either directly or using solar sails and beam 

propulsion. 

 2.5 Current Technical Challenges and Solutions

The most important roadblock to successful implementation of space-based energy 

sources is the current high cost of launching anything into space, especially the 

geosynchronous orbit where solar satellites would need to be deployed to provide near 24-

hour base load energy. Since current launch vehicles are essentially thrown away after every 

use, costs are high. Despite this, prices are falling from previous levels, which were as high as 

$20,000 per kilogram, and are now closer to $4,000 per kilogram using the SpaceX Falcon 9 

48 Fueled by cheap energy, it seems unlikely energy use will increase as it has recently because energy prices 
will rise, which will either stunt development or spur energy conservation. 

49 Andersen, Ross. "The Best Way to Find Aliens: Look for Their Solar Power Plants." The Atlantic. The 
Atlantic Monthly Group, 04 Oct. 2012. Web. 12 Nov. 2012. 
<http://www.theatlantic.com/technology/archive/2012/10/the-best-way-to-find-aliens-look-for-their-solar-
power-plants/263217/>. 

50 Although placing nuclear plants in orbit or on the Moon may be unnecessary if the space-based solar is 
proven. 
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rockets, and that may fall for $1,000 per kilogram with the SpaceX Falcon Heavy rockets.51 

The introduction of reusable launch vehicles (RLVs) like space planes, or mass driver cargo 

delivery systems promise to reduce delivery costs to a small fraction of current prices.52 It is 

estimated that launch costs need to be about $100 per kilogram in order for space-based solar 

to provide prices similar to that provided by coal.53 This seems like an unachievable price 

reduction, but as mentioned before, we are entering a period of rapid development and 

innovation in the space sector, which will certainly mean highly reduced launch costs and 

other developments, like in-space mining and manufacturing, which could partly eliminate the 

need to launch anything from Earth if materials can be gathered and assembled off Earth.54 

Allocating capital to space-based solar in order to achieve meaningful development of 

renewable energy resources is also controversial. Critics argue that because the costs are 

currently high and the technology is, while theoretically possible, unproven, any resources 

dedicated to developing space-based energy would be better allocated developing less-

speculative renewable energy sources on Earth.55 It is true that the tens or hundreds of billions 

of dollars that will be spent on space-based solar development by the time the first working 

plant will be orbiting and sending energy to the Earth could build a great many terrestrial solar 

plants or other renewable energy infrastructure instead.56 However, developing new 

technology is necessary, even if speculative, especially when the long-term potential is so 

great. Humanity will learn nothing about space-based energy if it does not take some risk and 

allocate resources away from the known to the unknown. 

Along the same line, the aforementioned legislative initiatives requiring the adoption 

of renewable energy sources do not necessarily give credit to expensive, good-faith57 

51 Costs for launching with the Falcon Heavy could fall further depending on how much capacity is purchased 
in advance and how often SpaceX is able to launch. See Henson, Keith. "Space Solar Power A Recent ��
Conceptual Progress." Theoildrum.com. The Oil Drum, 03 June 2011. Web. 12 Nov. 2012. 
<http://www.theoildrum.com/node/7898>. 

52 The Startram project, an electric mass driver, believes it could reduce costs to as little as $40 per kilogram. 
See: "The Startram Project." Startram.com. N.p., n.d. Web. 12 Nov. 2012. <http://www.startram.com/home>. 

53 Henson, Keith. "Space Solar Power A Recent Conceptual Progress." �� Theoildrum.com. The Oil Drum, 03 June 
2011. Web. 12 Nov. 2012. <http://www.theoildrum.com/node/7898>. 

54 Preble, Darel. "Space Solar Power: Star Player on the Bench." Theoildrum.com. The Oil Drum, 19 Apr. 2009. 
Web. 12 Nov. 2012. <http://www.theoildrum.com/node/5306>. 

55 Murphy, Thomas. "Space-Based Solar Power." Do The Math. University of California - San Diego, 20 Mar. 
2012. Web. 29 Nov. 2012. <http://physics.ucsd.edu/do-the-math/2012/03/space-based-solar-power/>. 

56 Masia, Seth. "Very Small Steps for Mankind." Solar Today. American Solar Energy Society Inc., Mar. 2009. 
Web. 12 Nov. 2012. <http://www.solartoday-digital.org/solartoday/200903/?pg=18>. 

57 This policy, rightly, seems to be adopted by jurisdictions to avoid a utility making agreements or announcing 
new renewable initiatives that it never develops seriously, in order to receive good publicity or comply with 
portfolio requirements. Although ambiguous and difficult to define legally, governments should set guidelines 
for distinguishing good- from bad-faith investment. 

15/36



investment in less-immediate, but higher-potential technologies like space-based solar. 

Instead, adoption of renewable energy is credited only as it comes online, and therefore an 

incentive is created to quickly develop known, lower-potential technologies like terrestrial 

solar at the expense of future technologies. In light of climate problems and the risk caused by 

dependence on fossil fuels, it is certainly important to fully develop proven renewable 

technology as quickly as possible, but investment in the next generation of higher-potential 

power sources should be recognized and encouraged. Space-based solar has such great 

potential that even if current investment is considered merely speculative by governments, 

good-faith investments will provide valuable innovation and build knowledge. Jurisdictions 

with portfolio standards should consider recognizing good-faith investments in development 

of technologies like space-based solar as to not discourage exploration of riskier, more 

speculative technology. 

It is important to remember that despite the current technological and cost challenges, 

costs will fall and technology will develop simultaneously. There are no major known 

technical challenges that would prevent space-based energy from working in the way 

currently contemplated. Further development is a matter of making the investment, building 

prototypes, and testing the technology. Even if allocating capital to space-based energy 

development is, in the short-term, a worse value than allocating that capital to Earth-based 

solar, space-based solar represents such huge potential for humanity's current and future 

energy needs, development is warranted. Small changes in technology that may develop 

between today and when the technology will develop should not change the legal analysis 

presented below. 
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 3. Space-Based Solar Satellite Systems as Collateral

Capital is necessary for any infrastructure development, especially the type as large 

and expensive as space-based energy sources. This capital is generally borrowed, and lenders 

need property interests or rights in something valuable in order to reduce the risk associated 

with the borrower defaulting on its loan obligations. Capital is borrowed as either project-

based or asset-based; project-based financing gives a creditor the right to revenue streams 

from the project, while asset-based financing gives the creditor the right to repossess the asset 

and sell it onward. Thus, lenders take interests in some part of the project itself, and perhaps 

other assets like loan guarantees and insurance against certain risks like expropriation or 

reductions in the price of energy. Therefore, it is important to understand how and what parts 

of a space-based energy satellite system could be used as collateral. Since there are two major 

components of the space-based energy satellite, the terrestrial rectenna and the actual satellite 

in space, either could be used as collateral. The rectenna itself is a physical thing located on a 

piece of real property, and therefore would presumably be subject to the same law related to 

the collateralization of any other real property or fixture. 

 3.1.1 UNIDROIT Space Protocol

In 2001, the International Institute for the Unification of Private Law (UNIDROIT) 

presented the Convention on International Interests in Mobile Equipment in Cape Town, 

South Africa.58 This Convention, known as the Cape Town Convention, seeks to provide 

uniform rules to ease the financing of assets that frequently cross international borders and 

58 For information related to the Cape Town Convention and Aircraft Protocol, see: "Diplomatic Conference to 
Adopt a Mobile Equipment Convention and an Aircraft Protocol Capte Town, South Africa." Diplomatic 
Conference (Cape Town, 2001) - Main Page. UNIDROIT, 16 Nov. 2001. Web. 29 Nov. 2012. 
<http://www.unidroit.org/english/conventions/mobile-equipment/conference2001/main.htm>. 
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therefore make registration of security interests, control, and repossession of those assets 

difficult under traditional national legal regimes. The “Protocol to the Convention on 

International Interests in Mobile Equipment on matters specific to aircraft equipment”, or 

Aircraft Protocol, was adopted and ratified with the Cape Town Convention and deals with the 

registration of airplanes and helicopters over a certain size, and those aircraft's engines. A 

similar protocol dealing with railroad rolling stock (Luxembourg Railway Protocol) was 

signed in 2007, but not ratified. 

Unsurprisingly, there is a space-related protocol to the Cape Town Convention that 

seeks to cover similar assets as the Aircraft and Luxembourg Railway Protocols.59 Known as 

the Space Assets or Berlin Space protocol, was introduced in 2012 and is yet to be ratified by 

any state. The Space Assets protocol seeks to add security and certainty for international 

creditors lending money to the burgeoning commercial space industry by imposing similar 

rules for registration of security interests, equipment, and change in control or repossession.60 

Although drafted in consultation with various private parties active in the commercial 

space community, the Space Assets protocol has been universally panned by commercial 

space industry association groups.61 The largest of these trade groups include the European 

Satellite Operators' Association, the US Satellite Industry Association, the Cable and Satellite 

Broadcasting Association of Asia, as well as industry groups representing the commercial 

space industries of Australia and Canada. These groups argue that the Space Assets protocol 

will, instead of easing and encouraging the international financing of space projects as 

intended, will actually do the opposite.62 They argue that the market for financing space 

projects is robust under traditional national legal regimes and additional international law 

attempting to facilitate financing is unnecessary and adds a level of cumbersome 

bureaucracy.63 Additionally they argue the Space Assets protocol will add time and expense 

for a level of additional security that the commercial space industry does not call for, and this 

added burden will specifically impede the commercial space development of developing 

59 Goode, Roy. "Convention on International Interests in Mobile Equipment and Draft Protocol Thereto on 
Matters Specific To Space Assets Explanatory Note." Unidroit.org. International Institute For the Unification 
of Private Law, July 2011. Web. 29 Nov. 2012. <http://www.unidroit.org/english/conventions/mobile-
equipment/conference2012/dcme-sp-04-e.pdf>. 

60 Id.
61 "Global Satellite Industry Denounces UNIDROIT Protocol." SpaceRef.com. SpaceRef Interactive, 9 Mar. 

2012. Web. 29 Nov. 2012. <http://www.spaceref.com/news/viewpr.html?pid=36355>. 
62 "Satellite Operators Oppose New Protocol on Satellite Financing." Esoa.net. European Satellite Operators 

Association, 9 Dec. 2011. Web. 29 Nov. 2012. <http://www.esoa.net/news-info-23.htm>. 
63 Id.
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states.64 Finally, they argue that the Space Assets protocol was not drafted with sufficient input 

from the private sector since the economics of the industry have changed since work on the 

protocol began in 2002, and relevant parties only took an interest in the protocol recently, after 

most of the work was completed.65 In essence, these trade groups argue that the Space Assets 

protocol was not sought or wanted by the industry it was designed to help, and therefore is a 

solution seeking a problem that will practically work to inhibit investment and make 

commercial development in space more expensive. 

Commentators argue that important differences exist between commercial uses of 

space and aircraft that make the Cape Town Convention's treatment of space assets in the 

same way as other mobile assets inappropriate. First, as will be discussed later, national and 

International Telecommunications Union regulatory approvals are not assignable or 

transferable due to the relative non-existence of property rights in space. Second, it is unclear 

whether space assets are even “mobile assets” under the Cape Town Convention because the 

Outer Space Treaty, mentioned below, governs the jurisdiction of all space objects, and those 

space objects are generally under the jurisdiction of a single state and completely unlike the 

rail or aircraft assets moving among many jurisdictions the Cape Town Convention was 

designed to address.66 Therefore, unlike aircraft or other mobile assets that can be bought or 

sold, move between jurisdictions, and change physical possession, a satellite cannot change 

the spectrum it uses after it is launched, nor will its regulatory approvals necessarily be re-

granted if there is a change of ownership or jurisdiction, nor do space assets move between 

jurisdictions in light of the binding and widely-accepted Outer Space Treaty.67 

For a project like space-based solar energy satellites, which are working towards 

perceived economic viability, the value of any proposed legal regime change must be 

considered relative to towards achieving viability. Here, the value of the proposed changes 

seems to be unsupported by the industry itself, included all interested parties, including banks, 

insurers, and satellite operators and owners. It does appear easy to distinguish space-related 

projects from the other industries contemplated by the Cape Town Convention in the Aircraft 

and Luxembourg Railway Protocols. Creditors to potential space-based energy satellites can 

easily assess risk based on the well-known project finance law already existing in many of the 

64 Id.
65 Id.
66 Mosteshar, Sa’id. "Financing Space Assets: The Unidroit Solution Examined." Esoa.net. London Institute of 

Space Policy and Law, 9 Feb. 2011. Web. 29 Nov. 2012. 
<http://www.esoa.net/upload/files/news/unidroit/legalissues.pdf>. 

67 Id.
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world's jurisdictions. If a state's commercial law is undeveloped, uncertain, and risky, 

creditors can choose to not lend in that state. Therefore it seems as if ratification of the Space 

Assets protocol, in its current form, is a significant risk for proposed space-based energy 

satellites, and states that want to encourage those satellites, or the commercial space industry 

in general, should not ratify the Space Assets protocol. 

 4. International Legal Issues

 4.1 International Space Law

There are four important international space law instruments relevant for the 

development of space-based energy68. First, there is the 1967 Treaty on Principles Governing 

the Activities of States in the Exploration and Use of Outer Space Including the Moon and 

Other Celestial Bodies (Outer Space Treaty). The Outer Space Treaty is the most important 

instrument in international space law and is considered foundational for other law. Second is 

the Convention on International Liability for Damage Caused by Space Objects of 1972 (the 

Liability Convention). The Liability Convention gives the rules for recovering compensation 

for damage caused by space objects. Third is the Convention of Registration of Objects 

Launched into Outer Space 1974 (Registration Convention).69 The Registration Convention 

requires states to submit information about the space objects launched from their territories 

and under their jurisdiction. Fourth are the Constitution and Convention of the International 

Telecommunications Union and the related Administrative Regulations.70 The ITU is 

important for space-based energy for two reasons: the ITU is responsible for assigning slots in 

geosynchronous orbit and responsible for permitting the use of the electromagnetic spectrum 

necessary to transmit collected energy to Earth. 

 4.1.1 International Telecommunications Union

68 Some other United Nations multilateral space law treaties are less or not relevant for space-based energy. For 
instance, the Agreement on the Rescue of Astronauts, the Return of Astronauts and the Return of Objects 
Launched into Outer Space is irrelevant since it seems unlikely that the physical presence of people in space 
for the purpose of operating space-based energy satellites is necessary or desirable because of cost and the 
added complexity of sending humans into space. The Agreement Governing the Activities of States on the 
Moon and other Celestial Bodies would be relevant for energy production involving the Moon or other 
celestial bodies, but it has not be ratified by any space-faring state. 

69 "Registration of Objects Launched into Outer Space." Oosa.unvienna.org. United Nations Office for Outer 
Space Affairs, n.d. Web. 29 Nov. 2012. <http://www.oosa.unvienna.org/oosa/SORegister/regist.html>. 

70 "Collection of the Basic Texts of the International Telecommunication Union Adopted by the Plenipotentiary 
Conference." Itu.int. International Telecommunications Union, n.d. Web. 29 Nov. 2012. 
<http://www.itu.int/pub/S-CONF-PLEN-2011/en>. 
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The International Telecommunications Union (ITU) is responsible for two relevant, 

but seemingly unrelated, approvals necessary for a space-based energy project: the 

electromagnetic spectrum needed to transmit energy from outer space to Earth, and the 

geosynchronous orbital slot needed to remain in virtually non-stop sunlight and 

simultaneously transmit collected energy to the Earth. The concepts of spectrum and orbital 

slot are closely related, because the proximity between satellites utilizing the same spectrum 

determines how much interference is experienced in each wireless signal.71 Therefore 

satellites separated by great distance are able to use the same spectrum without interfering 

with each other, and the ITU works to determine how both spectrum and orbital slots should 

be allocated.

Orbital slots are important for any satellite because the satellite's relative position to 

the Earth determines which parts of the Earth the satellite can communicate with, observe, or 

be controlled by. There are two orbits important for potential space-based energy satellites: 

low Earth orbit and geosynchronous orbit. Low Earth orbit is the distance from Earth and 

orbit most satellites use, which is between 100-500 km (65-310 miles) from the Earth, are 

basically circular orbits, and take around 90 minutes to complete one revolution around the 

Earth. The other important type of orbit is geosynchronous. A satellite in geosynchronous 

orbit is approximately 36,000 km (22,236 miles) from the Earth and returns to the same point 

over the Earth once a day. Space objects in geosynchronous orbit are also far enough from the 

Earth that they are exposed to sunlight virtually non-stop. There are many other types of 

orbits, including medium Earth orbit, the area in between low Earth orbit and geosynchronous 

orbits in which a satellite takes between two and twelve hours to complete a revolution around 

the Earth, and also a “graveyard” orbit, at a distance beyond geosynchronous orbit, where 

unused space objects, usually satellites formally in geosynchronous orbits, reside that were 

impossible or impractical to return to the Earth.

Orbits lower than geosynchronous have an ancillary importance for space-based 

energy satellites. Low Earth orbit is often used as an intermediate location while preparing to 

launch the space object to its final position in geosynchronous orbit. An alternative permanent 

location to geosynchronous orbits also exists for space-based energy satellites at low Earth 

orbit. However, this is not an ideal location for these satellites because a single solar energy 

satellite at low Earth orbit could neither collect energy virtually continuously by virtue of its 

71 Scheraga, Joel. "Establishing Property Rights in Outer Space." Cato.org. Cato Institute, Winter 1987. Web. 20 
Nov. 2012. <http://www.cato.org/pubs/journal/cj6n3/cj6n3-10.pdf>. 
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location in near-constant sunlight, nor send that energy to a single point on Earth 

continuously. Energy satellites in low Earth orbit would therefore need an array or network of 

similar satellites to achieve what is available to a single satellite in geosynchronous orbit. 

Regardless, some advocate locating energy satellites in low Earth orbit as a bridge measure 

until the cost to launch space objects fully to geosynchronous orbit is reduced.72 

In this sense, the ITU does not actually assign orbital slots, it merely recognizes when 

states have professed an intention to use or assign the spot in some capacity. Recognition is 

done on a partial first-come basis. ITU assignments are generally recognized, although the 

Chinese launched a satellite in 1994 without ITU approval.73 

ITU recognition of slots is highly controversial.74 Developing states argue that the 

scheme allows too many slots to go to developed countries, leaving those developing states 

with less opportunity. Developed states argue that the scheme gives too many slots to 

developing states that are not able to utilize the value of those slots. Contrary to the Outer 

Space Treaty, equatorial states have asserted rights over the valuable orbital slots over the 

equator, believing those orbits are within the natural skyward extension of their terrestrial land 

borders. While they have asserted these rights rhetorically, the equatorial states have not 

attempted to enforce them physically.75 Despite these controversies, the ITU orbital slot 

assignment system is well-respected and generally followed.

 4.1.2 Acceptable Uses of Space

International law does not allow the use of space for certain specified purposes. Some 

commentators argue that space-based energy satellites are not allowed under these treaties. 

The relevant treaty in this context is the 1967 Treaty on Principles Governing the Activities of 

States in the Exploration and Use of Outer Space, including the Moon and Other Celestial 

Bodies, or Outer Space Treaty.

 4.1.2.1 Common Heritage of Mankind

Article II of the Outer Space Treaty recognizes the “common heritage of mankind” 

72 Jones, Royce. "Alternative Orbits A New Space Solar Power Reference Design." Spacejournal.ohio.edu. 
Online Journal of Space Communication, Winter 2010. Web. 29 Nov. 2012. 
<http://spacejournal.ohio.edu/issue16/jones.html>. 

73 "China Parks Satellite in Wrong Space 08/11/1994 | Archives | Chron.com - Houston Chronicle." Chron.com. 
Houston Chronicle, 11 July 1994. Web. 29 Nov. 2012. 
<http://www.chron.com/CDA/archives/archive.mpl/1994_1219185/china-parks-satellite-in-wrong-
space.html>. 

74 For a summary of these controversies, see: White, Wayne. "Real Property Rights in Outer Space." 
Spacefuture.com. Space Future Consulting, 1998. Web. 29 Nov. 2012. 
<http://www.spacefuture.com/archive/real_property_rights_in_outer_space.shtml>. 

75 Nor have they demonstrated the technical ability to do so. 
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principle in international law. That is, outer space is a common resource that should exist for 

the benefit of all mankind, and therefore cannot be expropriated by a single state. Some 

commentators argue that space-based energy projects would violate this principle because the 

benefits of such projects run, in the form of energy, to a single state. The “common heritage of 

mankind” principle in the Outer Space Treaty also does not recognize the ability of states to 

claim ownership over parts of space in the traditional sense of property rights, that includes 

the ability to exclude others from use of that part of space and the ability to buy and sell those 

rights. 

This criticism is difficult to reconcile with the well-recognized ability of states to 

launch and maintain satellites in space, in which the benefits from only run to a single state or 

entity, like telecommunications or observational satellites. The right to operate, derive benefit 

from, and buy and sell interests in those satellites is well-accepted. It is difficult or impossible 

to distinguish the benefits coming from space-based energy satellites from those that provide 

other services. In addition, the necessity of replacing humanity's energy supply with 

emissions-free, clean energy sources does benefit all humanity. The reduction of energy 

production that damages the environment benefits humanity even if the energy derived is only 

used directly by a single state or private company. 

 4.1.2.2 Ban on Military Uses

An additional issue is the Article IV of the Outer Space Treaty's ban on the launching 

into space of nuclear or other weapons of mass destruction. The Outer Space Treaty also 

requires the use of space for only peaceful purposes. This presents two issues: first, the Outer 

Space Treaty may not allow the use of space-based energy satellites as an energy source for 

remote military operations as envisioned by the most recent United States study. Second, 

although the ability to use the transmission component of a space-based energy satellite as a 

weapon is unlikely, other states may not trust that the satellite cannot, or cannot be made to, 

be used as an orbital weapon. 

 4.1.3 Liability For Damage Caused by Space Objects

Damage caused by satellites can be expensive and present health and environmental 

concerns. Two instances of damage caused on Earth by satellites identifiable to a specific state 

are well-known.76 First, the 1978 crash of the Soviet Kosmos 954 in Canada, and second, the 

76 For information about the Kosmos 954 incident, see: Parks, Lisa. "When Satellites Fall: On the Trails of 
Cosmos 954 and USA 193." Flowtv.org. University of Texas at Austin, 12 June 2009. Web. 29 Nov. 2012. 
<http://flowtv.org/2009/06/when-satellites-fall-on-the-trails-of-cosmos-954-and-usa-193lisa-parks-uc-santa-
barbara/>. 
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1979 crash of the American Skylab in Australia. In the case of Kosmos 954, a reconnaissance 

satellite, the satellite's nuclear reactor containing 50 kilograms of uranium, failed to eject after 

control of the satellite was lost and a 600 kilometer-long debris field was left over 124,000 

square kilometers of northwestern Canada. Although Canada billed the Soviet Union 

approximately CAD 6 million, the Soviet Union eventually paid only CAD 3 million. After an 

attempt by NASA to steer it to a harmless landing in the Indian Ocean, the American space 

station Skylab crashed in southwestern Australia in 1979, causing no damage but resulting in a 

littering fine of AUD 400 by the Shire of Esperance, which was never paid by the American 

government.77

The most important piece of international law dealing with damage caused by 

identifiable space objects is the 1972 Convention on International Liability for Damage 

Caused by Space Objects (Liability Convention). Like Article VII of the Outer Space Treaty, 

the Liability Convention provides that individual states are responsible for the damage caused 

by their “own” space objects. That is, space objects that are launched from its territory or 

facility or “procures” the launching of a space object. While the Canadians threatened to make 

a claim under the Liability Convention, the dispute was settled without it. In Article VIII, only 

states can initiate proceedings against other states; private parties are not involved in the 

dispute resolution process directly. In Article V, if there is more than one “launching state” for 

an offending space object, those states are joint and severally liable. As is common in 

resolving disputes in bilateral investment treaties, Article XIV uses a commission to arbitrate 

disputes. The commission consists of three commissioners, one selecting individually by each 

state, and a third chosen by both states together. States must present claims through diplomatic 

channels within one year of the occurrence of the damage, or one year from when the state 

learns the national origin of the offending space object.78 The Liability Convention Article XI 

does not restrict a private party's ability to sue in either its own or the offending party's state's 

national courts. The Liability Convention has not yet be invoked by any state.

The greatest risk to a private stakeholder, most likely an owner or insurer of a damaged 

satellite, under the Liability Convention is the issue of standing.79 According to the Liability 

77 Listner, Michael. "Examining Space Law and Policy Part 3: The Liability Convention of 1972." 
Examiner.com. Clarity Digital Group LLC, 27 Mar. 2011. Web. 29 Nov. 2012. 
<http://www.examiner.com/article/examining-space-law-and-policy-part-3-the-liability-convention-of-1972>. 

78 Liability Convention, Article XV.
79 While the damaged party can sue under national law, this seems likely to be ineffective and what the Liability 

Convention was designed to address. A private party has two options: sue in its own national courts and 
attempt to enforce the judgment in the national courts of the offending party, or sue the offending party in its 
own national courts. These seem like difficult situations, complicated by the fact that governments still 
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Convention in Article VIII, only states can seek damages against other states, therefore the 

ability of a private stakeholder to receive compensation against a tortfeasor state or foreign 

national private party depends entirely on the damaged party's own government initiating 

proceedings under the Liability Convention against the offending state. This means, of course, 

that the ability to use the Liability Convention depends entirely on the political will of the 

home state to sue the other state, which may or may not exist. A national of a state with little 

international bargaining power or influence, or that even relies on the offending state for 

development aid or military protection, may not be able to persuade their government to 

pursue damages. States that are military and economic rivals may not wish to further 

complicate or degrade tenuous relations with disputes over fault in damages related to private-

sector satellites, even if those satellites are extremely expensive and provide needed energy. 

The issue is further complicated because many modern commercial space missions involve 

stakeholder nationals of more than one state, therefore future disputes over damage under the 

Liability Convention likely means an action by a group of states against another group of 

states. If managing a dispute between two states is difficult, managing one among many states 

is exponentially more difficult. Collecting on a judgment from a state unwilling or unable to 

pay is an additional problem. Although resolving disputes between sovereign states is, and 

always will be, difficult, i order to reduce this uncertainty, the Liability Convention could be 

amended to require a stronger and more rigid dispute resolution system.

An additional risk is the fact that, despite existing since 1972 and there being some 

instances where claims could have been made, proceedings under the Liability Convention 

have never actually occurred. This lack of known history means a great deal of uncertainty 

concerning both practical and legal matters related to a claim. For instance, the legal standards 

for the decision-makers in the dispute are as vague and unhelpful as possible; Article XII 

instructs the Claim Commissioners to decide liability “. . .in accordance with international law 

and the principles of justice and equality. . .”. While the Liability Convention's prescribed 

proceedings are similar to those given in bilateral investment treaties, those proceedings are 

not well understood and rarely operate smoothly in that context. In Article III, liability is 

apportioned through “fault” and Article VI mentions “gross negligence”; standards and duties 

of care for space objects that have yet to be determined in any proceeding. This type of risk 

can only be resolved over time, as claims are made and proceedings are conducted. 

generally play a role in commercial launches, especially outside the United States, and therefore offending 
space objects may be veiled in some degree of sovereign immunity. 
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The same analysis applies to in-orbit collisions, as well as damage caused by space 

objects on the Earth and transmission accidents involved a space-based energy satellite's 

transmission beam. 

Ideally, all launched space objects are described in the Registry maintained by the 

UNOOSA. Descriptions include the following relevant details: name of launching state; date 

and territory of launch; basic orbital parameters; and general function of the spacecraft.80 An 

effort to require the registration of more specific orbital parameter data was recommended by 

the General Assembly, but was not yet adopted.81 The Registry exists to provide information 

about the current population of spacecraft in space, so interested parties like launchers, 

owners, insurers, and investors in satellite projects know where objects are currently located. 

Registration is more important in low-Earth orbit (LEO), where orbital slots are not assigned 

and not tracked by any other international agency. Interested parties can use this information 

to determine risk of collision or interference with other satellites.

There are several issues with the Registry that impair the utilization of the information 

contained within by interested parties. First, the UNOOSA relies on national governments to 

submit all relevant information. Therefore, if satellites are launched without local government 

knowledge, or the local government is ineffective at registering information, no record of the 

satellite will appear in the Registry. The extent to which governments or private actors have 

purposely not registered satellite or spacecraft launches is obviously unknown, or not known 

publicly.82 Second, because the Registry only contains basic orbital parameters and does not 

require information about operational status or actual disposal, it does little to help interested 

parties know information about orbiting satellites after the initial registration, unless that 

information is made available elsewhere. A “dead” satellite, a satellite which has broken apart, 

80 An example of a registration under the Registration Convention can be found here: Information Furnished in 
Conformity with the Convention on Registration of Objects Launched into Outer Space Note Verbale Dated 
28 October 2008 from the Permanent Mission of Japan to the United Nations (Vienna) Addressed to the 
Secretary-General. Rep. no. ST/SG/SER.E/556. United Nations Secretariat: Committee on the Peaceful Uses 
of Outer Space, 15 Mar. 2010. Web. 13 Nov. 2012. 
<http://www.unoosa.org/pdf/reports/regdocs/ser556E.pdf>. 

81 Recommendations on Enhancing the Practice of States and International Intergovernmental Organizations in  
Registering Space Objects. Rep. no. A/RES/62/101. United Nations General Assembly, 17 Dec. 2007. Web. 
13 Nov. 2012. <http://www.unoosa.org/pdf/gares/ARES_62_101E.pdf>. 

82 Governments launching spy and other satellites intended for covert purposes are perhaps not as timid about 
admitting so as one would expect, as the states that have active spy satellite programs at least register basic 
details of those satellites, even if they lie about the purpose. It also seems likely that national intelligence 
agencies would be aware of the locations and purposes of satellites launched without previously or 
subsequently being registered with the UNOOSA, since launching anything into space is a rather noisy and 
obvious event and orbiting satellites are generally observable by even amateur stargazers with basic 
telescopes, however that information is not be widely available to the public. 
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or destroyed purposely by a capable state or actor, presents significant risk to other space 

objects. Such status or details may not necessarily be registered publicly with UNOOSA under 

the current regime. 

The Registration Convention, of course, provides for no enumerated penalty for states 

that do not register space objects launches, whether known or unknown to that state.83 In 

Article VI, other states capable of monitoring space are to “respond to the greatest extent 

feasible” when a state is damaged or is threatened with damage by an artificial space object 

that is not registered in the Registry. This seems like a nice provision to help a state victim of 

an unregistered space object, but there is no hard rule compelling space-monitoring states to 

assist and “Arrangements under which such assistance shall be rendered shall be the subject of 

agreement between the parties.”84, which makes the provision sound optional. Furthermore, no 

liability can be found under the Liability Convention or under any other law if the nationality 

of the space object cannot be determined because a space-monitoring state refuses to help, 

there is no information in the Registry, or nationality cannot be determined by some other 

means by the damaged state. The Registration Convention does require that states notify the 

UNOOSA when a previously-registered object is no longer in the Earth's orbit “to the greatest 

extent feasible and as soon as practicable”, however there is no enforcement mechanism or 

penalty for non-compliance listed.85 

In order to address these identified issues, the Registration Convention could be 

changed in several ways. First, space-monitoring states could be required to provide 

identifying information about unregistered space objects to states suffering damage. Second, 

space-monitoring states should be required to provide information about space objects it has 

information about to the Registry, even if those objects were not launched under that state's 

authority or that state would otherwise be responsible for under the Registration Convention 

or other law. Third, states with a poor record of registering national space objects or 

monitoring launches within its territory should face some sort of penalty for noncompliance. 

Fourth, states should be required to provide additional details about the current status of 

national space objects like, for instance, more detailed information about operational status, 

disposal plans, if the satellite is functional and still under ground control, or if the satellite has 

83 It does seem unlikely that a satellite or spacecraft launch could occur in any state without some knowledge by 
the local government, although that knowledge may not be known to the agency responsible for maintaining 
the national registry. 

84 Registration Convention, Article VI.
85 Registration Convention, Article IV Clause 3.
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been destroyed or has broken apart while in orbit. 

 4.1.3.1 Collision with Unclaimed Space Debris

A pressing danger for any expensive satellite is contact with so-called “space junk”. 

Space junk is the whole or partial remains of space objects launched by humans, but that is no 

longer being used or is unable to be controlled. Such space junk can range in size, from entire 

spent rocket stages to dust-sized particles of old space objects.86 Unlike garbage on Earth, 

unwanted debris in orbit can travel at 50,000 km/hour (31098.6 mph) and presents a great 

danger to space objects currently in orbit and being used. At the relevant speeds, even a small 

piece of debris has the potential to cause enough damage to a space object to render it 

inoperable, which is an even greater concern for manned space objects than an unmanned 

space-based energy satellite.87 Space junk in lower orbits may only last a few months before 

residual air drag from the Earth's atmosphere causes the debris to disintegrate; however, for 

objects in higher objects, this process may take thousands of years to occur naturally. The 

result is the current situation, where space junk poses major risk to any new space object, even 

if just passing through low Earth orbit to higher orbits.88 The Kessler Syndrome is a scenario 

where debris collides with debris and in-service satellites, breaking the debris into smaller and 

smaller pieces and adding new debris from new space objects, to the point that there is so 

much debris in low Earth orbit that that region of space becomes impassable, or at least too 

risky to attempt passage through.89 

For the purposes of the Liability Convention and other law, the problem with space 

debris is that its origins are often difficult or impossible to ascertain. Although larger debris 

can be tracked from Earth, identifying its national origin is virtually impossible if the piece is 

not large enough to be identified as part of a specific space object. Unlike automobile or 

airplane collisions on Earth, the damaged space object and the debris are unlikely to be 

recovered after an in-space collision, making regular identification impossible. The advent of 

weapons technology that allows a military to reliably target and destroy an in-orbit satellite 

86 Tkatchova, Stella. Space-based Technologies and Commercialized Development: Economic Implications and 
Benefits. Hershey, PA: Engineering Science Reference, 2011. Print. 

87 Makers of spacecraft are, of course, aware of the space junk problem and engineer spacecraft with additional 
shielding to protect against contact with debris, but some debris is simply too large to protect against using 
current technology and protective measures are of unknown effectiveness. 

88 Space junk is also dangerous for humans on Earth, an American woman was hit by debris from a launch 
vehicle's fuel tank and larger space objects, like the United States' Skylab, have survived atmospheric reentry 
is large pieces that fall uncontrolled to the Earth's surface and land randomly. 

89 Kessler, D. J. and B. G. Cour-Palais (1978), Collision frequency of artificial satellites: The creation of a 
debris belt, J. Geophys. Res., 83(A6), 2637–2646 
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complicates matters by creating a great deal of small debris, often in valuable higher orbits.90 

If the space junk's origin is unknown, assessing the liable party is impossible. The 

practical solution, as is the case on Earth when tortfeasors cannot be identified, is to have 

appropriate insurance coverage that will compensate for that loss regardless of being able to 

identify the tortfeasor.91 As an industry always looking for novel risks to insure against, the 

insurance industry does often offer insurance for telecommunications satellites. Insurance 

coverage for space objects, of course, is not always available some or all of the satellite's 

value, depending on a number of factors, including: the reliability of the launch vehicle, 

national origin, purpose of the satellite, satellite operator's experience successfully managing 

its satellites, how comprehensive the policy is, the satellite's complexity, and the satellite's 

value. 

The availability of insurance to mitigate the risk caused by unidentifiable space junk is 

certainly an advantage for interested parties that are able to secure that insurance, however 

space junk remains an expensive problem that is a burden on future space development. The 

presence of space junk certainly makes insurance coverage more expensive, if available for a 

project at all, since an insurance company is unable to subrogate the policyholder's tort claim 

against a tortfeasor, as is traditionally done, if the tortfeasor is unidentifiable. In the case of 

space-based solar power, the necessary satellites may simply be too complex, too expensive, 

too novel, and too large to be insurable as a telecommunications satellite would be, in light of 

the space junk problem. 

Throughout much of the history of humanity's activity in space, the problem of what to 

do with obsolete space objects has been an afterthought compared with the dual goals of 

successfully launching and using the space object successfully at all. However, the Inter 

Agency Space Debris Coordination Committee was created in 1993 to further research the 

problem. The plans developed to mitigate current and future space debris are numerous. 

90 The Chinese destruction of one of its satellites in 2007 created thousands of pieces of debris large enough to 
be tracked and millions of pieces too small to be tracked, despite remaining dangerous. Only two states are 
known to have the ability to destroy in-orbit satellites using anti-satellite weapons (ASAT): China and the 
United States. The United States successfully destroyed a satellite using a missile fired from an F-15 fighter 
jet in 1985 and with a submarine-launched missile in 2008. The United States' 2008 satellite destruction did 
only temporarily added to the space debris problem, as the satellite was located in a sufficiently low orbit that 
the debris experience atmospheric reentry within several weeks or the satellite being destroyed. The Soviet 
Union attempted to develop similar technology, as well as ground-based lasers that could cause temporary 
satellite malfunctions, however neither were successfully tested. Other states are currently pursuing ASAT 
research, like India. Russia has also restarted its research. The possibility of offensive weapons existing that 
could destroy a satellite may be of concern to interested parties in space-based energy satellites. 

91 Insurance can also compensate in the case of Acts of God, where there is not necessarily a tortfeasor at all.
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Various types of spacecraft could, theoretically, be put into orbit to help push debris closer to 

the Earth, where it would burn up upon reentry, or further from Earth, to a graveyard orbit 

where it does not interfere with current uses. While such technology is a possibility, this paper 

is more concerned with policy changes that can reduce risk and facilitate development. Some 

possible policy changes are mentioned here. 

Several bodies have introduced standards for space object design which seek to 

mitigate a space object's end-of-life potential to create more space debris.92 Such guidelines 

recommend engineering spacecraft with the ability to make drastic changes in orbit and 

designing missions to allow for enough fuel to move the spacecraft safely into the Earth's 

atmosphere, a graveyard orbit, or completely out of the Earth's orbit to a heliocentric orbit. 

Other recommendations call for exhausting the satellite's fuel to avoid in-orbit explosions, or 

direct retrieval93, which is not currently practical for many satellites. These guidelines are 

often not followed because there is no enforcement mechanism, are ineffective for foreseeable 

technical reasons, or are only binding on the agency itself, like NASA's guidelines.94 For 

instance, if guidelines call for a plan to deorbit a space object at the end of its useful life under 

its own power, what if communications have been lost or the satellite is unable to function 

under its own power? Absent external input, those satellites remain in orbit indefinitely, 

undergoing natural orbital decay until they experience atmospheric reentry or hit other space 

debris. Satellites could be designed with a fail-safe deorbiting protocol if communications are 

lost for a long period of time. States that fail to enforce such guidelines in satellite design 

could be assessed a fee for every inoperable satellite left in an orbit dangerous to active 

satellites, especially geosynchronous orbits. A fine could also be levied against a government 

that wants to purposely destroy one of its own satellites in such a way that creates large 

92 For the European Space Agency's standards, See: Kinkrad, H., P. Beltrami, S. Hauptmann, C. Martin, H. 
Sdunnus, H. Stokes, R. Walker, and J. Wilkinson. "The ESA Space Debris Mitigation Handbook 2002." 
Advances in Space Research 34.5 (2004): 1251-259. SciVerse SciencDirect. Elsevier B.V. Web. 19 Nov. 2012. 
<http://www.sciencedirect.com/science/article/pii/S0273117704001061>. NASA guidelines can be found 
here: Office of Safety and Mission Assurance. "NASA Procedural Requirements for Limiting Orbital Debris 
(w/ Change 1 - 5/14/09)." NASA Procedural Requirements. National Aeronautics and Space Administration, 
14 May 2009. Web. 19 Nov. 2012. <http://orbitaldebris.jsc.nasa.gov/library/NPR_8715_006A.pdf>. 

93 A method used to steal a spacecraft in the fictional 1979 James Bond film Moonraker.
94 The best example of a satellite design ignoring debris mitigation protocols is the European Space Agency's 

Envisat environmental monitoring satellite. Launched in 2002, contact was lost with the 8,211 kilogram 
satellite in 2012. Ironically, Envirosat did not comply with the ESA's debris mitigation guidelines issued in 
the same year it was launched. Because of its size and the time it will take to natural deorbit (150 years), 
combined with its orbital altitude of 790 km, and in an orbit where two active satellites will pass within 200 
meters of it every year, Envirosat presents great risk to add to the space debris problem that could have been 
mitigated by following applicable protocols. See: Gini, Andrea. "Don Kessler on Envisat and the Kessler 
Syndrome." Spacesafetymagazine.com. Space Safety Magazine, 25 Apr. 2012. Web. 19 Nov. 2012. 
<http://www.spacesafetymagazine.com/2012/04/25/don-kessler-envisat-kessler-syndrome/>. 
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amounts of debris.95 

Such incentives may raise the cost of general space commercialization in the short-

term, but the risk of a Kessler Syndrome scenario where low Earth orbit becomes so dense 

with space debris that it becomes impassable or unusable is perhaps too great. Such a trigger 

event that leads to the Kessler Syndrome could be a collision involving the Envirosat satellite. 

The costs associated with a Kessler Syndrome, in the destruction of active satellites in low 

Earth orbit, lost opportunity of not being able to launch new satellites, and needing to clear 

debris is undoubtedly higher than the cost to engineer prevention of space debris proliferation 

into new satellites. Space-based energy satellites, that can collect their own energy for 

propulsion, are perhaps less likely to add to the problem, although their large size makes them 

susceptible to collisions with debris.  

95 Although it might be wise to allow states to destroy malfunctioning satellites with toxic substances on board 
to prevent atmospheric reentry. The United States cited such a reason for launching a missile and successfully 
destroying a malfunctioning spy satellite in 2008 that contained toxic fuel. 
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 5. Conclusion

Space-based energy satellites are a novel and innovative way to meet humanity's 

expanding energy needs, both on Earth and off. The reduction of global nuclear capacity in 

light of various disasters means more pressure on developing clean alternatives. At the same 

time, governments have begun to mandate alternative energy use by energy providers. Space-

based solar or other energy satellites show great potential to provide large amounts of energy 

with minimal environmental impact. However, in order for the technology's potential to be 

fully realized, the relevant space law must be developed further. This development should 

focus on updating current space law, which was designed largely during the first generation of 

space flight, to reduce the risk associated with new more complicated, commercial uses of 

space.
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