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During the past two centuries, with the majority of the surface of our planet
already explored, civilizations around the globe have striven to expand the
sphere of human economic influence upward.
This trend began with the
first skyscrapers of the 1880s and has continued through the birth of
commercial aviation and commercial satellites, each of which drives
billions of US Dollars in annual revenues while creating infrastructure vital
to the modern way of life. Although some may contend that with
geostationary satellites in orbit 36,000 km above sea level our economic
sphere has reached its maximum range, there are compelling reasons to
believe this is not the case, and that in the near future – rather than simply
in dreams inspired by science fiction – we will see commercial activities
expanding out into cis-lunar space and beyond.
This chapter will examine the new markets and market niches that
may exist for commercial services on and near the Moon, with a focus on
markets projected to develop over the course of the next 15 years.
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The Traditional Paradigm of Deep Space
Exploration
The first spacecraft to leave Earth orbit was launched in January 1959, only
fifteen months after the lunch of Sputnik. Мечта (Mechta), later re-named
Луна-1 (Luna-1), was intended to be a lunar impactor, and was hailed by
the Soviet Union as the first ‘Cosmic Ship,’ in part as a jibe against the
USA’s Pioneer 1 and Pioneer 2 spacecraft, both of which failed to leave
near-Earth space in late 1958. The next decade and a half saw a bevy of
lunar missions – the Luna, Pioneer, Ranger, Зонд (Zond), Surveyor, Lunar
Orbiter, Apollo, and Луноход (Lunokhod) programs – consuming the
attention of the world’s superpowers, as well as hundreds of billions of US
Dollars in research, development, manufacturing, and operations. Indeed,
the 1960s and 1970s saw a flurry of space missions to a wide variety of
deep space destinations, including Venus, Mars, Halley’s Comet, and the
outer planets.
Planetary exploration has continued since that period, though the
ongoing trend has been towards larger, more complex, and more expensive
missions that are launched less frequently. The first era of lunar and
planetary missions – defined here as the period between the launch of
Pioneer 1 in 1958 and the final Luna / Lunokhod mission in 1976 – saw an
average of more than eight such missions per year, whereas the average
since that time has been less than two. A possible shift back towards the
earlier paradigm of more frequent government missions – driven largely by
then NASA Administrator Dan Goldin’s ‘Faster, Better, Cheaper’ mantra –
met an ignominious end with the failures of the Mars Climate Observatory
and Mars Polar Lander in the late 1990s.
Regardless of that paradigm shift, all of the lunar and planetary
missions conducted during this period share one thing in common: all were
government funded. Indeed, the vast majority of them were funded by two
governments in particular: the USA and the USSR / Russian Federation.
Other governments did not launch such missions until 1985, when both
Japan and the European Space Agency launched missions to Halley’s
Comet. The club of deep space exploration remained with only those four
members until China and India joined in 2007 and 2008. Although
commercial industry and smaller nations have been launching spacecraft
since 1962, we have yet to see such players put together a mission designed
to fly to the Moon or beyond.
Commercial industry has, of course, had a large role to play in
facilitating the exploration of our solar system conducted by civil space
agencies. But with those industrial partners operating under traditional
government contractual mechanisms of cost-plus contracts, et cetera, the
spirit of entrepreneurialism has not yet been brought to bear on this aspect
of the global aerospace industry.
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Figure 1
The rate of lunar and planetary missions took a steep drop in the
mid-1970s, and remains much lower than the earliest era of such
exploration, owing partly to an emphasis on more complex, more
expensive missions.

The cost of lunar and planetary exploration has been metastable for
essentially the entire history of the Space Age: a very limited pool of
government customers is willing to pay the current prices and, as revealed
by NASA’s brief and unsuccessful experiment with ‘Faster, Better,
Cheaper,’ is relatively insensitive or even disinclined towards minor price
decreases, whereas any potential new players that might serve as customers
of these missions likely will not emerge until prices drop radically. As a
consequence, much as with the price of launch, the price of exploration
beyond Earth orbit has remained essentially flat.

The Introduction of New Players
In the 1990s and early 2000s, glimmers of hope for an escape from this
metastable condition emerged, both in the form of successful missions and
intriguing though failed attempts.
As noted above, most of the history of lunar and planetary
exploration has been dominated by the civil space agencies in the USA and
in the Soviet Union / Russia. Those agencies provided complete, end-toend funding for the missions, as well as spearheading either the technical
development of the spacecraft or, at a minimum, selecting between the
technical paths proposed by a small group of aerospace contractors. With
such a small pool of players, both the motivation and the ability to make
radical breakthroughs in cost and in capability were constrained.
Both
agencies performed incredible missions worthy of admiration, but the total
appetite for unusual and high-risk ventures (relative to the high levels of
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risk required of even the safest of lunar or planetary missions) was
understandably low.
Two lunar missions successfully carried out in the mid 1990s
demonstrated the potential for this pool of players to grow:
Clementine, 1994
At first glance, Clementine might seem like a typical NASA mission:
it was a US government effort to map the Moon and to demonstrate the
capability to rendezvous with an asteroid. However, Clementine was led
not by NASA but by US Department of Defense’s Ballistic Missile
Defense Organization. Built largely at the US Naval Research Laboratory,
Clementine was the product of a small, skunkworks team at a total cost,
including launch and operations, of approximately $80M (in 1994 US
Dollars; approximately $115M in 2009 US Dollars). Although the US
Department of Defense is highly unlikely to conduct future missions to the
Moon, the Clementine mission provides an excellent example of how new
players can drive new capabilities and new price points in an otherwise
static industry niche.
Lunar Prospector, 1996
Like Clementine, Lunar Prospector was a US mission to the Moon
that had its origins outside of NASA. Principal investigator Alan Binder
notes that Prospector was originally “conceived as a private mission to
demonstrate to NASA, Congress, and the American taxpayer how missions
could be done inexpensively, efficiently, and reliably.” Over the eleven
years of Prospector’s development and operations, the mission was passed
from the Space Studies Institute to the National Space Society and
eventually into NASA itself; however, the mission maintained an ‘outsider’
spirit and a skunkworks team. In the end, the entire mission, including
launch and operations, cost $65M (in 1996 US Dollars; approximately
$88M in 2009 US Dollars) even less than Clementine. Prospector serves as
an example of the ability of non-governmental groups to conceive of
successful lunar missions, as well as civil space agencies’ willingness to
accept lower cost mission ideas pushed by external advocates.

Serious Commercial Attempts
On the heels of the successes of both Clementine and Prospector, several
commercial entities began planning their own missions to the Moon. Such
an idea had been pursued before – the Committee for the Future proposed
the ambitious Project Harvest Moon in the late 1970s, and explicitly
commercial lunar missions have been prevalent in fiction since the time of
Verne’s De la Terre à la Lune, but three commercial enterprises of the
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early 2000s merit particular attention for the amount of actual work
conducted, even though these missions were never completed.
BlastOff!
Founded by Internet entrepreneurs Bill and Larry Gross in 2000,
BlastOff! conducted serious development of multiple rover missions meant
to explore the landing sites of the Apollo missions. With a business model
driven largely by entertainment and media customers, including directors
James Cameron and Stephen Spielberg, both of whom joined the company
as investors, BlastOff! projected revenues of $250M in 2002 Dollars
($296M in 2009 Dollars). BlastOff! raised and spent over US $15M in
2002 Dollars ($18M in 2009 Dollars) more than twenty percent of the
budget required to conduct their first two missions, including launches –
before the burst of the dot-com bubble and the resulting economic
downturn caused the company to cease operations in 2002.

Figure 2
BlastOff! engineers build the mother rover for what was to be the first private
mission to the lunar surface. BlastOff! raised more than $15M in pursuit of the
mission, but scrapped plans when the economic downturn of 2001 cost them
the remainder of their required funding. Source: BlastOff!

LunaCorp
Similar to BlastOff!, LunaCorp planned to send rovers to the surface
of the Moon in the early 2000s. However, whereas BlastOff! concentrated
largely on a media-driven mission, LunaCorp’s was intended to conduct
serious science. The company planned to land a 440-pound (200-Kg) rover
with a four foot drill and numerous other scientific instruments to the lunar
surface, and had aims to operate throughout the lengthy lunar night. The
company did pursue some media and entertainment revenue streams, as

12

Space Commerce

well, including a sponsorship deal with RadioShack worth $1M in 2000 US
Dollars ($1,250,000 in 2009 US Dollars), with additional funds promised in
part through the joint production of a LunaCorp video game. However,
LunaCorp too fell prey to the economic downturn that followed the dotcom bubble burst.
TransOrbital
Unlike BlastOff! and LunaCorp, TransOrbital planned to develop a
lunar orbiter, rather than a rover. Their TrailBlazer spacecraft was to carry
high-resolution video cameras to image the lunar surface, with special
attention paid to NASA's Apollo and Russia's Lunokhod landing sites. A
partnership with electronics giant Hewlett Packard generated both near
term revenues and the important hardware components.
However,
TransOrbital also fell short of its funding goals in the midst of the
economic doldrums of the early 2000s, succumbing before launching
TrailBlazer or any of the company’s planned follow-on lander missions.
Though none of those three were destined to leave the surface of the
Earth, much less Low Earth Orbit, one commercial spacecraft did reach the
Moon in this timeframe – though it wasn’t originally planned to do so. The
Asiasat-3 communications satellite was left shy of its desired orbit after a
failure of its launch vehicle’s final stage, rendering the expensive
spacecraft useless. However, a new method pioneered by Rex Ridenoure
and Ed Belbruno allowed the spacecraft to embark on a lengthy journey
that used small increments of delta-v – and therefore small amounts of
propellant – to gradually place the vehicle on a spiraling trajectory that
eventually allowed Asiasat-3 to slingshot around the Moon and into its
desired orbital slot. Though time consuming, this maneuver demonstrated
that such low fuel journeys to the Moon were possible, offering promise for
future spacecraft hoping to achieve mass and cost savings. This technique
has also been demonstrated by the Japanese lunar probe Hiten in 1991
European Space Agency’s SMART-1 probe in 2004.

Moon 2.0: A New Era of Lunar Exploration
After the end of the first era of lunar exploration in the mid 1970s and a
relatively inactive interstitial period that lasted three decades, a new era has
at last begun. With exciting activities and a diverse range of actors all
across the globe, the promise of this second era of lunar exploration, ‘Moon
2.0,’ is enormous. Though just recently underway, it offers the likelihood
of being more participatory and longer lasting, building on the great
foundations of the NASA and Soviet missions of the 1960s and 1970s with
a new goal in mind: economic sustainability.
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To fulfill this new promise, Moon 2.0 will depend on two critical
elements: new reasons to explore the Moon, and a new set of innovators
and operators focused on such exploration.

The Motivations of Moon 2.0
The primary causes of the first era of lunar exploration, and the primary
justifications for the significant expenditures undertaken by both the USA
and the USSR, can be pithily summed up in two words: flags and
footprints. Although phenomenal scientific and engineering advances
occurred as a result of these programs, advances from which we still
benefit today, national prestige and a desire both to demonstrate military
might and to prevent an adversary from claiming the ultimate ‘high ground’
drove the massive expenditures that made these programs possible.
Regrettably, neither national prestige nor even the military imperative
proved to be a sustainable motivation for lunar exploration; once each
impressive milestone had been claimed by one of the two competing
superpowers, funding quickly dried up. It is for this reason that the first era
of lunar exploration came to such an abrupt end; the scientific and
engineering motivation for visiting the Moon increased, rather than
decreased, by each successful mission, but the prestige diminished with
each subsequent voyage.
It is unlikely that national prestige will be the primary motivation
behind Moon 2.0, despite some handwringing in the USA regarding
China’s plans for crewed missions to the lunar surface. However, other
reasons to return to our celestial neighbor abound.
The scientific rationale for visiting the Moon with orbiters and
landers can and has filled entire books; for the purposes of this chapter,
suffice it to say that the Moon is scientifically interesting enough that every
well established space agency on the planet (and several emerging space
agencies, as well) has multiple lunar missions in operation or development,
and that the Moon is continually listed as a high priority destination by
scientific steering bodies. Concepts such as the International Lunar
Network – a proposed group of eight or more lunar landers, built and
financed by different civil space agencies, that would be distributed across
the lunar surface to conduct coordinated observations – further demonstrate
the need for large numbers of lunar missions for purely scientific reasons,
as well as the increase in scientific demand when the costs of access are
decreased sufficiently to allow new entrants into the field.
The Moon is also an incredibly important destination for the purposes
of exploration of other destinations. Although the global space community
is frequently divided along the lines of preferred planetary destinations, it is
a generally accepted maxim that the exploration of the Moon will allow the
perfection of skills and techniques that will facilitate the exploration of
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Mars and other destinations farther from Earth. With the majority of lunar
approach trajectories requiring only three days of transit time, the Moon
offers a nearby sandbox for planetary exploration systems and protocols,
and in the event of problems, rescue, escape, and resupply are all
dramatically more feasible than they would be at more distant locations.
Similarly, teleoperations and communications are much simpler.
The Moon also sits at the bottom of a gravity well far more modest
than Earth’s, meaning that the lunar surface is particularly attractive as a
venue for manufacturing and launch of materials and equipment for further
exploration.
This rationale received a massive and important boost with the recent
discoveries of the presence of significant quantities of water on the lunar
surface. If future missions are able to harvest this water, it may well serve
as an off-planet equivalent of the oil fields of the Middle East. Lunar water
would of course find myriad uses, including use as a rocket fuel after
electrolysis into hydrogen and oxygen.
In all likelihood, both the scientific and exploration motives for lunar
landings will ultimately provide real, financial incentive for commercial
entities to join governments in the pursuit of the capability to explore the
Moon. Indeed, an important cash reward for such capabilities already
exists in the form of the Google Lunar X PRIZE. Announced in September
of 2007, the Google Lunar X PRIZE offers a total of $30M in prizes to the
first privately funded teams to successfully explore the surface of the Moon
with a robotic spacecraft.
This incentive prize is explicitly designed to facilitate a lasting,
systemic revolution in cost reduction, and thus to expand the possibilities
for lunar exploration, rather than promoting just a single mission.
Designed in part by veterans of the BlastOff! commercial lunar efforts of
the early 2000s, the prize seeks to provide momentum to an emerging
market niche, acknowledging the fact that private lunar exploration is
difficult concept to pitch to investors prior to serious demonstration of
technical capabilities. Ideally, the prize money and the resulting media
attention provide sufficient promise to attract both the inventors and the
financiers needed to accomplish the first mission or two, which will in turn
serve as a proof of concept that liberates future investment.
Although it is the largest international incentive prize in history, the
Google Lunar X PRIZE is not the only such prize to address issues related
to lunar exploration. The $2M Northrop Grumman Lunar Lander X
CHALLENGE and the $750,000 Regolith Challenge, both funded by
NASA and awarded in 2009, incentivized on-Earth demonstration of lunar
exploration technologies. The successful conclusion of these two incentive
prizes, as well as the ongoing success and recognition of the teams that
won them, further legitimizes the concept of privately funded missions to
the Moon and beyond.
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Incentive prizes such as the Google Lunar X PRIZE are an exciting
and important component in fostering this new market niche in part
because of their proven ability to leverage large financial investments from
a diverse range of sources far broader than those that would be available
through more traditional research and development models. Incentive
prizes have three centuries of history, and statistically leverage a total
investment that exceeds the prize purse money by a factor of ten or more.
This can be accomplished for multiple reasons:


In the traditional research and development model, a funding
agency pre-selects a limited number of developers – often a
single developer – based on the strength of a proposal developed
at the beginning of the process. Once this selection process is
made, other potential developers generally cease their efforts,
meaning that any potential delays or failures on the part of the
selected developer will translate directly to delays or failures of
the process as a whole. Incentive prizes, by contrast, provide
awards after the successful completion of the project, and rely
only on demonstrations, rather than proposals, to select
recipients. By doing so, incentive prizes achieve parallel
innovation, where multiple entities are racing each other to the
best or fastest conclusion, and each is spending its own funds and
making progress until the prize money is claimed.



As described above, the pool of entities interested in funding
lunar missions has historically been limited to a very small group
of government agencies. The introduction of the competitive
elements that surround an incentive prize program introduce
totally new sources of funding that may have little to do with the
actual exploration of the Moon, such as corporate sponsorships
and ‘ego money,’ investment from wealthy individuals interested
in the prestige and satisfaction that comes from backing a
winning effort that completes a challenging task. With such
financiers already backing events such as professional sporting
teams and yacht races – many of which will cost these financiers
more than it would to conduct a mission to the Moon – such a
possibility is both feasible and intriguing.
Similarly, the teams that compete for incentive prizes often
benefit from volunteers and from donations of time, money, and
material. A volunteer showing up a NASA center to offer
assistance with a lunar mission would likely be thanked and sent
away; if that same volunteer were to visit one of the teams
competing for the Google Lunar X PRIZE, the result would
likely be quite different.
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Importantly, though, the primary function of an incentive prize such
as the Google Lunar X PRIZE is not to create a single monolithic
motivation for a new industry, but rather to highlight, amplify, and give
birth to a number of motivations, and to motivate a variety of players to
join in overcoming the barriers to entry particular to that pursuit.

The Cast of Moon 2.0
While the first era of lunar exploration had two players and the interstitial
period saw the European Space Agency and the Japanese entering the fray,
the new era of lunar exploration is bearing witness to an explosion in the
number and variety of relevant players. Included among them are some
national space agencies.
China
China launched its first deep space mission,
(Chang’e 1), in
late 2007. That spacecraft, which successfully completed a year-and-a-half
long mission of mapping the Moon from orbit, was the first of several lunar
probes planned as part of the Chang’e program. A close copy of the first
mission will fly as Chang’e 2 in 2011, and a lander and rover mission is
planned for 2013. Including launch and operation, the cost of Chang’e 1 is
estimated at 1.4B Yuan (approximately $190M in 2009 US Dollars).
India
Shortly following China’s first mission to the Moon, India launched
Chandrayaan-1. Like its Chinese counterpart, this mission is meant to be
the first of several Indian missions to the Moon.
With a cost of
approximately Rs 3,800,000,000 (approximately $76M in 2009 US
Dollars), Chandrayaan-1 is the least expensive mission yet to the Moon. A
2013 lander-rover mission being jointly pursued by India and Russia is
projected to cost only 10% or 15% more.
Chandrayaan-1 further
demonstrated the possibility of international collaboration by carrying
payloads for NASA, ESA, and other international groups, as well as by
directly collaborating with NASA’s Lunar Reconnaissance Orbiter on
measurements and mapping.
Japan
Additionally, the Japanese lunar orbiter
(Kaguya), launched
in 2007, offers hope for a new era of lunar exploration. Though the
spacecraft’s cost ($474M in 2007 US Dollars, $490M in 2009 US Dollars)
differentiates it from its Chinese and Indian counterparts, Kaguya is of
particular interest because of the high definition video camera it carried. A
collaboration between JAXA, the Japanese civil space agency, and NHK,
the Japanese public television station, this HD camera and the public
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response to the videos it returned demonstrate a global appetite for
compelling lunar data generated with public outreach rather than pure
science as a first order goal.
Private Industry and NGOs
But the pool of relevant players in lunar exploration need not be
limited to government agencies. Private industry is already becoming
involved, and as of the time of this writing, twenty-two privately funded
teams have already registered to compete in the Google Lunar X PRIZE.
(See Figure 3)

Figure 3
The Google Lunar X PRIZE has already helped to identify many
of the commercial companies interested in participating in lunar
exploration. As of August 2010, twenty-two teams were fully
registered in the competition and actively working on their Moon
missions; an additional set of 2-5 teams are expected to join prior
to the close of registration in December 2010. Many of these
teams are multinational, meaning that team members are working
in nearly 70 countries around the world.
Source: X PRIZE Foundation

These teams are remarkably diverse in scope: they are headquartered
in a dozen nations, with members of the various teams working in nearly
70 nations on every continent save Antarctica.
In addition to their
geographic diversity, these privately-funded groups represent a remarkable
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range of members and partner institutions, as they are built around
universities, existing aerospace companies, newly minted small businesses,
non-profit foundations, and even open source communities.
Of course, not all of the teams competing for the Google Lunar X
PRIZE will prove to be viable, but the principle of parallel development
recognizes this and indeed celebrates it. Similarly, it is highly likely that
other important lunar exploration companies will emerge beyond the list of
Google Lunar X PRIZE participants. Nevertheless, this group of teams
provides an early glimpse of the very wide range of ventures that might
seek to profit from lunar exploration.
After a point, more players will not necessarily be better: the market
will reach a point of saturation, after which new additions will likely be a
zero sum game or worse. However, the private lunar market is currently so
undeveloped and radically under saturated that the addition of new players
such as those identified above will likely lead to a much larger range of
services, offered with greater regularity, and at lower price points.

The Case for Sustainable Lunar Commerce
An increase in lunar exploration would not by necessity mean an increase
in lunar commerce. Although private companies certainly played a role
and earned revenues during the first era of lunar exploration, one would not
really say that that era resulted in any lunar commerce whatsoever. For
such commerce to emerge requires both that there is a reasonable base of
customers for lunar commerce and related products, and that commercial
entities can compete effectively against their non-commercial counterparts,
the government-backed ‘competition’ against these business cases.

Strengths of Commercial Lunar Exploration Firms
As discussed above, the strengths of the government-funded missions that
dominated both the first era of lunar exploration and the subsequent
interstitial period were their scope and complexity. After an initial foray of
relatively simple trailblazer missions, the early lunar pioneers packed an
enormous amount of instrumentation and capability into each spacecraft,
culminating in the crewed Apollo missions – which can lay a plausible
claim to being the among the most complex undertakings of all time. This
standard of large and complex has proven to work well with the realities of
governmental funding cycles: taxpayer support for lunar or planetary
missions only comes around every so often, so space agencies and the
scientists and engineers who lead individual missions are incentivized to
load the maximum amount of capabilities into each such opportunity.
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Commercial enterprises are unlikely to compete with governmental
missions where the governments are strong because it is highly unlikely
that any company that did so would succeed, at least in the short term.
Instead, companies are expected to fill in new market niches and to develop
capabilities and prices that are complementary to, rather than competitive
with, their government counterparts. Where government missions are
large, extraordinarily capable, and relatively infrequent, commercial
missions are likely to trend to the opposite end of the spectrum: agile,
frequent, and specialized.

New Markets for Lunar Commerce
These strengths will make commercial capabilities for lunar exploration
appealing to a broad variety of new customers. Given both the wealth of
research opportunities available to scientists and engineers who have
affordable access to the Moon and similar environments, and the high
levels of prestige associated with such exploration, it is highly likely that
non-space faring nations will become customers for lunar services at the
correct price point – something that is not yet qualitatively known, but
which is almost certainly at least one order of magnitude lower than the
costs for lunar missions conducted to date.
Less wealthy nations and smaller space agencies have already
displayed a predilection for undertaking Earth-orbiting satellite missions
for similar reasons, demonstrating their interest and willingness to
undertake space missions for both science and prestige when such missions
can be conducted affordably, and the historic scarcity of lunar missions will
only increase their prestige, and therefore the extent to which they are in
demand, in the near term.
Nations need not be the only group to do so; if the price of placing a
small instrument in lunar orbit or on the Moon’s surface begins to approach
some of the other exotic equipment or campaign costs now relatively
common in academia, such as field work in Antarctica, equipping a new
professor’s chemistry lab, purchasing a gene sequencer, et cetera – it is
easy to imagine some of those funds being allocated to lunar science and
commerce.
Additionally, as those prices break out of their historic metastability,
it’s highly likely new markets totally unlike anything seen to date will
emerge. Companies such as the Google Lunar X PRIZE teams are already
pursuing and finding success in such radically new markets, including
everything from the carrying of human ashes for a ‘burial’ on the Moon to
a wide variety of entertainment options to be sold via subscription or
underwritten by corporate sponsors.
Ego money, as mentioned above, may allow sales of components that
have otherwise fulfilled their mission, as was demonstrated when video
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game pioneer and second generation astronaut Richard Garriott purchased
the ‘deed’ to the Soviet Lunokhod 2 lander. Some of these revenue streams
may not be sustainable in the long run, as their value is at least partially a
result of their unique and unprecedented nature; but other revenue streams
are likely to emerge once the early adopters prove the feasibility and
reliability of such missions.
Although these new markets bring exciting potential, it is likely that
in the short term, at least, they will be secondary to markets built upon
serving more traditional players, the major space agencies of the world and
the large firms who supply them. A striking amount of room for
innovation exists in this space as well, but several possible lines of business
with these customers can be anticipated:


Access to the lunar surface has been incredibly rare. Private
companies that can provide such access – full lunar delivery
services – with reliable frequency and at a tolerable price will
likely find a healthy list of customers. A number of payloads
already exist as candidates for such delivery, having been
orphaned by cancelled missions or been left over as spares or
prototypes of payloads that have flown on other spacecraft, such
as the flight spares of the optical microscope, the wet chemistry
lab, and the robotic arm created to fly on NASA’s Mars Phoenix
spacecraft. Depending on the price point, other payloads may
well emerge or be specifically develop to take advantage of a
‘Lunar U-Haul’ service. Space agencies large and small are
likely customers, and by building upon the models shown
through programs such as NASA’s Stand Alone Missions of
Opportunity Notice (SALMON) and Commercial Reusable
Suborbital Research Program (CRuSR), space agencies could
fund academic labs and other groups looking to take advantage
of this one-way delivery service.



In the space industry, ‘heritage hardware’ is big business. Given
the high costs associated with the failure of space missions,
mission designers are reluctant to incorporate new systems or
new components into their plans, even when such new elements
carry substantial rewards. Because of this reluctance, progress is
often slowed or altogether impeded; when a proven piece of
hardware can fulfill the minimum mission requirements, the
incentive to take the risk on an unknown quantity is low. If
commercial lunar providers are able to offer a low cost, low risk
mechanism to demonstrate the functionality and performance
characteristics of these unproven elements in space and even on
the lunar surface, they stand poised to reap the benefits either
through the direct sales of these elements or through fees they
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collect from their developers via delivery or operational
expenses. Space agencies are likely to be customers for such
services, and traditional aerospace contractors should be
important customers as well, as they seek to prove out hardware
and to differentiate themselves from their peers as they bid on
large contracts, including those too large for these new lunar
companies.


Given the relative infrequency of government funded planetary
exploration missions, and the even lower frequency of missions
that make it to the surface of other bodies, rather than orbiting
around them, the selection of landing sites is extremely
important. Before every mission, large teams of scientists scour
the available data and haggle over the optimal landing site,
always aware that they need to trade off the quality of the data
expected at a given landing site with the danger and difficulty
associated with landing and performing there. Often, the
attractiveness of a site is inversely related to the ease with which
missions can land there, so the balancing act can be a difficult
one. With the advent of relatively inexpensive commercial lunar
capabilities, these teams will have the option of commissioning
one or more low cost missions using disposable robotic explorers
to venture to their top candidate landing sites to pave the way for
the more capable and expensive government funded missions
that will come later.



The markets shown in Table 1 below have often been based on
the assumption that private companies will largely serve as
passive delivery vehicles for hardware and components built by
their customers. Another class of companies in this emerging
niche will likely take a different tact: selling data transmitted
back from the Moon, rather than physical items carried to it. In
most cases, this will involve an additional layer of complexity for
the lunar enterprise itself, as it seeks to develop and operate the
sensors. However, this decision carries an upside, as the
resulting data can potentially be sold to multiple customers, or
monetized in other ways that are unavailable to companies in a
more traditional transportation business such as fixed-term usage
agreements or subscription based services.

Many of these market niches share the common theme of allowing
space agencies and similar players to manage the risk associated with their
currently-planned and future missions. Indeed, the hopes for near term
success for many of these lunar entrepreneurs lies in enabling government
space agencies to do more with relatively fixed amounts of money, rather
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than poaching funding away from the space agencies. In this sense,
commercial industry and government-backed planetary exploration
missions are expected to have a relationship that is complementary, rather
than competitive. NASA has already begun taking a lead on studying how
best to benefit from new commercial capabilities, commissioning an
inventory of existing ‘orphaned’ equipment and assessments of other
capabilities likely to align with NASA’s mission.

The Size of Lunar Markets
The commercial lunar industry is still immature, and very few existence
proofs exist that can be used to extrapolate total market caps. However, a
study performed by the Futron Corporation in early 2009, drawing from
interviews with Google Lunar X PRIZE teams, venture capitalists, and
NASA officials, provided the firmest numbers available to date, as shown
in Table 1 on the facing page.

Beyond the Moon – Near Earth Objects
In this emerging new marketplace, lunar exploration is likely to be both
more developed – on a relative scale – and more likely to pay near-term
dividends than exploration to other destinations further from the Earth’s
surface than geostationary orbit. Recent trends, including the Google
Lunar X PRIZE, have spurred such activity all across the globe, including
some lines of business, such as payload slot sales, that are already
generating revenues. However, the Moon is not the only destination open
to commerce.
Near Earth Objects, including asteroids and comets whose natural
orbit brings them into Earth’s general vicinity, are scientifically interesting
bodies that have been the target of numerous recent government-funded
missions. The threat of potential impacts provides an additional imperative
to learn more about these objects, and observing them from close
proximity, or even landing on their surfaces, offers the best way to harvest
the data that we need to understand them.
For commercial enterprises, an even more compelling reason may at
some point drive large volumes of business: minerals. Asteroids in the
Iron-Nickel family may prove to be treasure troves for companies looking
to harvest materials that could be used in space, or potentially even on
Earth. The frozen water that makes up much of the mass of comets might
be useful for the same reasons that lunar water is so hotly coveted. Of
course, the value of both of these is highly dependent on the regulatory
stance that will emerge from both existing treaties and, in all likelihood, a
new legal canon regarding property rights off-planet.
However, it is
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feasible that both governments and corporations will have a sizeable
incentive to come to satisfactory agreements regarding the legality of
ownership of spaceport minerals, et cetera, in the near future.
Market

Estimated Market Size
(2011-2019)

Full-vehicle / full-mission sales to
governments

US$700,000,000

Payload and data delivery
services for governments

US$200,000,000 US$400,000,000

Sales to the private sector,
including individuals

US$30,000,000 US$160,000,000

Entertainment

US$10,000,000 US$100,000,000

Sponsorship

US$50,000,000 US$100,000,000

Technology sales and licensing

US$10,000,000 US$100,000,000

TOTAL

US$1,000,000,000 US$1,560,000,000

Table 1
Although further data are needed to project the size of lunar markets
with greater fidelity, a market size analysis conducted by the Futron
Corporation provides the first solid estimates of the potential size of
the markets that will be opened and filled by the emerging cadre of
lunar service providers. Several of the Google Lunar X PRIZE
teams, each of which is drawing upon proprietary business plans,
have commented that the Futron study, while a useful yardstick,
likely underestimates some of these markets, especially ‘technology
sales and licensing’ and ‘payload and data delivery services for
governments.’
Source: Futron Corporation

Regardless of the property debate, it is likely that industry will turn
its eyes towards these Near Earth Objects in the relatively near future.
Many of the market opportunities open to companies able to visit the Moon
will be repeated for these asteroids and comets. Perhaps the companies that
emerge as successful on the lunar frontier will be the first to expand to
Near Earth Objects, though it is also quite possible that new companies will
emerge that are focused from the start on these destinations.
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Conclusion
Fictional entrepreneurs like Jules Verne’s Impey Barbicane (From the
Earth to the Moon) and Robert Heinlein’s D.D. Harriman (The Man Who
Sold the Moon) have long been imagined to focus their sights on the Moon
as means to make a healthy profit, but reality has not yet borne out those
dreams. Although the Moon occupied the attention of the world during the
impressive first era of lunar exploration – highlighted by the astronaut
sorties on the lunar surface through the USA’s Apollo program – it did so
only thanks to the support of direct government funding. Commerce has
not yet taken a foothold on our celestial neighbor.
However, a new day is dawning for lunar exploration. Unlike its
counterpart of the 1960s and 1970s, ‘Moon 2.0’ is shaping up to be
international, sustainable, and participatory in its nature – and many private
companies from all around the world are seeing ways in which they can
generate profits from the exploration of the Moon. With a variety of
revenue streams from prize money and sponsorship to the proving of new
hardware components and the scouting of future landing sites, these
companies are using new methods to build a broad range of systems meant
to go to lunar orbit and even down to the surface of the Moon.
In all likelihood, these companies will exist in symbiosis with
government space agencies, many of which have the Moon firmly in their
own sights for their exploration programs. By developing strengths and
capabilities that complement, rather than competing against those
developed by civil servants and the traditional contractor base, these new
companies are opening a new market niche. Though projections are still
preliminary, there are likely to be billions of US dollars in revenues to be
earned over the course of the next decade for companies that can
demonstrate success.
Should these predictions prove accurate, the sphere of human
economic influence will have expanded greatly, and the period of
metastability in the price of lunar exploration will have been broken. Other
destinations, including asteroids and comets may prove worthy. But for
now, the Moon stands poised as a lucrative and tempting financial,
scientific, and exploration frontier – calling out to real world businessmen,
just as it has to dreamers and poets for centuries.
•••
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POST SCRIPT
Just before this book went to press, NASA announced the creation of the
Innovative Lunar Demonstrations Data (ILDD) program. Managed at the
Johnson Space Center, ILDD will allow NASA to spend as much as US
$30.1M purchasing data pertinent to small, low cost missions to the lunar
surface. Specifically, NASA is offering firm-fixed price, indefinitedelivery/indefinite-quantity contracts to purchase “data associated with the
design and demonstration of an end-to-end lunar landing mission
including: hardware design, development, and testing; ground operations
and integration; launch, trajectory correction maneuvers, and lunar
braking burn; lunar landing; and other enhanced capabilities.”
With individual firms eligible to earn as much as $10.1M, this
program will provide a much appreciated flow of capital to companies such
as the Google Lunar X PRIZE teams that are developing the capacity to
conduct or support lunar surface missions. Perhaps more importantly, this
new program sends a clear signal to both these companies and their
potential investors that, regardless of whether NASA maintains its current
exploration plan of record or adapts new exploration missions such as those
proposed by President Obama, NASA recognizes the valuable insight that
private companies can provide into emerging technologies and systems that
will benefit NASA as it develops its own plans to explore the solar system,
and further, NASA is ready and willing to become a customer of
commercial lunar services. The first awards under this program are
anticipated in September or October of 2010, with further payments
expected over the following two or three years.
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