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M A T T H E W  C .  W E I N Z I E R L  

K Y L I E  L U C A S  

M E H A K  S A R A N G  

SpaceX, Economies of Scale, and a Revolution in 
Space Access 

On the afternoon of February 6, 2018, Space Exploration Technologies’ (SpaceX) Falcon Heavy 
launched from the historic Kennedy Space Center in Cape Canaveral, Florida. At an altitude of 115 km, 
the rocket fairing separated from the main stage and deployed a cherry red Tesla Roadster into orbit 
with a dummy dubbed “Starman” in the driver’s seat and David Bowie’s “Space Oddity” on the radio. 
The launch was a spectacle: some 100,000 people had traveled to Cape Canaveral to watch alongside 
SpaceX’s founder and CEO, Elon Musk, and 2.3 million viewers tuned into the livestream on YouTube, 
making it the second most-viewed livestream in the platform’s history.1 

In the mission control room of SpaceX’s headquarters in Hawthorne, California, President and COO 
Gwynne Shotwell pumped her fists in the air as she celebrated, knowing the SpaceX team was one step 
closer to their ultimate goal: putting humans on the surface of Mars. Seven years earlier, Falcon Heavy 
had been only a model rocket, carried around largely empty conference rooms in Washington D.C. by 
Musk as he shared his dream of “making human life multiplanetary”. Believing that the settlement of 
Mars would be a “positive, constructive, inspirational goal [capable of] uniting humanity at a critical 
time”, he had proposed a $20 million “Mars Oasis” project that would launch a robotic lander to Mars 
by 2005 with a mini-greenhouse onboard.2 But Musk’s Mars Oasis plan failed. The limiting factor? The 
astronomical cost of launching a rocket to orbit. And thus was born SpaceX, as Musk saw an 
opportunity to shake up the launch industry and build his own ride to space.  

With Elon Musk’s vision and Gwynne Shotwell’s deft leadership, SpaceX had transformed the 
commercial space industry in a single decade. It developed a line of rockets that cut costs to orbit by a 
factor of 18 and captured 30% of the commercial launch market. Falcon Heavy, capable of delivering 
63,500 kg to low Earth orbit (LEO) or 17,000 kg to Mars, was the most powerful operational rocket in 
the world and larger than any launched from U.S. soil since the Saturn V in 1973.3 Moreover, prices for 
a Falcon Heavy launch started as low as $90 million, less than a third of the price of its closest 
competitor.4  
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In 2019, after SpaceX’s remarkable decade, Musk’s original goal to reach Mars seemed both within 
reach and impossibly optimistic. Falcon Heavy’s launch proved that SpaceX possessed heavy-lift 
capabilities, a technology that would be critical in supporting a crewed mission to Mars. But a 2014 
NASA study put the cost of a human mission to Mars at $220 billion, while SpaceX’s revenues from 
launch were just $2 billion in 2018. Where would the funding for a Mars Mission come from? As Musk 
mused in 2008, “[reaching orbit] is normally a country thing, not a company thing.”5 Would there be 
enough demand for launch services to make Elon Musk’s vision a possibility, or would SpaceX have 
to find other ways to get there? 

History of the U.S. Commercial Launch Industry 

The Soviet Union’s launch of the first orbital satellite, Sputnik 1, in 1957, called into question U.S. 
technological capabilities, and the business of launching rockets was born as part of the Space Race. In 
response to Sputnik, Senate Majority Leader (and future President) Lyndon B. Johnson chaired a series 
of congressional hearings which found that a substantial reorganization of the U.S. space program was 
needed to ensure American competitiveness. President Dwight D. Eisenhower suggested forming a 
civilian space program, the National Aeronautics and Space Administration (NASA) from the existing 
National Advisory Committee on Aeronautics (NACA). Congress passed the National Aeronautics and 
Space Act to establish NASA with the stated purpose of “provid[ing] for research into the problems of 
flight within and outside the Earth’s atmosphere, and for other purposes.” The act was signed into law 
by President Eisenhower on July 29, 1958.6 

NASA and the Soviet Union soon competed to achieve human spaceflight. Yuri Gagarin, a Soviet 
cosmonaut, became the first human in space on April 12, 1961 just weeks before Alan Shepard 
completed a suborbital flight as part of NASA’s Project Mercury.7 NASA accelerated its efforts in the 
following years with Project Gemini and the Apollo Program, developing capabilities in a crescendo 
that culminated with astronauts Neil Armstrong and Buzz Aldrin becoming the first humans to land 
on the Moon in 1969. While a remarkable feat of engineering and policy, the Moon landing was in some 
ways an end rather than a starting point for the space program, as demand for lunar launches was 
short lived, and the last manned lunar flight took place in 1972.8 

After Apollo, in a decision fateful for the nascent launch industry, NASA chose the partially 
reusable Space Transportation System (or Space Shuttle) as its next mission priority. In the 1970s, 
companies had built Expendable Launch Vehicles (ELV) that, under contract with NASA and the 
Department of Defense (DOD), provided launch services for commercial and national security 
satellites. But the DOD and National Reconnaissance Organization (NRO) were instructed that, once 
the Shuttle began launching, defense payloads would be flown solely on it, and by the late 1970s the 
ELVs were completely phased out. Granting a monopoly on launch to the Shuttle was meant to spread 
its high fixed costs across enough missions to make it cost-effective,9 but this decision was widely 
criticized for disadvantaging commercial players.  

While the Shuttle loomed large over the next two decades, policymakers sought ways sustain a 
commercial launch industry that could supply the rapidly growing market of commercial 
communication and national security reconnaissance satellites. President Ronald Reagan bolstered the 
ELV market with NSDD 94 in May 16, 1983, stating that the “U.S. Government fully endorses and will 
facilitate the commercialization of U.S. Expendable Launch Vehicles”. Congress affirmed and 
expanded these actions through the Commercial Space Launch Act in October 30, 1984.10 A decade 
later, the DOD announced the Evolved Expendable Launch Vehicle (EELV) program to encourage 
development of new launch capabilities and establish a system for procurement of launch services.  Do 
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In response, the industry demonstrated remarkable achievements. In 1989, Space Service, Inc. 
became the first U.S.-licensed commercial launch with a suborbital mission, and McDonnell Douglas 
used a Delta I launch vehicle to become the first U.S.-licensed commercial orbital launch later that year. 
Over these decades, four ELVs would be available from private manufacturers: Titan, built by Martin 
Marietta; Atlas, built by General Dynamics; Delta, built by McDonnell Douglas (now Boeing); and 
Scout, built by LTV Aerospace Corporation.11  

In 2003, a second shuttle disaster (Columbia) pushed policymakers and NASA to consider a broader 
mandate for commercial launch providers. The shuttle program would be cancelled in 2010, after 
which the U.S. would be unable to transport astronauts to the ISS from U.S. territory, instead relying 
on Russian Soyuz rockets. The Commercial Space Transportation Act was passed in 2004, declaring: 

The United States Government is committed to encouraging and facilitating a viable 
U.S. commercial space transportation industry that supports U.S. space transportation 
goals, benefits the U.S. economy, and is internationally competitive. Toward that end, 
United States Government departments and agencies shall: … d) Refrain from conducting 
activities with commercial applications that preclude, deter, or compete with U.S. 
commercial space transportation activities, unless required by national security; e) 
Involve the U.S. private sector in the design and development of space transportation 
capabilities to meet United States Government needs.12 

At the time, the U.S. launch industry had become a duopoly (or monopoly), led by Boeing and 
Lockheed Martin’s joint venture United Launch Alliance (ULA). The two companies had vied for EELV 
dominance for years; Boeing with the Delta IV, and Lockheed Martin with the Atlas V. The fierce 
competition between the two came to a head in 2006, when Boeing was found to be in possession of 
confidential Lockheed Martin documents. Rather than pursue litigation, the competitors agreed to 
establish a 50-50 joint venture to serve the market. Thus, United Launch Alliance (ULA) was formed 
and enjoyed a monopoly on national security launches for more than a decade.13 From 2006 to 2013, 
ULA held fixed contracts with the U.S. military that totaled roughly $1 billion a year, regardless of how 
many rockets it launched. ULA had a stellar record, never losing a single payload, but costs began to 
soar. By 2014, the average cost of each launch offered by ULA had risen to roughly $420 million, and 
there were few other options for accessing space from U.S. soil.14  Meanwhile, countries such as Russia, 
India, China, and France had developed their own launch vehicles and were offering regular launch 
opportunities at much lower prices than ULA. In its fiscal year 2019 budget proposal, the Department 
of Defense asked for $2.4 billion in launch services spending alone.15 

Attempts to start new American rocket companies to challenge ULA had been largely unsuccessful. 
An early entrant to the arena in the early 2000s, Beal Aerospace Technologies, shut down operations 
just two years after entering. According to Andrew Beal, the CEO, “there will never be a private launch 
industry as long as NASA and the U.S. government choose and subsidize launch systems.”16  

But in an experiment that would prove important, in 2006 NASA had launched the Commercial 
Orbital Transportation System (COTS) program to subsidize the development of private launch 
vehicles for resupply missions to the ISS. COTS proved to be a dramatic success. In particular, it 
provided essential early financing for several nascent launch companies, including SpaceX.17 NASA 
projected its FY19 Space Transportation and Commercial LEO Development spending to be $2.1 billion 
and $150 million respectively (Exhibit 1).18 

Do 
Not

 C
op

y 
or

 P
os

t

This document is authorized for educator review use only by Deannah Blemur, Harvard Business School until May 2022. Copying or posting is an infringement of copyright. 
Permissions@hbsp.harvard.edu or 617.783.7860



SpaceX, Economies of Scale, and a Revolution in Space Access  720-027 

4 

Space Exploration Technologies (SpaceX) 
Elon Musk was born in Pretoria, South Africa in 1972, and was inspired at an early age by science 

fiction novels of Isaac Asimov to “try to take the set of actions that are likely to prolong civilization, 
minimize the probability of a dark age and reduce the length of a dark age if there is one.” He moved 
to the U.S. to complete his studies in economics and physics at the University of Pennsylvania. While 
Musk enrolled for a PhD in energy physics from Stanford, he dropped out of the program after only 
two days. Eventually, he went on to found X.Com, an online financial services and payment company, 
which later became PayPal. Due to disagreements with other PayPal executives, Musk was ousted as 
CEO in October of 2000. In 2002, eBay purchased PayPal for $1.5 billion, of which Musk received $180 
million for his 11.7% stake. 19 

After a near-death experience with a rare form of malaria in December 2000, Musk began to 
seriously pursue his interests in space. His first idea was the “Mars Oasis” plan, following what Musk 
thought of as the path to Mars: “[getting] the public enthusiastic about the possibility, then translat[ing] 
that into legislative pressure so that Congress hands us a Mars mandate.”20 To that end, Musk intended 
on using a Russian R-36 ICBM for the mission. But after meeting with Kosmotras, the commercial 
manufacturer of the rockets, he was laughed off when he was unable to procure the expected $21 
million for each rocket. On the flight home from the failed negotiations in Russia, Musk turned to his 
business partner, Jim Cantrell, and said, “I think we can build a rocket ourselves.”21 From there, the 
idea for SpaceX was born.  

Gwynne Shotwell, unlike Musk, had both little interest in space growing up and substantial 
experience in the space industry. Her first job out of college was in Chrysler Corporation’s new 
graduate training program, and she earned her master’s degrees in Mechanical Engineering and 
Applied Mathematics from Northwestern University in 1987. But then Shotwell spent a decade at The 
Aerospace Corporation (a federally funded research and development center) in space systems 
engineering and project management, and then became Director of Space Systems at Microcosm, a 
manufacturer of affordable, small launch vehicles. Just after SpaceX’s founding in 2002, Shotwell was 
introduced to Musk by a former Microcosm employee. Shotwell joined SpaceX and became VP of 
Business Development that September. Her oversight of government relations helped SpaceX clinch a 
key contract under the COTS program to develop and deliver transportation to the ISS in 2006. In 2008, 
Shotwell was promoted to President and COO. 

Challenging the Stronghold on Commercial Launch 

Breaking into the U.S. commercial launch market would be no easy feat, but Musk believed that the 
entrenched duopoly which relied on government contracts to survive had stifled innovation in the 
industry, leading to unnecessarily high launch costs. He identified three areas where cost-savings could 
be achieved. 

Reusability Following the end of the Space Shuttle and the beginning of the EELV program, 
designing reusable rockets was no longer a priority. Musk reasoned that “throwing away multimillion-
dollar rocket stages after every flight makes no more sense than chucking away a 747 after every 
flight.”22 To Musk, reusability would be a key lever in generating commercial activity in the industry 
since, “the reason there is low demand for spaceflight is because it’s ridiculously expensive…the 
problem is that rockets are not reusable.”23 

Reliability without over-engineering Launch vehicles tended to be intentionally over-engineered, 
in part because reliability was a much greater priority than cost for defense payloads. “What the EELV 
program does is launch national reconnaissance satellites that cost billions of dollars a pop,” explained Do 
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former NASA associate administrator Alan Stern. “[Defense department customers] don’t care whether 
[the launch cost] is $100 million or $300 million; it’s in the noise. What they want is a guarantee it’s 
going to work.”24 Musk believed the assumption that cost was tied to reliability was false, “Many times 
we’ve been asked, if you reduce the cost, don’t you reduce reliability? This is completely ridiculous. A 
Ferrari is a very expensive car. It is not reliable. But I would bet you 1,000-to-1 that if you bought a 
Honda Civic that that sucker will not break down in the first year of operation. You can have a cheap 
car that’s reliable, and the same applies to rockets.”25 

Vertical Integration According to Harry Jones, a research analyst at NASA, ULA had “hundreds 
of subcontractors that have dozens of facilities spread all over the country, which [was] a political 
necessity for a government funded jobs program.”26 ULA’s Atlas V used three different kinds of rockets 
tailored to a specific phase of flight. While the use of three rockets in the same vehicle could optimize 
performance, as Musk remarked, such a system was highly costly, “to a first-order approximation, 
you’ve just tripled your factory costs and all your operational costs.”27 

Musk was convinced that by pursuing reusability, reusability without over-engineering, and 
vertical integration “SpaceX has the potential of saving the U.S. government $1 billion a year. We are 
opposed to creating an entrenched monopoly with no realistic means for anyone to compete.”28 In a 
series of lawsuits against the DOD, Musk argued that defense contracts didn’t allow for fair 
competition, and he attempted to halt the formation of the ULA joint venture. However, he knew his 
best argument would be to achieve the cost savings that he promised. 

SpaceX’s Solutions and Product Development 

Falcon 1 

SpaceX’s first launch vehicle was the Falcon 1, a reference to the Star Wars franchise’s Millennium 
Falcon. SpaceX designed and built the Merlin 1A kerosene liquid oxygen engine for the vehicle’s first 
stage. With a single Merlin engine, the vehicle was able to launch small satellites up to 470 kg into LEO 
(Exhibit 3).  The first stage was intended to be reusable if recovered after a successful launch.  

SpaceX experienced its share of failures and setbacks early on with the Falcon 1. The vehicle’s first 
launch took place in March 2006 from the Marshall Islands and was intended to place a U.S. Air Force 
Academy payload into LEO, but the rocket crashed into a reef less than a minute after launch due to a 
first stage plumbing failure.  The second launch attempt was in March 2007. While the Falcon 1’s first 
stage performed as expected, a problem during the rocket’s first and second stage separation led to the 
mission’s failure. SpaceX would state that “although short of complete success, a significant majority 
of mission objectives were met from both a programmatic and technical perspectives.”  After these two 
failures, SpaceX would upgrade the Falcon 1’s first stage engine to the improved Merlin 1C. The third 
Falcon 1 launch, in August 2008, again ended in failure after the first stage effectively rear-ended the 
second stage. After three consecutive failures, Falcon 1 at last successfully launched a dummy payload 
to orbit in September 2008.  

At this point, competitors were highly skeptical of the bold claims made by the company as it 
struggled to successfully reach orbit. The “big players” dismissed SpaceX, with the head of 
communications for Boeing remarking that, “for SpaceX to be considered a potential competitor they 
need to have a launch.”29 In those early days, SpaceX was entirely expected to fail. John Pike, a space 
policy analyst noted that it was the nature of the business, “this is an enormously difficult business to 
make money in. The best way to make a small fortune in space is to start out with a large one. New Do 
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rocket science has a high mortality rate, and we don’t know what [Musk’s] got his hands on until he’s 
flown it a half-dozen times.”30 

Internally, SpaceX employees and executives were less concerned. Senior design engineer at 
SpaceX, Kevin Brogan, noted, “There’s a silly notion that failure’s not an option at NASA. Failure is an 
option here. If things are not failing, you are not innovating enough. The first time we had a major 
engine failure Elon was kind of excited. It gave him some street cred.” Told this story later, Musk 
replied, “If I had the option of not having it blow up, I’d rather not,” he says. “But it was pretty cool.”31 

On the Falcon 1’s fifth and final launch in July 2009, SpaceX placed the Malaysian RazakSAT 
imaging satellite into LEO – its first successful launch of a commercial satellite. If that launch had failed, 
Musk had intended to shut the company down, but, as he later remarked, “fate liked us that day.”32 
SpaceX was able to begin work on upgraded versions of the vehicle, the Falcon 1e and the Falcon 5, but 
would ultimately never complete them as the company focused its efforts on development of its new 
rocket, the Falcon 9. The Falcon 1 reportedly cost SpaceX $90 million to develop.33 

Falcon 9 and NASA’s Commercial Crew and Cargo Programs 

Circumstances four years after SpaceX’s founding helped finance its progress. In January 2006, 
NASA announced the advent of the COTS program, challenging commercial partners to develop 
means for transporting crew and cargo to the ISS. COTS was designed as a cost-sharing program 
between NASA and commercial partners in which the partners were not paid a margin over reported 
costs, as in standard contracts, but rather received fixed amounts for achieving certain milestones. The 
Commercial Resupply Services (CRS) and Commercial Crew Development (CCDev) programs which 
followed COTS included ongoing cost-sharing elements as well as fixed price contracts meant to 
incentivize commercial partners to reduce costs while decreasing the risks from large upfront R&D 
investments. SpaceX would compete and win contracts with NASA under nearly every phase of COTS, 
CRS, and CCDev—collectively known as the Commercial Crew and Cargo Programs—from 2006 to 
2018, receiving over $5.2 billion from NASA (Exhibit 4). 

The first COTS contract was awarded to SpaceX in 2006, largely due to Gwynne Shotwell’s success 
in lobbying NASA. On winning the initial contract, Koenigsmann, SpaceX’s vice president for mission 
assurance later reflected, “[Gwynne] was selling stuff to NASA at a time when we had a little rocket 
on an island. That takes bravery and vision.”34  

SpaceX used this initial funding to begin work on the Falcon 9. The Falcon 9 would rely and improve 
on technology developed and tested for Falcon 1. This included the Merlin 1C engine, of which Falcon 
9 used nine, to enable medium and heavy payload launches. SpaceX stated that the Falcon 9 cost $300 
million to develop, but some argued that the Falcon 9 development costs should be considered closer 
to $390 million to include the investments made in creating Falcon 1. 

Falcon 9 became SpaceX’s workhorse vehicle, completing over 60 launches from 2010 through 2018, 
but not without setbacks. While the first stage of this first iteration, Falcon 9 v1.0, was potentially 
reusable, no reuses were attempted in the subsequent four Falcon 9 v1.0 launches. The Falcon 9 v1.1, 
featuring upgraded Merlin 1D engines, first launched in September 2013. This version reached 
geostationary transfer orbit (GTO), an orbit typically used as an intermediate orbit in placing larger 
satellites in GEO. Falcon 9 v1.1 also was used for more extensive testing of component recovery and 
for SpaceX’s first attempts to land a first stage on a drone ship in the Atlantic Ocean. In June 2015, the 
penultimate launch of the v1.1 (which was meant to carry cargo to the ISS as part of SpaceX’s 7th CRS 
mission) failed two minutes into the launch, when the rocket broke apart due to a defective strut. In an Do 
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industry that valued mission assurance, the failure called into question whether SpaceX could be relied 
on as a launch provider for expensive cargo and ultimately humans. 

With its December 2015 launch of the next iteration of the Falcon 9 (v1.2, also known as Falcon 9 
Full Throttle), SpaceX became the first group to successfully land an orbital class rocket, a major step 
toward reusability. Two years later, on March 30, 2017, the Falcon 9 v1.2 core number B1021.2 would 
become the first rocket to reach orbit twice. Again, with these successes came setbacks. In September 
2016, during pre-launch preparations, a rocket exploded on the launch pad. As a result, SpaceX delayed 
launches for several months, while it investigated the cause of the explosion (which was determined to 
have originated in an oxygen tank of the upper stage). Once again, industry members wondered 
whether SpaceX was pushing too hard, too fast.   

SpaceX would continue to make upgrades to the Falcon v1.2 in versions internally referred to as 
Block 4 and later Block 5, which had its maiden launch in May 2018. By this time, the Falcon 9 was 
capable of launching 22,800 kg to LEO or 5,300 kg to GTO and returning to Earth for reuse.  

Dragon 

SpaceX’s Dragon spacecraft was its first attempt at addressing the human spaceflight market. 
Through the Commercial Crew and Cargo Programs, SpaceX received $2.5 billion to develop the 
spacecraft for delivery of cargo and (later) crew to the ISS. The Dragon 1.0 was designed to carry up to 
6,000 kg of cargo to the ISS, while the Dragon Crew could accommodate up to seven astronauts. Both 
models would be reusable and fly atop the Falcon 9 rocket. The Dragon 1.0 had flown over fifteen times 
since its first flight in 2010. Dragon Crew, which SpaceX had initially hoped to have certified by NASA 
to fly humans in 2017, was expected to be certified sometime in 2019. Along with Dragon Crew, 
Boeing’s CST-100 Starliner spacecraft was being developed in parallel through the Commercial Crew 
Program, and it faced similar delays. SpaceX had also marketed Dragon for commercial use as a 
microgravity laboratory for companies interested in conducting experiments in space, though in early 
2019 SpaceX had yet to make public any sales of this Dragon Lab configuration. 

Falcon Heavy 

SpaceX would rely on learnings from Falcon 9 in developing its next rocket, the Falcon Heavy. 
Falcon Heavy used three cores from the Falcon 9’s first stage to create significantly larger launch 
capabilities, up to 63,800 kg to LEO or 8,000 kg to GTO when planned for reuse. SpaceX wrote of the 
Falcon Heavy’s development that it “was designed from the outset to carry humans into space and 
[restore] the possibility of flying missions with crew to the Moon or Mars”.35  Falcon Heavy launched 
for the first time on February 6, 2018. Though this launch carried only a dummy payload, Falcon 
Heavy’s potential implications for the heavy launch market became clear as commercial customers 
gradually signed on to the world’s most powerful rocket’s ride to space. Industry journalist Eric Berger 
also noted “the significance of this larger rocket, powered in part by reused Falcon 9 cores, is that it can 
hit all nine of the Department of Defense’s reference orbits for missions. This effectively means that 
there are now no military missions that a ‘reusable rocket’ cannot reach.”36   

Starship 

Initially dubbed the B.F.R., Starship was designed to be a “Mars Colonial Transporter” or, more 
formally, the “Interplanetary Transport System”. The largest rocket in the fleet with a diameter of 
nearly 30 feet, the vehicle would have the ability to carry crew and cargo to Earth orbit, the Moon, Mars 
and beyond on a fully reusable transportation system. On those missions, it would be capable of 
carrying more than 100 metric tons to Earth orbit or 100 people to Mars. Although still in development Do 
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by mid-2019, Musk laid out an ambitious timeline for launching the vehicle, targeting a crewed launch 
by 2020.37  

SpaceX’s Success and Economies of Scale 
As SpaceX’s launch capabilities grew, so too did its market share. In 2013, SpaceX captured just 

under 10% of the global commercial launch market share. By 2018, that reached over 60%.38  SpaceX 
effectively displaced all but two commercial launch competitors, ILS (based in Russia) and Arianespace 
(Europe) from the market, and it was gradually eroding their market share as well. By 2018, SpaceX 
had attained nearly two thirds of the global commercial launch market.  It was able to achieve this 
impressive market share not only by developing reliable launch capabilities, but also by offering 
significantly lower prices than the competition (Exhibit 5a). A chart of launch costs per kg over time 
showed, in fact, how SpaceX had succeeded in reducing launch costs by an order of magnitude in just 
over a decade, thereby playing a key role in driving costs down by two orders of magnitude since the 
early days of the shuttle. (Exhibit 5b) 

Several factors contributed to SpaceX’s ability to undercut its competitors’ launch prices, but most 
came back to its achieving economies of scale, a persistent feature of the launch market.  

Economies (and diseconomies) of scale The phrase “economies of scale” refers, roughly, to 
the idea that a producer can gain an (average) cost advantage over competitors by increasing the 
amount it produces. Average costs of production equal the sum of fixed costs (which do not rely on the 
amount of production) and variable costs (or “marginal” costs of actual production). If variable costs 
are declining, constant, or rising slowly enough with output, average costs may fall with the amount 
of output: that is, production may exhibit economies of scale.  

This seemingly straightforward idea is in fact complicated by a number of factors. The separation 
of costs into fixed and variable requires an assignment of upfront costs to particular products, when in 
reality most fixed costs in firms support the production of multiple products (especially over time). 
Related, the bucketing of products can matter substantially for the calculation of economies of scale: a 
suite of products may enjoy scale economies unobtainable by any one component product, but how 
are the boundaries of such a suite defined? Perhaps most complicated, the economies of scale that apply 
to a given product at a given point in time—using a given state of technology—may be of limited 
relevance to an industry in which innovation rapidly changes the competitive landscape.  

Despite the theoretical complications involved in defining and identifying economies of scale, in 
practice they are a powerful force in markets. Most important, economies of scale naturally lead to 
market power, as the producer or producers who reach greater levels of production will enjoy lower 
costs and, therefore, entrench their competitive positions.  The same economies of scale can 
substantially benefit purchasers, as the lower costs they bring make way for lower prices, but 
regulation is often used to ensure that the producers “at scale” do not claim all of the potential benefit. 
A particularly clear case of this interaction is with so-called “natural monopolies” such as utilities, 
where economies of scale are so dominant a force that the most efficient—that is, the lowest cost-of-
production—market structure is a monopoly. Typically, as in the case of local water or power 
provision, governments oversee public utilities that produce these products at low marginal (and 
average) cost for all customers and face substantial limits on their pricing decisions.  

Scale does not always bring benefits, however. Economists use the term “diseconomies of scale” to 
identify factors that cause increases in the amount of production to raise average costs. Typically, these 
diseconomies do not include the standard rising cost of inputs that scale often produces. Rather, the Do 
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idea behind diseconomies of scale is that increased production requires investment in new supportive 
infrastructure, introduces costly complexity, and stretches scarce resources (such as management 
talent) so far as to detract from efficiency. A striking example of such diseconomies is the dysfunction 
of centrally planned economies such as the Soviet Union in the latter half of the twentieth century. 
There, the burden and complexity of managing an entire nation eventually led to declining 
competitiveness and standards of living. More prosaically, large corporations were often criticized for 
spreading themselves too thin, as in a 2018 New York Times piece, “In 2018, then, mergers, demergers 
and partnerships have continued to remix the world of business. And, for the first time in a while, there 
were also early glimmers that corporate America is realizing that bigger isn’t always better.39” 

SpaceX’s path to scale SpaceX’s key strategy to achieve economies of scale was its embrace of 
reusability. While the notion of rocket reusability was not new to the industry, SpaceX took the concept 
to new levels and put it at the center of its business model. According to SpaceX, the fuel costs of a Falcon 
9 launch were only $200,000, while the majority of total launch costs were due to the costs of building the 
vehicle.40 Musk estimated 60% of the Falcon 9’s marginal cost came from the first stage, 20% from the 
second stage, and 20% from the fairing and costs associated with launch.41 Therefore, starting with the 
first stage, and ultimately developing a fully reusable launch vehicle, SpaceX could dramatically cut 
down on the cost of producing new rockets. On the other hand, reusability imposed new costs: R&D to 
establish vertical landing capabilities, operating expenses to recover spacecraft and fairings, and 
refurbishment efforts between launches. To make reusability profitable, SpaceX had to have enough 
demand to spread these new costs – and of course the fixed costs of building the vehicle - across enough 
customers and launches. Developing vehicles like Falcon Heavy allowed the company to pack a large 
number of payloads into a single rocket. 

SpaceX, like all firms in the launch market, sought to take advantage of a virtuous cycle in which 
growth led to cost reductions and, thus, more growth through lower prices. Such a cycle could operate 
for multiple companies, if lower costs drove increased demand, or—if market size remained limited—
for only those companies that gained market share. Shotwell noted that the launch market appeared to 
be closer to the latter case than the former, at least in 2018 and likely until human spaceflight became 
routine: “So obviously, the market has to grow a bit. We launched 18 times in 2017, served the market. 
As I said, in 2018 we’ll launch just under 30, serving the market. And we’re doing probably 60% of the 
launches across the globe, so in order to launch every day you have to have a lot more launches. And 
I think once we’re flying people that could actually be realized.”42  

To take advantage of this virtuous cycle, SpaceX generated an initial cost advantage by leveraging 
the change in government contracting that came with the COTS program. ULA, Boeing, Lockheed 
Martin and other legacy contractors had argued that the pre-COTS cost-plus contracts were 
appropriate in a sector that required firms to make upfront R&D expenditures on products with 
limited, or at best uncertain, commercial viability. However valid that argument was, cost-plus 
contracts also diminished companies’ incentives to lower costs and improve efficiency. As budget 
pressure and dissatisfaction with the Shuttle mounted in the 2000s, NASA experimented with fixed 
price contracts under COTS, rewarding companies that were able to lower their costs and thus bid for 
lower fixed fees and nevertheless sustain profit margins.  

The switch in contracting was viewed as a key component in the remarkable cost savings achieved 
under COTS and its successors. As expert Edgar Zapata explained in “An Assessment of Cost 
Improvements in the NASA COTS/CRS Program and Implications for Future NASA Missions”43,  
NASA’s estimates were that the SpaceX ISS resupply missions cost one-third what a conventional 
program would have cost. Similarly, when NASA investigated SpaceX’s 2010 estimates that Falcon 9 
development costs would be $300 million, it verified that the company was fundamentally changing Do 
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the economics of launch. NASA’s initial study determined that if NASA had attempted to develop the 
Falcon 9, it would have cost $4 billion.44 Even when NASA assumed a more commercial scenario, it 
estimated a cost of $1.7 billion.45 Unable to account for the remaining $1.4 billion cost reduction, NASA 
visited SpaceX’s facilities to gather more information and revise its inputs to the cost estimation model. 
Following its visit to SpaceX, NASA estimated the Falcon 9 would have cost $1.4 billion in a cost-plus 
contract model and $443 million in a firm fixed price model.46  

Several factors contributed to SpaceX’s cost efficiency, including the focus on reliability without 
over-engineering and vertical integration that had been part of Musk’s initial strategy of disruption. 
NASA’s analysis highlighted the importance of reducing redundant elements of vehicle design and 
learning from previous vehicles (e.g, Falcon 9 and Falcon 1). SpaceX itself emphasized its use of off-
the-shelf components and previously used, proven technologies wherever possible rather than 
developing new, custom built technology.47  At the same time, SpaceX was highly vertically integrated, 
unlike many other launch competitors, allowing them to eliminate transaction costs throughout the 
supply chain. SpaceX designed its Falcon rockets with commonality in mind. Both of Falcon 9’s stages 
are powered by RP1 and liquid oxygen, so only one type of engine is required. Both are the same 
diameter and are constructed from the same aluminum-lithium alloy, reducing the amount of tooling 
and the number of processes and resulting in what Musk calls “huge cost savings.” SpaceX estimated 
that subcontractor overhead and profits could result in a 3 to 5x increase in costs for every dollar sent 
out of the company.48  

Three additional factors were cited as helping to drive SpaceX’s cost containment: an intense work 
environment, organizational simplicity, and lean infrastructure.49 SpaceX’s workforce was smaller than 
its larger competitors, and both former employees and outsiders described it as a high-intensity 
workplace. SpaceX had a relatively flat organization with little overhead, and it used less infrastructure 
and higher machine utilization than competitors to lower its fixed costs. In short, SpaceX tried to do 
(and often seemed to succeed in doing) more with less, though critics warned that SpaceX’s demands 
on its employees “might blow up a team or set impossible expectations.”50 Nevertheless, as of early 
2019 SpaceX enjoyed a high employee rating on glassdoor.com (an online platform on which 
employees rate their employers) relative to competitors such as Blue Origin and ULA.  

Perhaps surprisingly, reusability did not play a large role in SpaceX’s cost competitiveness over 
these early years, as only a single Falcon 9 booster had been reused four times by 2019, far too little 
reuse to see significant cost savings. According to some sources, any projected cost savings from the 
reusable first stage of Falcon 9 would remain in the future and depend on a high cadence of launch. 

Funding a Mars Mission 

SpaceX hoped to continue building on its many successes--both technological and financial--in 
developing Starship. Shotwell remarked that funding Starship would rely on SpaceX “plowing our 
entire revenue stream back into our technology,”51 with Musk agreeing that, “if we can build a system 
(Starship) that cannibalizes our own products, makes our own products redundant, then all the 
resources I used for Falcon 1, 9, Heavy and Dragon can be applied to one system.” Musk estimated that 
the cost of development for Starship alone could reach two or three billion dollars.52 

Once Starship was developed, SpaceX would also have to fund the potential Mars mission. NASA 
estimated a crewed mission to Mars would cost no less than $200 billion (see Exhibit 6a,b), assuming 
the agency’s Space Launch System (SLS) and Orion module would be utilized. The non-profit Mars 
One, which “[aimed] to establish a permanent human settlement on Mars” brought the estimate closer 
to $6 billion.53 Developing a budget for such a feat appeared, in other words, to be a difficult task. Do 
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Regardless, SpaceX would have to find a way to pay for its mission while sustaining operations. When 
financial difficulties caused the company to cut 10% of its workforce in January 2019, Musk noted that 
projects like Starship “have bankrupted other organizations.”54  

Small Satellite Launch  

SpaceX’s main revenue source came from launching satellites into Earth orbit, the activity which 
not coincidentally made up the vast majority of global space revenues.55 Just over a decade after 
entering the market, SpaceX had become the leading launch provider, with revenues of $2 billion, and 
it had changed the economics of the satellite market.56 Notably, by packaging various payloads of 
different sizes together to send to space in “rideshares”, SpaceX was able to efficiently spread fixed 
costs across its product lines and multiple launches.  

As a result of SpaceX’s dramatic reduction in cost to low-Earth orbit, demand for launch increased, 
most significantly among small satellite owners and operators. These satellites were small enough (less 
than 500 kg) that once the majority of the Falcon 9 (with a capacity of 22,800 kg) had been filled with 
larger payloads, they could “piggyback” on a launch, filling up remaining space and enjoying low costs 
to orbit. 

Shortly after Falcon 9 became operational, the small satellite market saw a major boom, with a 23% 
compounded annual growth rate in 2009 to 2018. In 2017, these payloads made up 69% of total launches 
while only accounting for 4% of total mass. 

The greatest source of growth was the launch of large “constellations” or groups of small satellites. 
When operated in concert, small satellites achieved greater functionality, allowing for increased revisit 
times over areas on Earth or increased spatial resolution. Constellations for earth-imaging (such as 
Planet’s Dove) and satellite broadband (such as SpaceX’s Starlink) accounted for much of the demand 
in launch, as they included hundreds or even thousands of satellites.    

As the market for small satellites and constellations grew, the launch industry saw new entrants to the 
market, competing for SpaceX’s market share. Companies such as Vector and RocketLab began 
developing small launchers (with payload capacity under 1,000 kg), offering “dedicated” rides for 
small payloads. While SpaceX remained the most competitive in terms of price per kilogram to orbit 
(Exhibit 7), these dedicated small satellite launchers offered increased responsiveness.57 When 
purchasing a “rideshare” on a larger rocket, small satellite operators were beholden to the interests of 
the primary payload, often dealing with unpredictable schedules or compromising on desired orbit 
destinations. Small launchers could offer dedicated, predictable, bespoke orbit access. By 2019, there 
were an estimated 100 small launcher companies in development, some founded by former SpaceX 
employees.  

Some believed that the market for small launchers was overblown, jeopardizing the fate of new 
companies. Bryan Baldwin of the innovations department of Northrop Grumman reasoned that with 
the bulk of demand coming from constellations, “if you look at the number of satellites that they are 
putting up in these constellations, we see that as a market for the larger launch vehicles. Just by 
economies of scale, to put that many spacecraft up, it doesn’t fit well in the small launcher arena. I think 
you can do satellite replenishment and those types of things, but you are talking about a lot of satellites 
that — it’s just going to take bigger rockets to do that.”58 In the past, small satellites relied on medium 
(up to 7,000 kg to LEO) to light-lift (up to 1,500 kg to LEO) vehicles (Exhibit 8). The question was 
whether the demand could be met by existing vehicles like Falcon 9, or if small launchers would 
ultimately become a viable, or even preferable, option. Do 
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SpaceX took note of the competition offered by new launch companies, with Gwynne Shotwell 
remarking, “one should always be aware of competition…Boeing and Lockheed dismissed the 
competition that we could provide a decade or so ago because they thought we would never make 
it…and to their misfortune, actually.” SpaceX’s response was to begin the “SmallSat Rideshare 
Program” in 2019, offering dedicated launches for small satellites below 200 kg on a regular cadence 
for $1 million a mission. According to Darrell Etherington from TechCrunch, “this is a clever way to 
drum up more business for SpaceX. Based on all the conversations I’ve had with space tech startups 
and people working in the industry, the main cap right now on activities is securing launch services. 
By addressing this bottleneck, and doing so in a way that offers as much flexibility as you can when 
dealing with rocket launches, the company could potentially capture a lot more of the commercial 
space business revenue it’s currently leaving on the table.”59 

Clearly, for SpaceX, guarding its position in the small satellite launch market was a priority. Even 
without worrying about the threat from potential competitors, however, SpaceX would also have to 
rely on the sustained health of the satellite market. The current boom in launch could prove limited, as 
many constellations were projected to be fully deployed by the mid-2020s. EuroConsult predicted, for 
example, that market growth would peak in 2024 at 48%.60 Moreover, SpaceX had previously 
overestimated launch demand. In 2017, it forecast operating 30 to 40 launches per year in 2018. By the 
end of 2018, SpaceX had only launched 21 times, reaching a similar number towards the close of 2019. 
Looking back on those projections, Shotwell remarked, “We thought the commercial market might 
expand to that, I think we probably wished it had.”61  

Starlink and the Promise of Satellite Broadband 

In May of 2019, SpaceX launched 60 satellites into LEO, the first of the planned 12,000 that would 
make up its own megaconstellation, Starlink. Intended to be fully operational by 2027, Starlink would 
provide low latency, high bandwidth global broadband internet, targeting rural communities and 
populations with low connectivity. With Falcon 9 making launch affordable, developing a satellite 
constellation seemed to be the next logical, and potentially lucrative, step for Musk. By SpaceX’s own 
estimations, Starlink could eventually bring in revenues of $30 billion by 2025, far surpassing revenues 
from launch (Exhibit 9). 

By 2019, three other companies (Telesat, OneWeb, and Amazon’s Project Kuiper) had drawn up 
proposals for similar satellite broadband constellations, aiming to bring online the remaining four 
billion people without internet access and reduce lag times between distant locations. By using 
satellites for internet provision, these companies would avoid expensive ground-based infrastructure 
such as fiber-optic cables. Furthermore, bypassing physical infrastructure could significantly reduce 
lag, especially with satellites orbiting close to Earth in LEO utilizing laser communication, beaming 
data at nearly the speed of light. 

Even with all the fervor around satellite broadband, it was still unclear whether these new services 
would be as affordable or useful as expected. While not as complex as laying down fiber optic cables, 
developing ground stations to service the thousands of satellites that would encircle the globe could 
still end up costing customers more than traditional internet options. Beyond that, the benefits of these 
types of services were only dramatic for long-distance connections, while fiber optic cables would still 
provide higher speeds for short distances.62  

Furthermore, the demand for satellite internet was still unclear, with existing terrestrial broadband 
offering stiff competition. Matt Desch, CEO of Iridium, a satellite communication company that focuses 
on voice and data wondered, “is there enough demand in the world for all that capacity coming online Do 
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over the next 10 years? No one really knows. The investment markets are clearly concerned, which is 
why these new markets are being slow to be funded, at least by the public equity and debt markets.”63  

Human Transportation 

Another potential target market for SpaceX was human spaceflight, as Musk believed that—at the 
right price—there would be a viable market for travel to Mars: 

If you can reduce the cost of moving to Mars to around the cost of a middle-class home 
in California—maybe to around half a million dollars—then I think enough people would 
buy a ticket and move to Mars. You obviously have to have quite an appetite for risk and 
adventure. But there are seven billion people on Earth now, and there’ll be probably eight 
billion by the midpoint of the century. So even if one in a million people decided to do 
that, that’s still eight thousand people. And I think probably more than one in a million 
people will decide to do that.64 

UBS reports estimated space tourism could be worth about $3 billion by 2030 and eventually grow 
to an annual market of $20 billion, even competing with long-distance airline flights for point-to-point 
travel.65 Virgin Orbit and Blue Origin both intended to exploit this market with suborbital offerings, in 
addition to shuttling people to LEO or the moon, while Musk seemed singularly focused on reaching 
Mars. Shotwell shared his optimism on human spaceflight, remarking, “in [our] lifetime it is going to 
be commonplace for people to go to space…the economics we have to get right on that, doing it is 
different than doing it affordably.”66  

If not humans, perhaps Starship could be used to transport cargo, but Musk admitted, “that’s where 
things get a little dodgy, we’re not quite sure how to pay for the vehicle…the DOD might have some 
ideas for putting some big things in space,”. To make Starship cost-effective and exploit economies of 
scale in the way Falcon 9 had, SpaceX would have to build up a regular launch cadence, transporting 
something, or, ideally, someone, to space.  

At the end of the day, Musk made it quite clear that he would not stop until he had developed the 
capability to put humans in Mars, believing that: 

Fundamentally, the future is vastly more exciting and interesting if we are a 
spacefaring species and a multiplanetary species than if we are not. You want to wake up 
in the morning and think the future’s going to be great. And that’s what being a 
spacefaring civilization is all about. It’s about believing in the future.67 
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Exhibit 1 Summary of NASA’s FY19 Budget Request 

Source: NASA. “FY 2019 Budget Estimates.” Accessed December 12, 2018. 
https://www.nasa.gov/sites/default/files/atoms/files/fy19_nasa_budget_estimates.pdf 
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Exhibit 2 Global launch market by nation and company 

Source: “The Space Race is Dominated by New Contenders.” The Economist. October 18, 2018. Accessed December 12, 2018. 
https://www.economist.com/graphic-detail/2018/10/18/the-space-race-is-dominated-by-new-contenders. 
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Exhibit 3 Launch capabilities of SpaceX’s Falcon vehicle family iterations. 

 

Payload 
Capability 
(kg) 

Reusable or 
Expendable 

Configuration 

Low 
Earth 
Orbit 

Low 
Polar 
Earth 
Orbit 

Sun 
Synchronous 

Orbit 

Geostationary 
Transfer 

Orbit 

Geostationary 
Orbit 

Interplanetary 
Trajectory 

Falcon-1 
(dev) Expendable 

                                      
420   -   -   -   -   -  

Falcon-1 
Expendable 

                                      
470  

                                      
290   -   -   -   -  

Falcon-1e 
Expendable  -  

                                   
1,010   -   -   -   -  

Falcon 9 
v1.0 Expendable 

                                   
9,900   -   -  

                                   
4,050   -  

 
Falcon 9 

v1.1 Expendable 
                                

10,450  
                                   

9,000  
                                   

8,159  
                                   

4,850   -  
                                   

2,473  

Falcon 9 
v1.1 

 
Reusable  -   -   -   -   -   -  

Falcon 9 
v1.2 Expendable  -   -   -  

                                   
6,700   -   -  

Falcon 9 
v1.2 Reusable 

                                
22,800   -   -  

                                   
5,300   -  

                                   
4,020  

Falcon 
Heavy Expendable 

                                
63,800   -   -  

                                
26,700   -  

                                
16,800  

Falcon 
Heavy Reusable  -   -   -  

                                   
8,000   -   -  

Starship 
Expendable 

                              
250,000   -   -   -   -   -  

Starship 
Reusable 

                              
150,000   -   -   -   -   -  

 

Source: Compiled from “Launch Vehicles - USA,” Gunter’s Space Page, Accessed April 13, 2020. 
https://space.skyrocket.de/directories/launcher_usa.htm. 
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Exhibit 4a SpaceX’s funding from the Commercial Crew and Cargo Program. 

 

Year COTS CRS-1 CRS-2 CCDev-2 CCiCap CCtCap 

2006 $52,488,000  -      -    -    -    -    

2007 $102,146,000  -      -    -    -    -    

2008 $88,085,231  $9,739,760    -    -    -    -    

2009 $20,280,767  $78,449,400    -    -    -    -    

2010 $29,576,473  $154,345,638  -    -    -    -    

2011 $103,423,527  $129,130,677    -    $75,000,000  -    -    

2012 -    $211,622,746   -    -    $165,000,000  -    

2013 -    $399,486,844  -    -    $165,000,000  -    

2014 -    $324,347,423  -    -    $70,000,000  $148,800,000  

2015 -    $408,173,112  -    -    $33,500,000  $330,200,000  

2016 -    $463,522,216  $117,631,181  -    $3,500,000  $216,406,611  

2017 -    $275,203,932  $106,420,800  -    $23,000,000  $400,680,228  

2018 -    $273,532,292  $137,098,047  -    -    $110,859,256  

Total $395,999,998 $2,727,554,039 $361,150,028 $75,000,000 $460,000,000 $1,206,946,095  
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Exhibit 4b SpaceX’s funding from the Commercial Crew and Cargo Program 

Source: Federal Procurement Data Systems. “’SPACE EXPLORATION TECHNOLOGIES CORPORATION’.” Accessed 
December 12, 2018. https://www.fpds.gov/ezsearch/fpdsportal?indexName=awardfull& 
templateName=1.5.1&s=FPDS.GOV&q=NNJ06TA26S+VENDOR_FULL_NAME%3A%22SPACE+EXPLORATION+
TECHNOLOGIES+CORPORATION%22&x=0&y=0 
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Exhibit 5a Comparison of SpaceX’s launch vehicle costs to similar vehicles. 

 
 

Unit Costs Comparable Unit Costs Non-Recurring 
Engineering Costs 

Comparable 
Development Costs 

Falcon 1 $7.8 milliona,68 $4.9 million per flight 
Rocket Lab Electron69 

$90 million70 $100 million Rocket 
Lab Electron71  

Falcon 9 $62 million72 Starting at $109 million 
per flight ULA Atlas V73 

$300 million74 $443 million to $1,383 
million NAFCOM 
estimate75 

Falcon Heavy $90 million to $150 
million (fully 
expendable)76 

$350 million to $600 
million per flight ULA 
Delta IV Heavy77 

 $500 million78 $2,000 million ULA 
Vulcan79 

Starship  Unknown $1,100 million per flight 
for NASA Saturn V 
($650 million to 
produce)80 

$5,000 million to 
$10,000 million81 

$35,000 million NASA 
Saturn Vb,82 

Dragon 183 $98 million $174 million Cygnus/ 
Northrop Grumman 

$659 million $596 million Cygnus/ 
Northrop Grumman 

Dragon 284 $308 million $418 million CST-
100/Boeing 

$2,201 million $3,271 million CST-
100/Boeing 

Source: Casewriter compiled from various sources. 

a $5.9 million as of 2005. $7.8 million represent 2018-dollar value. 

b Estimated from total Saturn V appropriation funding less $1,100 million for thirteen Saturn V launches. The $1,100 million-unit 
cost and $35,000 development cost have been converted to 2018 dollars. 
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Exhibit 5b Launch vehicle costs over time. Marker size indicates relative payload capability of 
launch vehicle in kilograms. Logarithmic scale. 

 

Source: Zapata, Edgar. “The State of Play US Space Systems Competitiveness: Prices, Productivity, and Other Measures of 
Launchers & Spacecraft.” presented at the Future In-Space Operations Seminar, NASA Kennedy Space Center, October 
11, 2017. https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20170012517.pdf. 
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Exhibit 6a Cost Estimates (in billions of FY17 dollars for Orbital Mars Mission) 

System 
Costs through FY 

2018 
Projected System 

Costs (2019 onward) 
Total System 

Costs 

SLS 15.9 17.8 33.6 
Exploration Ground Systems 3.0 2.7 5.7 
Orion 14.9 10.7 25.6 
Gateway  6.6  6.6 
DST  29.2  29.2 
Exploration Ground 
Systems Operations 

 16.2  16.2 

Suborbital Mission to 
Mars through 2037 

33.7 83.2  116.9 

Cost associated with 
Mars Orbital Mission 
2038-2040 

 3.7  3.7 

Orbital Mission to Mars 
Total 

33.7 86.9  120.6 

Source: Linck et al. “Evaluation of a Human Mission to Mars by 2033.” IDA Science & Technology Policy Institute, February 
2019. https://www.ida.org/-/media/feature/publications/e/ev/evaluation-of-a-human-mission-to-mars-by-
2033/d-10510.ashx. 

 

Exhibit 6b Cost Estimates (in billions of FY 2017 dollars) for Exploration Systems through 2037 

System Costs through FY 2018 
Projected System Costs 

(2019 onward) Total System Costs 

Orbital Mission to Mars 
Costs through 2037 

33.7 83.2 116.9 

Lunar landings  20.0 20.0 
Mars Surface Systems  24.6 24.6 
Other Human Spaceflight  55.9 55.9 
Human Spaceflight 
Total 

33.7 183.6 217.4 

Source: Linck et al. “Evaluation of a Human Mission to Mars by 2033.” IDA Science & Technology Policy Institute, February 
2019. https://www.ida.org/-/media/feature/publications/e/ev/evaluation-of-a-human-mission-to-mars-by-
2033/d-10510.ashx. 
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Exhibit 7 Comparison of current U.S. launch vehicles with SpaceX’s Falcon 9 

Vehicle Electron 
Minotaur 

IV 
Minotaur 

C Antares Atlas V 
Vector-R 

(Proposed) Falcon 9 

 
Manufacturer 

 
Rocket 
Lab 

 

 
Northrup 
Grumman 

 
Northrup 
Grumman 

 
Orbital 
ATK 

 
ULA 

 
Vector 

 
SpaceX 

2017 Total 
Launches 
 

1 
 

1 1 1 6 0 18 

Total Launches in 
Last 10 years 
 

1 4 10 7 74 0 46 

Launch Reliability 
(Last 10 Years) 
 

0/1 (0%) 4/4 
(100%) 

10/10 
(100%) 

6/7 
(86%) 

74/74 
(100%) 

 45/46 
(98%) 

Year of First 
Launch 
 

2017 2010 1994 2013 2002  2010 

Payload to LEO 
(kg) 
 

150 1,600 1,458 6,200-
6,600 

8,123-
18,814 

60 22,800 

Cost 
 
 

$5.7 
million 

- - - $150 
million 

$3 million $62 million 

Cost/kg to LEO $38,000 - - - $8,800 $50,000 $2,700 
        
        

 

Source: “The Annual Compendium of Commercial Space Transportation: 2018,” Federal Aviation Administration, January 
2018. https://www.faa.gov/about/office_org/headquarters_offices/ast/media/2018_ast_compendium.pdf. 
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Exhibit 8 Mass of small satellites (below 500 kg) launched from 2011 to 2015 

Source: “Micro-Launchers: What Is the Market?” Thought Leadership on the Space Sector. PWC, February 2017. 
https://www.pwc.fr/fr/assets/files/pdf/2018/11/space/pwc-micro-launchers-what-is-the-market.pdf 
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Exhibit 9 SpaceX revenue and operating income, historical and projected 

Source:  Pasztor, Rolfe Winkler and Andy. “Exclusive Peek at SpaceX Data Shows Loss in 2015, Heavy Expectations or Nascent 
Internet Service.” Wall Street Journal, January 13, 2017, sec. Tech. https://www.wsj.com/articles/exclusive-peek-at-
spacex-data-shows-loss-in-2015-heavy-expectations-for-nascent-internet-service-1484316455. 
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Appendix A: SpaceX Financing Fact Sheet 

Fundraising 

In February 2020, SpaceX announced it was looking to raise an additional $250 million, 
bringing the total amount raised in 2020 to $3 billion and the total valuation of the company 
to $36 billion.85 In 2019, it closed three rounds of funding, raising $1.33 billion. 

Revenue Streams 

The company has two main areas of business: 1) launch of payloads and people; 2) the 
satellite internet constellation Starlink.   

Commercial Launch: Currently, SpaceX offers launches onboard two vehicles: Falcon 9, at 
$61.2 million per launch, or about $2,000/kg; and Falcon Heavy, with a payload capacity of 
64 metric tons and an estimated price per launch of $90-120 million. The recent astronaut 
launches to the ISS are estimated to have cost $55 million/seat onboard the Falcon 9 to 
NASA.86 

 

Table A.1 SpaceX Launch Revenues + Contract Awards from NASA 

 
SpaceX Revenues from 
Commercial Launcha 

NASA ISS Commercial 
Crew Contracts 
(development)b 

NASA ISS Commercial 
Resupply Contractsc  

2011  $0.1 b   
2012  $0.5 b $3 b  
2013  $2.6 b $3 b  
2014 $1.1 b    
2015 $0.9 b    
2016 $1.0 b    
2017 $1.3 b    
2018 $2.0 b    
2019 $0.9 b    
2020 $1.2 b   TOTAL 
Total $8.4 b $3.14 b $6.04 b $17.5 b 

 

Source: Compiled by Casewriter 

a Trefis. “What Is Driving SpaceX’s Revenue & Valuation?” Accessed May 14, 20121. 
https://dashboards.trefis.com/data/companies/SPACEX/no-login-required/yaQTBXoY/What-Is-Driving-SpaceX-s-
Revenues-Valuation-. 

b Heiney, Anna. “Commercial Crew Program.” Text. NASA, August 14, 2019. http://www.nasa.gov/content/commercial-
crew-program-the-essentials. 

c Clark, Stephen. “SpaceX to Begin Flights under New Cargo Resupply Contract next Year.” Spaceflight Now. Accessed May 14, 
2021. https://spaceflightnow.com/2019/08/02/spacex-to-begin-flights-under-new-cargo-resupply-contract-next-year/. 
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Table A.2 SpaceX Launch Price Analysis 

 Falcon 9 Falcon Heavy 

Price per launch ($ million) from 
SpaceX 

61.2 90.0 

Estimate of Current Gross Margin 
from Jefferies International LLC 

40% 40% 

Direct Costs ($ million) calculated 36.7 54.0 
First stage as % of total direct 
costs from SpaceX 

75% 75% 

First stage costs ($m) calculated 27.5 40.5 
Other costs ($m) calculated 9.2 13.5 

 

Source: Selding, Peter de. “SpaceX’s Reusable Falcon 9: What Are the Real Cost Savings for Customers?” SpaceNews, April 
25, 2016. https://spacenews.com/spacexs-reusable-falcon-9-what-are-the-real-cost-savings-for-customers/. 

 

Figure A.1 Falcon 9 Costs 

 
Sources:  Selding, Peter de. “SpaceX’s Reusable Falcon 9: What Are the Real Cost Savings for Customers?” SpaceNews, April 

25, 2016. https://spacenews.com/spacexs-reusable-falcon-9-what-are-the-real-cost-savings-for-customers/. 

SpaceX. “Falcon Payload User's Guide,” p. 6, https://www.spacex.com/media/falcon-users-guide-2021-09.pdf, in 
“Falcon 9.” http://www.spacex.com/vehicles/falcon-9/, Accessed May 14, 2021. 

Foust, Jeff. “SpaceX Gaining Substantial Cost Savings From Reused Falcon 9.” Space.com. Accessed May 14, 2021. 
https://www.space.com/36375-spacex-reused-falcon-9-rocket-cost-savings.html. 

 

Starlink is a proposed constellation in low-Earth orbit aiming to provide satellite internet 
to terrestrial users. The beta rollout began in 2020, offering users access to Starlink for 
$99/month, with an upfront cost of $499 for hardware. Initial data speeds ranged from 
50Mb/s to 150 Mb/s, with latency around 20ms-40ms. The cost of building and launching the 
constellation of satellites is estimated to be around $10 billion to achieve global coverage, 
requiring 1,400 satellites (as of 2020, there were 240 satellites in orbit).87 

Fairing Cost: $5-6 million 
# recovered: 11 
# reflown: 8 
 
The First Stage accounts for 70-75% of the costs for each Falcon 9 launch (~$27 million) 
# of boosters landed: 68 
# of boosters reflown: 47 
# of times first stage can be reflown without hardware changes: 10 
# of times first stage can be reflown with moderate refurbishment: 100 

Refueling costs for the First Stage: $200,000-300,000 
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In December 2020, the FCC announced SpaceX would be one of 180 companies awarded a 
subsidy to bring Internet to rural areas in the U.S. with the Starlink constellation – the award 
was for $900 million (the second highest award), to be distributed over ten years. 88 

Forbes provides a market sizing for Starlink.89  

• Estimated population by 2025 = 8 billion, internet penetration estimated at 72% (5.8 
billion) 

• Assume Starlink garners 0.1% of all new Internet users by 2021, rising to 2.3% by 
2025 

• New subscribers = 0.2 million in 2021 to 5.6 million by 2025 
• User base = 14.4 million by 2025, implies revenues of $10 billion @ monthly ARPU of 

$60 
• SpaceX annual revenues = $30 billion/year by 2025 

 
Figure A.2 Global Commercial Launches 

Source: FAA, “Licensed Launches,” April 19, 2021, https://www.faa.gov/data_research/commercial_space_data/launches/ 

Note: Incomplete data for total global commercial launches in 2019-2020 
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1

On the afternoon of February 6, 2018, Space Exploration Technologies’ (SpaceX) Falcon Heavy launched from the historic Kennedy Space Center in Cape Canaveral, Florida. At an altitude of 115 km, the rocket fairing separated from the main stage and deployed a cherry red Tesla Roadster into orbit with a dummy dubbed “Starman” in the driver’s seat and David Bowie’s “Space Oddity” on the radio. The launch was a spectacle: some 100,000 people had traveled to Cape Canaveral to watch alongside SpaceX’s founder and CEO, Elon Musk, and 2.3 million viewers tuned into the livestream on YouTube, making it the second most-viewed livestream in the platform’s history.[endnoteRef:2] [2:  Singleton, Micah. “SpaceX’s Falcon Heavy Launch Was YouTube’s Second Biggest Live Stream Ever.” The Verge, February 6,
2018. https://www.theverge.com/2018/2/6/16981730/spacex-falcon-heavy-launch-youtube-live-stream-record.] 


In the mission control room of SpaceX’s headquarters in Hawthorne, California, President and COO Gwynne Shotwell pumped her fists in the air as she celebrated, knowing the SpaceX team was one step closer to their ultimate goal: putting humans on the surface of Mars. Seven years earlier, Falcon Heavy had been only a model rocket, carried around largely empty conference rooms in Washington D.C. by Musk as he shared his dream of “making human life multiplanetary”. Believing that the settlement of Mars would be a “positive, constructive, inspirational goal [capable of] uniting humanity at a critical time”, he had proposed a $20 million “Mars Oasis” project that would launch a robotic lander to Mars by 2005 with a mini-greenhouse onboard.[endnoteRef:3] But Musk’s Mars Oasis plan failed. The limiting factor? The astronomical cost of launching a rocket to orbit. And thus was born SpaceX, as Musk saw an opportunity to shake up the launch industry and build his own ride to space.  [3:  “The Evolution of the Big Falcon Rocket.” NASASpaceFlight.com. Accessed December 12, 2018. https://www.nasaspaceflight.com/2018/08/evolution-big-falcon-rocket/2/.] 


With Elon Musk’s vision and Gwynne Shotwell’s deft leadership, SpaceX had transformed the commercial space industry in a single decade. It developed a line of rockets that cut costs to orbit by a factor of 18 and captured 30% of the commercial launch market. Falcon Heavy, capable of delivering 63,500 kg to low Earth orbit (LEO) or 17,000 kg to Mars, was the most powerful operational rocket in the world and larger than any launched from U.S. soil since the Saturn V in 1973.[endnoteRef:4] Moreover, prices for a Falcon Heavy launch started as low as $90 million, less than a third of the price of its closest competitor.[endnoteRef:5]  [4:  Gebhardt, Chris. “Falcon Heavy Success Paves the Way for Open Access to Space beyond Earth.” NASASpaceFlight.com. Accessed December 12, 2018. https://www.nasaspaceflight.com/2018/02/falcon-heavy-success-paves-space-beyond-earth/.]  [5:  Berger, Eric. “The Falcon Heavy Is an Absurdly Low-cost Heavy Lift Rocket.” Ars Technica. February 14, 2018. Accessed December 12, 2018. https://arstechnica.com/science/2018/02/three-years-of-sls-development-could-buy-86-falcon-heavy-launches/.] 


In 2019, after SpaceX’s remarkable decade, Musk’s original goal to reach Mars seemed both within reach and impossibly optimistic. Falcon Heavy’s launch proved that SpaceX possessed heavy-lift capabilities, a technology that would be critical in supporting a crewed mission to Mars. But a 2014 NASA study put the cost of a human mission to Mars at $220 billion, while SpaceX’s revenues from launch were just $2 billion in 2018. Where would the funding for a Mars Mission come from? As Musk mused in 2008, “[reaching orbit] is normally a country thing, not a company thing.”[endnoteRef:6] Would there be enough demand for launch services to make Elon Musk’s vision a possibility, or would SpaceX have to find other ways to get there? [6:  Koren, Marina. “A Triumphant First Launch for Elon Musk’s Giant Rocket.” The Atlantic, February 6, 2018.] 


History of the U.S. Commercial Launch Industry

The Soviet Union’s launch of the first orbital satellite, Sputnik 1, in 1957, called into question U.S. technological capabilities, and the business of launching rockets was born as part of the Space Race. In response to Sputnik, Senate Majority Leader (and future President) Lyndon B. Johnson chaired a series of congressional hearings which found that a substantial reorganization of the U.S. space program was needed to ensure American competitiveness. President Dwight D. Eisenhower suggested forming a civilian space program, the National Aeronautics and Space Administration (NASA) from the existing National Advisory Committee on Aeronautics (NACA). Congress passed the National Aeronautics and Space Act to establish NASA with the stated purpose of “provid[ing] for research into the problems of flight within and outside the Earth’s atmosphere, and for other purposes.” The act was signed into law by President Eisenhower on July 29, 1958.[endnoteRef:7] [7:  Whiting, Melanie. “60 Years Ago, Eisenhower Proposes NASA to Congress.” Text. NASA, April 2, 2018. http://nasa.gov/feature/60-years-ago-eisenhower-proposes-nasa-to-congress. ] 


NASA and the Soviet Union soon competed to achieve human spaceflight. Yuri Gagarin, a Soviet cosmonaut, became the first human in space on April 12, 1961 just weeks before Alan Shepard completed a suborbital flight as part of NASA’s Project Mercury.[endnoteRef:8] NASA accelerated its efforts in the following years with Project Gemini and the Apollo Program, developing capabilities in a crescendo that culminated with astronauts Neil Armstrong and Buzz Aldrin becoming the first humans to land on the Moon in 1969. While a remarkable feat of engineering and policy, the Moon landing was in some ways an end rather than a starting point for the space program, as demand for lunar launches was short lived, and the last manned lunar flight took place in 1972.[endnoteRef:9] [8:  Editors, History com. “Alan Shepard Becomes the First American in Space.” HISTORY, July 28, 2019. https://www.history.com/this-day-in-history/the-first-american-in-space.]  [9:  “End of an Era | National Air and Space Museum.” Accessed October 16, 2019. https://airandspace.si.edu/exhibitions/apollo-to-the-moon/online/later-missions/end-of-era.cfm.] 


After Apollo, in a decision fateful for the nascent launch industry, NASA chose the partially reusable Space Transportation System (or Space Shuttle) as its next mission priority. In the 1970s, companies had built Expendable Launch Vehicles (ELV) that, under contract with NASA and the Department of Defense (DOD), provided launch services for commercial and national security satellites. But the DOD and National Reconnaissance Organization (NRO) were instructed that, once the Shuttle began launching, defense payloads would be flown solely on it, and by the late 1970s the ELVs were completely phased out. Granting a monopoly on launch to the Shuttle was meant to spread its high fixed costs across enough missions to make it cost-effective,[endnoteRef:10] but this decision was widely criticized for disadvantaging commercial players.  [10:  Bekey, Ivan. “Essay: Exploring Future Space Transportation Possibilities.” In Exploring the Unknown: Selected Documents in the History of the U.S. Civil Space Program, edited by John Logsdon, IV: Accessing Space:503–7. NASA History Division, 1999.] 


While the Shuttle loomed large over the next two decades, policymakers sought ways sustain a commercial launch industry that could supply the rapidly growing market of commercial communication and national security reconnaissance satellites. President Ronald Reagan bolstered the ELV market with NSDD 94 in May 16, 1983, stating that the “U.S. Government fully endorses and will facilitate the commercialization of U.S. Expendable Launch Vehicles”. Congress affirmed and expanded these actions through the Commercial Space Launch Act in October 30, 1984.[endnoteRef:11] A decade later, the DOD announced the Evolved Expendable Launch Vehicle (EELV) program to encourage development of new launch capabilities and establish a system for procurement of launch services.  [11:  Kraus, Terry. “Origins of the Commercial Space Industry.” FAA, n.d. https://www.faa.gov/about/history/milestones/media/commercial_space_industry.pdf.] 


In response, the industry demonstrated remarkable achievements. In 1989, Space Service, Inc. became the first U.S.-licensed commercial launch with a suborbital mission, and McDonnell Douglas used a Delta I launch vehicle to become the first U.S.-licensed commercial orbital launch later that year. Over these decades, four ELVs would be available from private manufacturers: Titan, built by Martin Marietta; Atlas, built by General Dynamics; Delta, built by McDonnell Douglas (now Boeing); and Scout, built by LTV Aerospace Corporation.[endnoteRef:12]  [12:  Ibid.] 


In 2003, a second shuttle disaster (Columbia) pushed policymakers and NASA to consider a broader mandate for commercial launch providers. The shuttle program would be cancelled in 2010, after which the U.S. would be unable to transport astronauts to the ISS from U.S. territory, instead relying on Russian Soyuz rockets. The Commercial Space Transportation Act was passed in 2004, declaring:

The United States Government is committed to encouraging and facilitating a viable U.S. commercial space transportation industry that supports U.S. space transportation goals, benefits the U.S. economy, and is internationally competitive. Toward that end, United States Government departments and agencies shall: … d) Refrain from conducting activities with commercial applications that preclude, deter, or compete with U.S. commercial space transportation activities, unless required by national security; e) Involve the U.S. private sector in the design and development of space transportation capabilities to meet United States Government needs.[endnoteRef:13] [13:  Pace, Scott. “US Space Transportation Policy.” Space Policy 4, no. 4 (November 1988): 307–18. https://doi.org/10.1016/0265-9646(88)90007-0.] 


At the time, the U.S. launch industry had become a duopoly (or monopoly), led by Boeing and Lockheed Martin’s joint venture United Launch Alliance (ULA). The two companies had vied for EELV dominance for years; Boeing with the Delta IV, and Lockheed Martin with the Atlas V. The fierce competition between the two came to a head in 2006, when Boeing was found to be in possession of confidential Lockheed Martin documents. Rather than pursue litigation, the competitors agreed to establish a 50-50 joint venture to serve the market. Thus, United Launch Alliance (ULA) was formed and enjoyed a monopoly on national security launches for more than a decade.[endnoteRef:14] From 2006 to 2013, ULA held fixed contracts with the U.S. military that totaled roughly $1 billion a year, regardless of how many rockets it launched. ULA had a stellar record, never losing a single payload, but costs began to soar. By 2014, the average cost of each launch offered by ULA had risen to roughly $420 million, and there were few other options for accessing space from U.S. soil.[endnoteRef:15]  Meanwhile, countries such as Russia, India, China, and France had developed their own launch vehicles and were offering regular launch opportunities at much lower prices than ULA. In its fiscal year 2019 budget proposal, the Department of Defense asked for $2.4 billion in launch services spending alone.[endnoteRef:16] [14:  Department of Defense, Air Force. “Department of Defense Fiscal Year (FY) 2019 Budget Estimates, Air Force Justification Book Volume 1 of 1, Space Procurement, Air Force.” February 2018. Accessed December 12, 2018. https://www.saffm.hq.af.mil/Portals/84/documents/FY19/Proc/Air%20Force%20Space%20Procurement%20FY19.pdf?ver=2018-02-12-190223-850]  [15:  Seligman, Lara. “The New Space Race.” Foreign Policy (blog). Accessed September 26, 2019. https://foreignpolicy.com/2019/05/14/the-new-space-race-china-russia-nasa/.]  [16:  https://spacenews.com/sn-military-space-dod-space-budget-billions-for-next-gen-satellites-launch-vehicles-new-funding-lines-for-rapid-acquisitions/, accessed April 16, 2019] 


Attempts to start new American rocket companies to challenge ULA had been largely unsuccessful. An early entrant to the arena in the early 2000s, Beal Aerospace Technologies, shut down operations just two years after entering. According to Andrew Beal, the CEO, “there will never be a private launch industry as long as NASA and the U.S. government choose and subsidize launch systems.”[endnoteRef:17]  [17:  Clark, Stephen. “Beal Aerospace Ceases Work to Build Commercial Rocket.” Spaceflight Now, October 24, 2000. https://spaceflightnow.com/news/n0010/24beal/.] 


But in an experiment that would prove important, in 2006 NASA had launched the Commercial Orbital Transportation System (COTS) program to subsidize the development of private launch vehicles for resupply missions to the ISS. COTS proved to be a dramatic success. In particular, it provided essential early financing for several nascent launch companies, including SpaceX.[endnoteRef:18] NASA projected its FY19 Space Transportation and Commercial LEO Development spending to be $2.1 billion and $150 million respectively (Exhibit 1).[endnoteRef:19] [18:  Funding also supported launch startup and Blue Origin, and it helped existing launch providers such as Boeing, Orbital ATK, and Sierra Nevada Corporation, develop new technologies.]  [19:  NASA. “FY 2019 Budget Estimates.” Accessed December 12, 2018. https://www.nasa.gov/sites/default/files/atoms/files/fy19_nasa_budget_estimates.pdf] 


Space Exploration Technologies (SpaceX)

Elon Musk was born in Pretoria, South Africa in 1972, and was inspired at an early age by science fiction novels of Isaac Asimov to “try to take the set of actions that are likely to prolong civilization, minimize the probability of a dark age and reduce the length of a dark age if there is one.” He moved to the U.S. to complete his studies in economics and physics at the University of Pennsylvania. While Musk enrolled for a PhD in energy physics from Stanford, he dropped out of the program after only two days. Eventually, he went on to found X.Com, an online financial services and payment company, which later became PayPal. Due to disagreements with other PayPal executives, Musk was ousted as CEO in October of 2000. In 2002, eBay purchased PayPal for $1.5 billion, of which Musk received $180 million for his 11.7% stake. [endnoteRef:20] [20:  Stone, Rolling. “Elon Musk: The Architect of Tomorrow – RollingStone – Medium.” Medium.com. November 15, 2017. Accessed April 28, 2019. https://www.inc.com/peter-economy/why-elon-musk-used-to-read-10-hours-a-day-and-how-you-can-do-less-still-gain-success.html.] 


After a near-death experience with a rare form of malaria in December 2000, Musk began to seriously pursue his interests in space. His first idea was the “Mars Oasis” plan, following what Musk thought of as the path to Mars: “[getting] the public enthusiastic about the possibility, then translat[ing] that into legislative pressure so that Congress hands us a Mars mandate.”[endnoteRef:21] To that end, Musk intended on using a Russian R-36 ICBM for the mission. But after meeting with Kosmotras, the commercial manufacturer of the rockets, he was laughed off when he was unable to procure the expected $21 million for each rocket. On the flight home from the failed negotiations in Russia, Musk turned to his business partner, Jim Cantrell, and said, “I think we can build a rocket ourselves.”[endnoteRef:22] From there, the idea for SpaceX was born.  [21:  SpaceRef. “MarsNow 1.9 Profile: Elon Musk, Life to Mars Foundation,” September 25, 2001. http://www.spaceref.com/news/viewsr.html?pid=3698.]  [22:  Kaufman, Mark. “When SpaceX Tried to Buy Missiles from Russia: Vodka and a Run-Around.” Inverse, August 2, 2017. https://www.inverse.com/article/34976-spacex-ceo-elon-musk-tried-to-buy-icbm-rockets-from-russia.] 


Gwynne Shotwell, unlike Musk, had both little interest in space growing up and substantial experience in the space industry. Her first job out of college was in Chrysler Corporation’s new graduate training program, and she earned her master’s degrees in Mechanical Engineering and Applied Mathematics from Northwestern University in 1987. But then Shotwell spent a decade at The Aerospace Corporation (a federally funded research and development center) in space systems engineering and project management, and then became Director of Space Systems at Microcosm, a manufacturer of affordable, small launch vehicles. Just after SpaceX’s founding in 2002, Shotwell was introduced to Musk by a former Microcosm employee. Shotwell joined SpaceX and became VP of Business Development that September. Her oversight of government relations helped SpaceX clinch a key contract under the COTS program to develop and deliver transportation to the ISS in 2006. In 2008, Shotwell was promoted to President and COO.

Challenging the Stronghold on Commercial Launch

Breaking into the U.S. commercial launch market would be no easy feat, but Musk believed that the entrenched duopoly which relied on government contracts to survive had stifled innovation in the industry, leading to unnecessarily high launch costs. He identified three areas where cost-savings could be achieved.

Reusability	Following the end of the Space Shuttle and the beginning of the EELV program, designing reusable rockets was no longer a priority. Musk reasoned that “throwing away multimillion-dollar rocket stages after every flight makes no more sense than chucking away a 747 after every flight.”[endnoteRef:23] To Musk, reusability would be a key lever in generating commercial activity in the industry since, “the reason there is low demand for spaceflight is because it’s ridiculously expensive…the problem is that rockets are not reusable.”[endnoteRef:24] [23:  SpaceRef. “MarsNow 1.9 Profile: Elon Musk, Life to Mars Foundation,” September 25, 2001. http://www.spaceref.com/news/viewsr.html?pid=3698.]  [24:  One-on-One with Elon Musk. Accessed October 16, 2019. https://www.youtube.com/watch?v=PULkWGHeIQQ.] 


Reliability without over-engineering Launch vehicles tended to be intentionally over-engineered, in part because reliability was a much greater priority than cost for defense payloads. “What the EELV program does is launch national reconnaissance satellites that cost billions of dollars a pop,” explained former NASA associate administrator Alan Stern. “[Defense department customers] don’t care whether [the launch cost] is $100 million or $300 million; it’s in the noise. What they want is a guarantee it’s going to work.”[endnoteRef:25] Musk believed the assumption that cost was tied to reliability was false, “Many times we’ve been asked, if you reduce the cost, don’t you reduce reliability? This is completely ridiculous. A Ferrari is a very expensive car. It is not reliable. But I would bet you 1,000-to-1 that if you bought a Honda Civic that that sucker will not break down in the first year of operation. You can have a cheap car that’s reliable, and the same applies to rockets.”[endnoteRef:26] [25:  Chaikin, Andrew. “Is SpaceX Changing the Rocket Equation?].” Air & Space, January 2012. https://www.airspacemag.com/space/is-spacex-changing-the-rocket-equation-132285884/.]  [26:  Reingold, Jennifer, and Jennifer Reingold. “Hondas in Space.” Fast Company, February 1, 2005. https://www.fastcompany.com/52065/hondas-space.] 


Vertical Integration	According to Harry Jones, a research analyst at NASA, ULA had “hundreds of subcontractors that have dozens of facilities spread all over the country, which [was] a political necessity for a government funded jobs program.”[endnoteRef:27] ULA’s Atlas V used three different kinds of rockets tailored to a specific phase of flight. While the use of three rockets in the same vehicle could optimize performance, as Musk remarked, such a system was highly costly, “to a first-order approximation, you’ve just tripled your factory costs and all your operational costs.”[endnoteRef:28] [27:  Jones, Harry W. “The Recent Large Reduction in Space Launch Cost,” 10, 2018.]  [28:  Chaikin, Andrew. “Is SpaceX Changing the Rocket Equation?].” Air & Space, January 2012. https://www.airspacemag.com/space/is-spacex-changing-the-rocket-equation-132285884/.] 


Musk was convinced that by pursuing reusability, reusability without over-engineering, and vertical integration “SpaceX has the potential of saving the U.S. government $1 billion a year. We are opposed to creating an entrenched monopoly with no realistic means for anyone to compete.”[endnoteRef:29] In a series of lawsuits against the DOD, Musk argued that defense contracts didn’t allow for fair competition, and he attempted to halt the formation of the ULA joint venture. However, he knew his best argument would be to achieve the cost savings that he promised. [29:  Wayne, Leslie. “A Bold Plan to Go Where Men Have Gone Before.” The New York Times, February 5, 2006, sec. Business Day. https://www.nytimes.com/2006/02/05/business/yourmoney/a-bold-plan-to-go-where-men-have-gone-before.html.] 


SpaceX’s Solutions and Product Development

Falcon 1

SpaceX’s first launch vehicle was the Falcon 1, a reference to the Star Wars franchise’s Millennium Falcon. SpaceX designed and built the Merlin 1A kerosene liquid oxygen engine for the vehicle’s first stage. With a single Merlin engine, the vehicle was able to launch small satellites up to 470 kg into LEO (Exhibit 3).  The first stage was intended to be reusable if recovered after a successful launch. 

SpaceX experienced its share of failures and setbacks early on with the Falcon 1. The vehicle’s first launch took place in March 2006 from the Marshall Islands and was intended to place a U.S. Air Force Academy payload into LEO, but the rocket crashed into a reef less than a minute after launch due to a first stage plumbing failure.  The second launch attempt was in March 2007. While the Falcon 1’s first stage performed as expected, a problem during the rocket’s first and second stage separation led to the mission’s failure. SpaceX would state that “although short of complete success, a significant majority of mission objectives were met from both a programmatic and technical perspectives.”  After these two failures, SpaceX would upgrade the Falcon 1’s first stage engine to the improved Merlin 1C. The third Falcon 1 launch, in August 2008, again ended in failure after the first stage effectively rear-ended the second stage. After three consecutive failures, Falcon 1 at last successfully launched a dummy payload to orbit in September 2008. 

At this point, competitors were highly skeptical of the bold claims made by the company as it struggled to successfully reach orbit. The “big players” dismissed SpaceX, with the head of communications for Boeing remarking that, “for SpaceX to be considered a potential competitor they need to have a launch.”[endnoteRef:30] In those early days, SpaceX was entirely expected to fail. John Pike, a space policy analyst noted that it was the nature of the business, “this is an enormously difficult business to make money in. The best way to make a small fortune in space is to start out with a large one. New rocket science has a high mortality rate, and we don’t know what [Musk’s] got his hands on until he’s flown it a half-dozen times.”[endnoteRef:31] [30:  Ibid.]  [31:  Ibid.] 


Internally, SpaceX employees and executives were less concerned. Senior design engineer at SpaceX, Kevin Brogan, noted, “There’s a silly notion that failure’s not an option at NASA. Failure is an option here. If things are not failing, you are not innovating enough. The first time we had a major engine failure Elon was kind of excited. It gave him some street cred.” Told this story later, Musk replied, “If I had the option of not having it blow up, I’d rather not,” he says. “But it was pretty cool.”[endnoteRef:32] [32:  Reingold, Jennifer. “Hondas in Space.” Fast Company, February 1, 2005. https://www.fastcompany.com/52065/hondas-space.] 


On the Falcon 1’s fifth and final launch in July 2009, SpaceX placed the Malaysian RazakSAT imaging satellite into LEO – its first successful launch of a commercial satellite. If that launch had failed, Musk had intended to shut the company down, but, as he later remarked, “fate liked us that day.”[endnoteRef:33] SpaceX was able to begin work on upgraded versions of the vehicle, the Falcon 1e and the Falcon 5, but would ultimately never complete them as the company focused its efforts on development of its new rocket, the Falcon 9. The Falcon 1 reportedly cost SpaceX $90 million to develop.[endnoteRef:34] [33:  Making Life Multiplanetary. Accessed April 13, 2020. https://www.youtube.com/watch?v=tdUX3ypDVwI&t=1s.]  [34:  September 29, Tariq Malik, and 2008. “SpaceX Successfully Launches Falcon 1 Rocket Into Orbit.” Space.com. Accessed April 13, 2020. https://www.space.com/5905-spacex-successfully-launches-falcon-1-rocket-orbit.html.] 


Falcon 9 and NASA’s Commercial Crew and Cargo Programs

Circumstances four years after SpaceX’s founding helped finance its progress. In January 2006, NASA announced the advent of the COTS program, challenging commercial partners to develop means for transporting crew and cargo to the ISS. COTS was designed as a cost-sharing program between NASA and commercial partners in which the partners were not paid a margin over reported costs, as in standard contracts, but rather received fixed amounts for achieving certain milestones. The Commercial Resupply Services (CRS) and Commercial Crew Development (CCDev) programs which followed COTS included ongoing cost-sharing elements as well as fixed price contracts meant to incentivize commercial partners to reduce costs while decreasing the risks from large upfront R&D investments. SpaceX would compete and win contracts with NASA under nearly every phase of COTS, CRS, and CCDev—collectively known as the Commercial Crew and Cargo Programs—from 2006 to 2018, receiving over $5.2 billion from NASA (Exhibit 4).

The first COTS contract was awarded to SpaceX in 2006, largely due to Gwynne Shotwell’s success in lobbying NASA. On winning the initial contract, Koenigsmann, SpaceX’s vice president for mission assurance later reflected, “[Gwynne] was selling stuff to NASA at a time when we had a little rocket on an island. That takes bravery and vision.”[endnoteRef:35]  [35:  Ibid. ] 


SpaceX used this initial funding to begin work on the Falcon 9. The Falcon 9 would rely and improve on technology developed and tested for Falcon 1. This included the Merlin 1C engine, of which Falcon 9 used nine, to enable medium and heavy payload launches. SpaceX stated that the Falcon 9 cost $300 million to develop, but some argued that the Falcon 9 development costs should be considered closer to $390 million to include the investments made in creating Falcon 1.

Falcon 9 became SpaceX’s workhorse vehicle, completing over 60 launches from 2010 through 2018, but not without setbacks. While the first stage of this first iteration, Falcon 9 v1.0, was potentially reusable, no reuses were attempted in the subsequent four Falcon 9 v1.0 launches. The Falcon 9 v1.1, featuring upgraded Merlin 1D engines, first launched in September 2013. This version reached geostationary transfer orbit (GTO), an orbit typically used as an intermediate orbit in placing larger satellites in GEO. Falcon 9 v1.1 also was used for more extensive testing of component recovery and for SpaceX’s first attempts to land a first stage on a drone ship in the Atlantic Ocean. In June 2015, the penultimate launch of the v1.1 (which was meant to carry cargo to the ISS as part of SpaceX’s 7th CRS mission) failed two minutes into the launch, when the rocket broke apart due to a defective strut. In an industry that valued mission assurance, the failure called into question whether SpaceX could be relied on as a launch provider for expensive cargo and ultimately humans.

With its December 2015 launch of the next iteration of the Falcon 9 (v1.2, also known as Falcon 9 Full Throttle), SpaceX became the first group to successfully land an orbital class rocket, a major step toward reusability. Two years later, on March 30, 2017, the Falcon 9 v1.2 core number B1021.2 would become the first rocket to reach orbit twice. Again, with these successes came setbacks. In September 2016, during pre-launch preparations, a rocket exploded on the launch pad. As a result, SpaceX delayed launches for several months, while it investigated the cause of the explosion (which was determined to have originated in an oxygen tank of the upper stage). Once again, industry members wondered whether SpaceX was pushing too hard, too fast.  

SpaceX would continue to make upgrades to the Falcon v1.2 in versions internally referred to as Block 4 and later Block 5, which had its maiden launch in May 2018. By this time, the Falcon 9 was capable of launching 22,800 kg to LEO or 5,300 kg to GTO and returning to Earth for reuse. 

Dragon

SpaceX’s Dragon spacecraft was its first attempt at addressing the human spaceflight market. Through the Commercial Crew and Cargo Programs, SpaceX received $2.5 billion to develop the spacecraft for delivery of cargo and (later) crew to the ISS. The Dragon 1.0 was designed to carry up to 6,000 kg of cargo to the ISS, while the Dragon Crew could accommodate up to seven astronauts. Both models would be reusable and fly atop the Falcon 9 rocket. The Dragon 1.0 had flown over fifteen times since its first flight in 2010. Dragon Crew, which SpaceX had initially hoped to have certified by NASA to fly humans in 2017, was expected to be certified sometime in 2019. Along with Dragon Crew, Boeing’s CST-100 Starliner spacecraft was being developed in parallel through the Commercial Crew Program, and it faced similar delays. SpaceX had also marketed Dragon for commercial use as a microgravity laboratory for companies interested in conducting experiments in space, though in early 2019 SpaceX had yet to make public any sales of this Dragon Lab configuration.

Falcon Heavy

SpaceX would rely on learnings from Falcon 9 in developing its next rocket, the Falcon Heavy. Falcon Heavy used three cores from the Falcon 9’s first stage to create significantly larger launch capabilities, up to 63,800 kg to LEO or 8,000 kg to GTO when planned for reuse. SpaceX wrote of the Falcon Heavy’s development that it “was designed from the outset to carry humans into space and [restore] the possibility of flying missions with crew to the Moon or Mars”.[endnoteRef:36]  Falcon Heavy launched for the first time on February 6, 2018. Though this launch carried only a dummy payload, Falcon Heavy’s potential implications for the heavy launch market became clear as commercial customers gradually signed on to the world’s most powerful rocket’s ride to space. Industry journalist Eric Berger also noted “the significance of this larger rocket, powered in part by reused Falcon 9 cores, is that it can hit all nine of the Department of Defense’s reference orbits for missions. This effectively means that there are now no military missions that a ‘reusable rocket’ cannot reach.”[endnoteRef:37]   [36:  “STP-2 Mission.” Text. SpaceX. SpaceX, April 15, 2019. https://www.spacex.com/stp-2.]  [37:  Berger, Eric. “After 25 Years, Military Told to Move from ‘Expendable’ to ‘Reusable’ Rockets.” Ars Technica, July 27, 2018. https://arstechnica.com/science/2018/07/congress-requires-military-to-consider-reusable-rockets-for-launch-contracts/.] 


Starship

Initially dubbed the B.F.R., Starship was designed to be a “Mars Colonial Transporter” or, more formally, the “Interplanetary Transport System”. The largest rocket in the fleet with a diameter of nearly 30 feet, the vehicle would have the ability to carry crew and cargo to Earth orbit, the Moon, Mars and beyond on a fully reusable transportation system. On those missions, it would be capable of carrying more than 100 metric tons to Earth orbit or 100 people to Mars. Although still in development by mid-2019, Musk laid out an ambitious timeline for launching the vehicle, targeting a crewed launch by 2020.[endnoteRef:38]  [38:  Wall, Mike. “‘Totally Nuts’? Elon Musk Aims to Put a Starship in Orbit in 6 Months. Here’s SpaceX’s Plan.” Space.com. Accessed October 2, 2019. https://www.space.com/spacex-starship-reach-orbit-six-months.html.] 


SpaceX’s Success and Economies of Scale

As SpaceX’s launch capabilities grew, so too did its market share. In 2013, SpaceX captured just under 10% of the global commercial launch market share. By 2018, that reached over 60%.[endnoteRef:39]  SpaceX effectively displaced all but two commercial launch competitors, ILS (based in Russia) and Arianespace (Europe) from the market, and it was gradually eroding their market share as well. By 2018, SpaceX had attained nearly two thirds of the global commercial launch market.  It was able to achieve this impressive market share not only by developing reliable launch capabilities, but also by offering significantly lower prices than the competition (Exhibit 5a). A chart of launch costs per kg over time showed, in fact, how SpaceX had succeeded in reducing launch costs by an order of magnitude in just over a decade, thereby playing a key role in driving costs down by two orders of magnitude since the early days of the shuttle. (Exhibit 5b) [39:  Source: Berger, Eric. "As the SpaceX Steamroller Surges, European Rocket Industry Vows to Resist." Ars Technica] 


Several factors contributed to SpaceX’s ability to undercut its competitors’ launch prices, but most came back to its achieving economies of scale, a persistent feature of the launch market. 

Economies (and diseconomies) of scaleThe phrase “economies of scale” refers, roughly, to the idea that a producer can gain an (average) cost advantage over competitors by increasing the amount it produces. Average costs of production equal the sum of fixed costs (which do not rely on the amount of production) and variable costs (or “marginal” costs of actual production). If variable costs are declining, constant, or rising slowly enough with output, average costs may fall with the amount of output: that is, production may exhibit economies of scale. 

This seemingly straightforward idea is in fact complicated by a number of factors. The separation of costs into fixed and variable requires an assignment of upfront costs to particular products, when in reality most fixed costs in firms support the production of multiple products (especially over time). Related, the bucketing of products can matter substantially for the calculation of economies of scale: a suite of products may enjoy scale economies unobtainable by any one component product, but how are the boundaries of such a suite defined? Perhaps most complicated, the economies of scale that apply to a given product at a given point in time—using a given state of technology—may be of limited relevance to an industry in which innovation rapidly changes the competitive landscape. 

Despite the theoretical complications involved in defining and identifying economies of scale, in practice they are a powerful force in markets. Most important, economies of scale naturally lead to market power, as the producer or producers who reach greater levels of production will enjoy lower costs and, therefore, entrench their competitive positions.  The same economies of scale can substantially benefit purchasers, as the lower costs they bring make way for lower prices, but regulation is often used to ensure that the producers “at scale” do not claim all of the potential benefit. A particularly clear case of this interaction is with so-called “natural monopolies” such as utilities, where economies of scale are so dominant a force that the most efficient—that is, the lowest cost-of-production—market structure is a monopoly. Typically, as in the case of local water or power provision, governments oversee public utilities that produce these products at low marginal (and average) cost for all customers and face substantial limits on their pricing decisions. 

Scale does not always bring benefits, however. Economists use the term “diseconomies of scale” to identify factors that cause increases in the amount of production to raise average costs. Typically, these diseconomies do not include the standard rising cost of inputs that scale often produces. Rather, the idea behind diseconomies of scale is that increased production requires investment in new supportive infrastructure, introduces costly complexity, and stretches scarce resources (such as management talent) so far as to detract from efficiency. A striking example of such diseconomies is the dysfunction of centrally planned economies such as the Soviet Union in the latter half of the twentieth century. There, the burden and complexity of managing an entire nation eventually led to declining competitiveness and standards of living. More prosaically, large corporations were often criticized for spreading themselves too thin, as in a 2018 New York Times piece, “In 2018, then, mergers, demergers and partnerships have continued to remix the world of business. And, for the first time in a while, there were also early glimmers that corporate America is realizing that bigger isn’t always better.[endnoteRef:40]” [40:  Benjamin Gomes-Casseres. 2018. “In 2018, Did Business Get Too Big?”.DealBook. December 21, 2018. Accessed April 28, 2019. https://www.nytimes.com/2018/12/21/business/dealbook/bigness-mergers-2018.html] 


SpaceX’s path to scaleSpaceX’s key strategy to achieve economies of scale was its embrace of reusability. While the notion of rocket reusability was not new to the industry, SpaceX took the concept to new levels and put it at the center of its business model. According to SpaceX, the fuel costs of a Falcon 9 launch were only $200,000, while the majority of total launch costs were due to the costs of building the vehicle.[endnoteRef:41] Musk estimated 60% of the Falcon 9’s marginal cost came from the first stage, 20% from the second stage, and 20% from the fairing and costs associated with launch.[endnoteRef:42] Therefore, starting with the first stage, and ultimately developing a fully reusable launch vehicle, SpaceX could dramatically cut down on the cost of producing new rockets. On the other hand, reusability imposed new costs: R&D to establish vertical landing capabilities, operating expenses to recover spacecraft and fairings, and refurbishment efforts between launches. To make reusability profitable, SpaceX had to have enough demand to spread these new costs – and of course the fixed costs of building the vehicle - across enough customers and launches. Developing vehicles like Falcon Heavy allowed the company to pack a large number of payloads into a single rocket. [41:  Shanklin, Emily. “Reusability.” SpaceX. March 23, 2013. Accessed December 13, 2018. https://www.spacex.com/reusability-key-making-human-life-multi-planetary.]  [42:  Henry, Caleb. “SpaceX Targeting 24-Hour Turnaround in 2019, Full Reusability Still in the Works.” SpaceNews.com, May 11, 2018. https://spacenews.com/spacex-targeting-24-hour-turnaround-in-2019-full-reusability-still-in-the-works/.] 


SpaceX, like all firms in the launch market, sought to take advantage of a virtuous cycle in which growth led to cost reductions and, thus, more growth through lower prices. Such a cycle could operate for multiple companies, if lower costs drove increased demand, or—if market size remained limited—for only those companies that gained market share. Shotwell noted that the launch market appeared to be closer to the latter case than the former, at least in 2018 and likely until human spaceflight became routine: “So obviously, the market has to grow a bit. We launched 18 times in 2017, served the market. As I said, in 2018 we’ll launch just under 30, serving the market. And we’re doing probably 60% of the launches across the globe, so in order to launch every day you have to have a lot more launches. And I think once we’re flying people that could actually be realized.”[endnoteRef:43]  [43:  “CNBC Speaks to SpaceX President Gwynne Shotwell, 5’24’’, CNBC. May 22, 2018. Accessed December 12, 2018. https://www.cnbc.com/video/2018/05/22/cnbc-speaks-to-spacex-president-gwynne-shotwell.html; also available at https://www.youtube.com/watch?v=clhXVdjvOyk&feature=youtu.be, accessed April 16, 2019] 


To take advantage of this virtuous cycle, SpaceX generated an initial cost advantage by leveraging the change in government contracting that came with the COTS program. ULA, Boeing, Lockheed Martin and other legacy contractors had argued that the pre-COTS cost-plus contracts were appropriate in a sector that required firms to make upfront R&D expenditures on products with limited, or at best uncertain, commercial viability. However valid that argument was, cost-plus contracts also diminished companies’ incentives to lower costs and improve efficiency. As budget pressure and dissatisfaction with the Shuttle mounted in the 2000s, NASA experimented with fixed price contracts under COTS, rewarding companies that were able to lower their costs and thus bid for lower fixed fees and nevertheless sustain profit margins. 

The switch in contracting was viewed as a key component in the remarkable cost savings achieved under COTS and its successors. As expert Edgar Zapata explained in “An Assessment of Cost Improvements in the NASA COTS/CRS Program and Implications for Future NASA Missions”[endnoteRef:44],  NASA’s estimates were that the SpaceX ISS resupply missions cost one-third what a conventional program would have cost. Similarly, when NASA investigated SpaceX’s 2010 estimates that Falcon 9 development costs would be $300 million, it verified that the company was fundamentally changing the economics of launch. NASA’s initial study determined that if NASA had attempted to develop the Falcon 9, it would have cost $4 billion.[endnoteRef:45] Even when NASA assumed a more commercial scenario, it estimated a cost of $1.7 billion.[endnoteRef:46] Unable to account for the remaining $1.4 billion cost reduction, NASA visited SpaceX’s facilities to gather more information and revise its inputs to the cost estimation model. Following its visit to SpaceX, NASA estimated the Falcon 9 would have cost $1.4 billion in a cost-plus contract model and $443 million in a firm fixed price model.[endnoteRef:47]  [44:  Zapata, Edgar. 2017. “An Assessment of Cost Improvements in the NASA COTS/CRS Program and Implications for Future NASA Missions.” NASA. https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20170008895.pdf.]  [45:  NASA Associate Deputy Administrator for Policy. “Falcon 9 Launch Vehicle NAFCOM Cost Estimates.” August 2011. Accessed December 13, 2018. https://www.nasa.gov/pdf/586023main_8-3-11_NAFCOM.pdf
]  [46:  NASA Associate Deputy Administrator for Policy. “Falcon 9 Launch Vehicle NAFCOM Cost Estimates.” August 2011. Accessed December 13, 2018. https://www.nasa.gov/pdf/586023main_8-3-11_NAFCOM.pdf.]  [47:  Ibid.] 


Several factors contributed to SpaceX’s cost efficiency, including the focus on reliability without over-engineering and vertical integration that had been part of Musk’s initial strategy of disruption. NASA’s analysis highlighted the importance of reducing redundant elements of vehicle design and learning from previous vehicles (e.g, Falcon 9 and Falcon 1). SpaceX itself emphasized its use of off-the-shelf components and previously used, proven technologies wherever possible rather than developing new, custom built technology.[endnoteRef:48]  At the same time, SpaceX was highly vertically integrated, unlike many other launch competitors, allowing them to eliminate transaction costs throughout the supply chain. SpaceX designed its Falcon rockets with commonality in mind. Both of Falcon 9’s stages are powered by RP1 and liquid oxygen, so only one type of engine is required. Both are the same diameter and are constructed from the same aluminum-lithium alloy, reducing the amount of tooling and the number of processes and resulting in what Musk calls “huge cost savings.” SpaceX estimated that subcontractor overhead and profits could result in a 3 to 5x increase in costs for every dollar sent out of the company.[endnoteRef:49]  [48:  See https://www.nasa.gov/pdf/586023main_8-3-11_NAFCOM.pdf and https://www.nasa.gov/sites/default/files/atoms/files/cots_lessons_learned_report_final_signed.pdf]  [49:  NASA Associate Deputy Administrator for Policy. “Falcon 9 Launch Vehicle NAFCOM Cost Estimates.” August 2011. Accessed December 13, 2018. https://www.nasa.gov/pdf/586023main_8-3-11_NAFCOM.pdf.] 


Three additional factors were cited as helping to drive SpaceX’s cost containment: an intense work environment, organizational simplicity, and lean infrastructure.[endnoteRef:50] SpaceX’s workforce was smaller than its larger competitors, and both former employees and outsiders described it as a high-intensity workplace. SpaceX had a relatively flat organization with little overhead, and it used less infrastructure and higher machine utilization than competitors to lower its fixed costs. In short, SpaceX tried to do (and often seemed to succeed in doing) more with less, though critics warned that SpaceX’s demands on its employees “might blow up a team or set impossible expectations.”[endnoteRef:51] Nevertheless, as of early 2019 SpaceX enjoyed a high employee rating on glassdoor.com (an online platform on which employees rate their employers) relative to competitors such as Blue Origin and ULA.  [50:  Ibid.]  [51:  Shotwell, Gwynne. “Transcript of “SpaceX’s Plan to Fly You across the Globe in 30 Minutes”.” Ted. Accessed December 13, 2018. https://www.ted.com/talks/gwynne_shotwell_spacex_s_plan_to_fly_you_across_the_globe_in_30_minutes/transcript.] 


Perhaps surprisingly, reusability did not play a large role in SpaceX’s cost competitiveness over these early years, as only a single Falcon 9 booster had been reused four times by 2019, far too little reuse to see significant cost savings. According to some sources, any projected cost savings from the reusable first stage of Falcon 9 would remain in the future and depend on a high cadence of launch.

Funding a Mars Mission

SpaceX hoped to continue building on its many successes--both technological and financial--in developing Starship. Shotwell remarked that funding Starship would rely on SpaceX “plowing our entire revenue stream back into our technology,”[endnoteRef:52] with Musk agreeing that, “if we can build a system (Starship) that cannibalizes our own products, makes our own products redundant, then all the resources I used for Falcon 1, 9, Heavy and Dragon can be applied to one system.” Musk estimated that the cost of development for Starship alone could reach two or three billion dollars.[endnoteRef:53] [52:  Ryssdal, Kai. “SpaceX’s Gwynne Shotwell Says We’ll Be on Mars within 10 Years.” Marketplace: Corner Office, December 11, 2018.]  [53:  Making Life Multiplanetary. Accessed April 13, 2020. https://www.youtube.com/watch?v=tdUX3ypDVwI&t=1s.] 


Once Starship was developed, SpaceX would also have to fund the potential Mars mission. NASA estimated a crewed mission to Mars would cost no less than $200 billion (see Exhibit 6a,b), assuming the agency’s Space Launch System (SLS) and Orion module would be utilized. The non-profit Mars One, which “[aimed] to establish a permanent human settlement on Mars” brought the estimate closer to $6 billion.[endnoteRef:54] Developing a budget for such a feat appeared, in other words, to be a difficult task. Regardless, SpaceX would have to find a way to pay for its mission while sustaining operations. When financial difficulties caused the company to cut 10% of its workforce in January 2019, Musk noted that projects like Starship “have bankrupted other organizations.”[endnoteRef:55]  [54: Mars One. “Mission Budget - Finance and Feasibility.” Accessed October 16, 2019. https://www.mars-one.com/faq/finance-and-feasibility/what-is-mars-ones-mission-budget.]  [55:  Mervosh, Sarah. “SpaceX, Elon Musk’s Rocket Company, Cuts 10 Percent of Its Work Force.” The New York Times, January 12, 2019, sec. Business. https://www.nytimes.com/2019/01/12/business/spacex-layoffs-elon-musk.html.] 


Small Satellite Launch 

SpaceX’s main revenue source came from launching satellites into Earth orbit, the activity which not coincidentally made up the vast majority of global space revenues.[endnoteRef:56] Just over a decade after entering the market, SpaceX had become the leading launch provider, with revenues of $2 billion, and it had changed the economics of the satellite market.[endnoteRef:57] Notably, by packaging various payloads of different sizes together to send to space in “rideshares”, SpaceX was able to efficiently spread fixed costs across its product lines and multiple launches.  [56:  “The Annual Compendium of Commercial Space Transportation: 2018.” Federal Aviation Administration, January 2018. https://www.faa.gov/about/office_org/headquarters_offices/ast/media/2018_ast_compendium.pdf.]  [57:  Sheetz, Michael. “SpaceX Is the No. 1 Rocket Company by Revenue, with $2 Billion Last Year, Jefferies Estimates.” CNBC, May 20, 2019. https://www.cnbc.com/2019/05/20/spacex-revenue-2-billion-from-rockets-last-year-jefferies-estimate.html.] 


As a result of SpaceX’s dramatic reduction in cost to low-Earth orbit, demand for launch increased, most significantly among small satellite owners and operators. These satellites were small enough (less than 500 kg) that once the majority of the Falcon 9 (with a capacity of 22,800 kg) had been filled with larger payloads, they could “piggyback” on a launch, filling up remaining space and enjoying low costs to orbit.

Shortly after Falcon 9 became operational, the small satellite market saw a major boom, with a 23% compounded annual growth rate in 2009 to 2018. In 2017, these payloads made up 69% of total launches while only accounting for 4% of total mass.

The greatest source of growth was the launch of large “constellations” or groups of small satellites. When operated in concert, small satellites achieved greater functionality, allowing for increased revisit times over areas on Earth or increased spatial resolution. Constellations for earth-imaging (such as Planet’s Dove) and satellite broadband (such as SpaceX’s Starlink) accounted for much of the demand in launch, as they included hundreds or even thousands of satellites.   

As the market for small satellites and constellations grew, the launch industry saw new entrants to the market, competing for SpaceX’s market share. Companies such as Vector and RocketLab began developing small launchers (with payload capacity under 1,000 kg), offering “dedicated” rides for small payloads. While SpaceX remained the most competitive in terms of price per kilogram to orbit (Exhibit 7), these dedicated small satellite launchers offered increased responsiveness.[endnoteRef:58] When purchasing a “rideshare” on a larger rocket, small satellite operators were beholden to the interests of the primary payload, often dealing with unpredictable schedules or compromising on desired orbit destinations. Small launchers could offer dedicated, predictable, bespoke orbit access. By 2019, there were an estimated 100 small launcher companies in development, some founded by former SpaceX employees.  [58:  O’Callaghan, Jonathan. “SpaceX Says It Will Offer Regular Rideshare Missions To Space For Small Satellites.” Forbes, August 6, 2019. https://www.forbes.com/sites/jonathanocallaghan/2019/08/06/spacex-says-it-will-offer-regular-rideshare-missions-to-space-for-small-satellites/.] 


Some believed that the market for small launchers was overblown, jeopardizing the fate of new companies. Bryan Baldwin of the innovations department of Northrop Grumman reasoned that with the bulk of demand coming from constellations, “if you look at the number of satellites that they are putting up in these constellations, we see that as a market for the larger launch vehicles. Just by economies of scale, to put that many spacecraft up, it doesn’t fit well in the small launcher arena. I think you can do satellite replenishment and those types of things, but you are talking about a lot of satellites that — it’s just going to take bigger rockets to do that.”[endnoteRef:59] In the past, small satellites relied on medium (up to 7,000 kg to LEO) to light-lift (up to 1,500 kg to LEO) vehicles (Exhibit 8). The question was whether the demand could be met by existing vehicles like Falcon 9, or if small launchers would ultimately become a viable, or even preferable, option. [59:  SpaceNews.com. “Q&A: The Changing Assumptions of the Small Launch Market,” May 14, 2019. https://spacenews.com/qa-the-changing-assumptions-of-the-small-launch-market/.] 


SpaceX took note of the competition offered by new launch companies, with Gwynne Shotwell remarking, “one should always be aware of competition…Boeing and Lockheed dismissed the competition that we could provide a decade or so ago because they thought we would never make it…and to their misfortune, actually.” SpaceX’s response was to begin the “SmallSat Rideshare Program” in 2019, offering dedicated launches for small satellites below 200 kg on a regular cadence for $1 million a mission. According to Darrell Etherington from TechCrunch, “this is a clever way to drum up more business for SpaceX. Based on all the conversations I’ve had with space tech startups and people working in the industry, the main cap right now on activities is securing launch services. By addressing this bottleneck, and doing so in a way that offers as much flexibility as you can when dealing with rocket launches, the company could potentially capture a lot more of the commercial space business revenue it’s currently leaving on the table.”[endnoteRef:60] [60:  Etherington, Darrell. “SpaceX Will Now Offer Dedicated ‘Rideshare’ Launches for Small Satellites.” TechCrunch (blog), August 5, 2019. http://social.techcrunch.com/2019/08/05/spacex-will-now-offer-dedicated-rideshare-launches-for-small-satellites/.] 


Clearly, for SpaceX, guarding its position in the small satellite launch market was a priority. Even without worrying about the threat from potential competitors, however, SpaceX would also have to rely on the sustained health of the satellite market. The current boom in launch could prove limited, as many constellations were projected to be fully deployed by the mid-2020s. EuroConsult predicted, for example, that market growth would peak in 2024 at 48%.[endnoteRef:61] Moreover, SpaceX had previously overestimated launch demand. In 2017, it forecast operating 30 to 40 launches per year in 2018. By the end of 2018, SpaceX had only launched 21 times, reaching a similar number towards the close of 2019. Looking back on those projections, Shotwell remarked, “We thought the commercial market might expand to that, I think we probably wished it had.”[endnoteRef:62]  [61:  Henry, Caleb. “Euroconsult Report Projects 1,155 Satellites Manufactured and Launched by 2023.” Via Satellite, August 1, 2014. https://www.satellitetoday.com/innovation/2014/08/01/euroconsult-report-projects-1155-satellites-manufactured-and-launched-by-2023/.]  [62:  Henry, Caleb. “SpaceX to Launch ‘Dozens’ of Starlink Satellites May 15, More Starlink Launches to Follow.” Space News, March 7, 2019. https://spacenews.com/spacex-to-launch-dozens-of-starlink-satellites-may-15-more-starlink-launches-to-follow/.] 


Starlink and the Promise of Satellite Broadband

In May of 2019, SpaceX launched 60 satellites into LEO, the first of the planned 12,000 that would make up its own megaconstellation, Starlink. Intended to be fully operational by 2027, Starlink would provide low latency, high bandwidth global broadband internet, targeting rural communities and populations with low connectivity. With Falcon 9 making launch affordable, developing a satellite constellation seemed to be the next logical, and potentially lucrative, step for Musk. By SpaceX’s own estimations, Starlink could eventually bring in revenues of $30 billion by 2025, far surpassing revenues from launch (Exhibit 9).

By 2019, three other companies (Telesat, OneWeb, and Amazon’s Project Kuiper) had drawn up proposals for similar satellite broadband constellations, aiming to bring online the remaining four billion people without internet access and reduce lag times between distant locations. By using satellites for internet provision, these companies would avoid expensive ground-based infrastructure such as fiber-optic cables. Furthermore, bypassing physical infrastructure could significantly reduce lag, especially with satellites orbiting close to Earth in LEO utilizing laser communication, beaming data at nearly the speed of light.

Even with all the fervor around satellite broadband, it was still unclear whether these new services would be as affordable or useful as expected. While not as complex as laying down fiber optic cables, developing ground stations to service the thousands of satellites that would encircle the globe could still end up costing customers more than traditional internet options. Beyond that, the benefits of these types of services were only dramatic for long-distance connections, while fiber optic cables would still provide higher speeds for short distances.[endnoteRef:63]  [63:  Mosher, Dave. “Elon Musk Just Revealed New Details about Starlink, a Plan to Surround Earth with 12,000 High-Speed Internet Satellites. Here’s How It Might Work.” Business Insider, May 16, 2019. https://www.businessinsider.com/spacex-starlink-satellite-internet-how-it-works-2019-5.] 


Furthermore, the demand for satellite internet was still unclear, with existing terrestrial broadband offering stiff competition. Matt Desch, CEO of Iridium, a satellite communication company that focuses on voice and data wondered, “is there enough demand in the world for all that capacity coming online over the next 10 years? No one really knows. The investment markets are clearly concerned, which is why these new markets are being slow to be funded, at least by the public equity and debt markets.”[endnoteRef:64]  [64:  Oberhaus, Daniel. “SpaceX Is Banking on Satellite Internet. Maybe It Shouldn’t.” Wired, May 15, 2019. https://www.wired.com/story/spacex-starlink-satellite-internet/.] 


Human Transportation

Another potential target market for SpaceX was human spaceflight, as Musk believed that—at the right price—there would be a viable market for travel to Mars:

If you can reduce the cost of moving to Mars to around the cost of a middle-class home in California—maybe to around half a million dollars—then I think enough people would buy a ticket and move to Mars. You obviously have to have quite an appetite for risk and adventure. But there are seven billion people on Earth now, and there’ll be probably eight billion by the midpoint of the century. So even if one in a million people decided to do that, that’s still eight thousand people. And I think probably more than one in a million people will decide to do that.[endnoteRef:65] [65:  Chaikin, Andrew. “Is SpaceX Changing the Rocket Equation?].” Air & Space, January 2012. https://www.airspacemag.com/space/is-spacex-changing-the-rocket-equation-132285884/.] 


UBS reports estimated space tourism could be worth about $3 billion by 2030 and eventually grow to an annual market of $20 billion, even competing with long-distance airline flights for point-to-point travel.[endnoteRef:66] Virgin Orbit and Blue Origin both intended to exploit this market with suborbital offerings, in addition to shuttling people to LEO or the moon, while Musk seemed singularly focused on reaching Mars. Shotwell shared his optimism on human spaceflight, remarking, “in [our] lifetime it is going to be commonplace for people to go to space…the economics we have to get right on that, doing it is different than doing it affordably.”[endnoteRef:67]  [66:  Berrisford, Carl. “Space.” Longer Term Investments. UBS, November 30, 2018.]  [67:  Ryssdal, Kai. “SpaceX’s Gwynne Shotwell Says We’ll Be on Mars within 10 Years.” Marketplace: Corner Office, December 11, 2018.] 


If not humans, perhaps Starship could be used to transport cargo, but Musk admitted, “that’s where things get a little dodgy, we’re not quite sure how to pay for the vehicle…the DOD might have some ideas for putting some big things in space,”. To make Starship cost-effective and exploit economies of scale in the way Falcon 9 had, SpaceX would have to build up a regular launch cadence, transporting something, or, ideally, someone, to space. 

At the end of the day, Musk made it quite clear that he would not stop until he had developed the capability to put humans in Mars, believing that:

Fundamentally, the future is vastly more exciting and interesting if we are a spacefaring species and a multiplanetary species than if we are not. You want to wake up in the morning and think the future’s going to be great. And that’s what being a spacefaring civilization is all about. It’s about believing in the future.[endnoteRef:68] [68:  “Making Life Multiplanetary SpaceX.” Accessed April 13, 2020. https://www.spacex.com/mars.] 





Exhibit 1Summary of NASA’s FY19 Budget Request
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Source:	NASA. “FY 2019 Budget Estimates.” Accessed December 12, 2018. https://www.nasa.gov/sites/default/files/atoms/files/fy19_nasa_budget_estimates.pdf


Exhibit 2Global launch market by nation and company
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Source:	“The Space Race is Dominated by New Contenders.” The Economist. October 18, 2018. Accessed December 12, 2018. https://www.economist.com/graphic-detail/2018/10/18/the-space-race-is-dominated-by-new-contenders.




Exhibit 3Launch capabilities of SpaceX’s Falcon vehicle family iterations.



		Payload Capability (kg)

		Reusable or Expendable Configuration

		Low Earth Orbit

		Low Polar Earth Orbit

		Sun Synchronous Orbit

		Geostationary Transfer Orbit

		Geostationary Orbit

		Interplanetary Trajectory



		Falcon-1 (dev)

		Expendable

		                                      420 

		 - 

		 - 

		 - 

		 - 

		 - 



		Falcon-1

		Expendable

		                                      470 

		                                      290 

		 - 

		 - 

		 - 

		 - 



		Falcon-1e

		Expendable

		 - 

		                                   1,010 

		 - 

		 - 

		 - 

		 - 



		Falcon 9 v1.0

		Expendable

		                                   9,900 

		 - 

		 - 

		                                   4,050 

		 - 

		



		Falcon 9 v1.1

		Expendable

		                                10,450 

		                                   9,000 

		                                   8,159 

		                                   4,850 

		 - 

		                                   2,473 



		Falcon 9 v1.1

		

Reusable

		 - 

		 - 

		 - 

		 - 

		 - 

		 - 



		Falcon 9 v1.2

		Expendable

		 - 

		 - 

		 - 

		                                   6,700 

		 - 

		 - 



		Falcon 9 v1.2

		Reusable

		                                22,800 

		 - 

		 - 

		                                   5,300 

		 - 

		                                   4,020 



		Falcon Heavy

		Expendable

		                                63,800 

		 - 

		 - 

		                                26,700 

		 - 

		                                16,800 



		Falcon Heavy

		Reusable

		 - 

		 - 

		 - 

		                                   8,000 

		 - 

		 - 



		Starship

		Expendable

		                              250,000 

		 - 

		 - 

		 - 

		 - 

		 - 



		Starship

		Reusable

		                              150,000 

		 - 

		 - 

		 - 

		 - 

		 - 







Source:	Compiled from “Launch Vehicles - USA,” Gunter’s Space Page, Accessed April 13, 2020. https://space.skyrocket.de/directories/launcher_usa.htm.




Exhibit 4aSpaceX’s funding from the Commercial Crew and Cargo Program.



		Year

		COTS

		CRS-1

		CRS-2

		CCDev-2

		CCiCap

		CCtCap



		2006

		$52,488,000 

		-   

		  -   

		-   

		-   

		-   



		2007

		$102,146,000 

		-   

		  -   

		-   

		-   

		-   



		2008

		$88,085,231 

		$9,739,760 

		  -   

		-   

		-   

		-   



		2009

		$20,280,767 

		$78,449,400 

		  -   

		-   

		-   

		-   



		2010

		$29,576,473 

		$154,345,638 

		-   

		-   

		-   

		-   



		2011

		$103,423,527 

		$129,130,677 

		  -   

		$75,000,000 

		-   

		-   



		2012

		-   

		$211,622,746 

		 -   

		-   

		$165,000,000 

		-   



		2013

		-   

		$399,486,844 

		-   

		-   

		$165,000,000 

		-   



		2014

		-   

		$324,347,423 

		-   

		-   

		$70,000,000 

		$148,800,000 



		2015

		-   

		$408,173,112 

		-   

		-   

		$33,500,000 

		$330,200,000 



		2016

		-   

		$463,522,216 

		$117,631,181 

		-   

		$3,500,000 

		$216,406,611 



		2017

		-   

		$275,203,932 

		$106,420,800 

		-   

		$23,000,000 

		$400,680,228 



		2018

		-   

		$273,532,292 

		$137,098,047 

		-   

		-   

		$110,859,256 



		Total

		$395,999,998

		$2,727,554,039

		$361,150,028

		$75,000,000

		$460,000,000

		$1,206,946,095 










Exhibit 4bSpaceX’s funding from the Commercial Crew and Cargo Program

[image: ]

Source:	Federal Procurement Data Systems. “’SPACE EXPLORATION TECHNOLOGIES CORPORATION’.” Accessed December 12, 2018. https://www.fpds.gov/ezsearch/fpdsportal?indexName=awardfull&
templateName=1.5.1&s=FPDS.GOV&q=NNJ06TA26S+VENDOR_FULL_NAME%3A%22SPACE+EXPLORATION+TECHNOLOGIES+CORPORATION%22&x=0&y=0




Exhibit 5aComparison of SpaceX’s launch vehicle costs to similar vehicles.

		



		Unit Costs

		Comparable Unit Costs

		Non-Recurring Engineering Costs

		Comparable Development Costs



		Falcon 1

		$7.8 milliona,[endnoteRef:69] [69:  “Falcon 1 Launch Delayed Again; More Tests Planned.” SpaceNews.com. December 05, 2014. Accessed December 17, 2018. https://spacenews.com/falcon-1-launch-delayed-again-more-tests-planned/. ] 


		$4.9 million per flight Rocket Lab Electron[endnoteRef:70] [70:  Blau, Patrick. “Launch Week Arrives for Rocket Lab’s Electron.” Spaceflight101. Accessed December 17, 2018. http://spaceflight101.com/launch-week-arrives-for-rocket-labs-electron/. ] 


		$90 million[endnoteRef:71] [71:  NASA. “Commercial Market Assessment for Crew and Cargo Systems.” April 27, 2011. Accessed December 12, 2018. https://www.nasa.gov/sites/default/files/files/Section403(b)CommercialMarketAssessmentReportFinal.pdf ] 


		$100 million Rocket Lab Electron[endnoteRef:72]  [72:  Blau, Patrick. “Launch Week Arrives for Rocket Lab’s Electron.” Spaceflight101. Accessed December 17, 2018. http://spaceflight101.com/launch-week-arrives-for-rocket-labs-electron/. ] 




		Falcon 9

		$62 million[endnoteRef:73] [73:  Berger, Eric. “Ariane Chief Seems Frustrated with SpaceX for Driving down Launch Costs.” Ars Technica. May 21, 2018. Accessed December 17, 2018. https://arstechnica.com/science/2018/05/ariane-chief-seems-frustrated-with-spacex-for-driving-down-launch-costs/. ] 


		Starting at $109 million per flight ULA Atlas V[endnoteRef:74] [74:  Atlas V. Accessed December 17, 2018. https://www.ulalaunch.com/rockets/atlas-v. ] 


		$300 million[endnoteRef:75] [75:  NASA. “Commercial Market Assessment for Crew and Cargo Systems.” April 27, 2011. Accessed December 12, 2018. https://www.nasa.gov/sites/default/files/files/Section403(b)CommercialMarketAssessmentReportFinal.pdf ] 


		$443 million to $1,383 million NAFCOM estimate[endnoteRef:76] [76:  Ibid.] 




		Falcon Heavy

		$90 million to $150 million (fully expendable)[endnoteRef:77] [77:  O’Kane, Sean. “SpaceX Wins Bid to Fly Classified Military Satellite on Falcon Heavy.” The Verge. June 22, 2018. Accessed December 17, 2018. https://www.theverge.com/2018/6/22/17488068/spacex-wins-bid-classified-military-satellite-falcon-heavy. ] 


		$350 million to $600 million per flight ULA Delta IV Heavy[endnoteRef:78] [78:  Ibid.] 


		 $500 million[endnoteRef:79] [79:  Ibid.] 


		$2,000 million ULA Vulcan[endnoteRef:80] [80:  “ULA’s Parent Companies Still Support Vulcan ... with Caution.” SpaceNews.com. March 10, 2016. Accessed December 17, 2018. https://spacenews.com/ulas-parent-companies-still-support-vulcan-with-caution/. ] 




		Starship

		 Unknown

		$1,100 million per flight for NASA Saturn V ($650 million to produce)[endnoteRef:81] [81:  Williams, Matt. “Falcon Heavy Vs. Saturn V.” Universe Today. January 16, 2018. Accessed December 12, 2018. https://www.universetoday.com/129989/saturn-v-vs-falcon-heavy/. ] 


		$5,000 million to $10,000 million[endnoteRef:82] [82:  Woodyard, Chris. “8 Things Elon Musk Wants You to Know about SpaceX’s Monster BFR Spaceship.” USA Today. September 28, 2018. Accessed December 17, 2018. https://www.usatoday.com/story/news/2018/09/27/spacexs-bfr-spaceship-rocket-elon-musk-space-travel/1430175002/. ] 


		$35,000 million NASA Saturn Vb,[endnoteRef:83] [83:  NASA. Accessed December 12, 2018. https://history.nasa.gov/SP-4029/Apollo_18-16_Apollo_Program_Budget_Appropriations.htm. ] 




		Dragon 1[endnoteRef:84] [84:  Zapata, Edgar. “An Assessment of Cost Improvements in the NASA COTS/CRS Program and Implications for Future NASA Missions.” Accessed December 12, 2018. https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20170008895.pdf ] 


		$98 million

		$174 million Cygnus/
Northrop Grumman

		$659 million

		$596 million Cygnus/
Northrop Grumman



		Dragon 2[endnoteRef:85] [85:  Ibid. ] 


		$308 million

		$418 million CST-100/Boeing

		$2,201 million

		$3,271 million CST-100/Boeing





Source:	Casewriter compiled from various sources.

a $5.9 million as of 2005. $7.8 million represent 2018-dollar value.

b Estimated from total Saturn V appropriation funding less $1,100 million for thirteen Saturn V launches. The $1,100 million-unit cost and $35,000 development cost have been converted to 2018 dollars.




Exhibit 5bLaunch vehicle costs over time. Marker size indicates relative payload capability of launch vehicle in kilograms. Logarithmic scale.

[image: ]



Source:	Zapata, Edgar. “The State of Play US Space Systems Competitiveness: Prices, Productivity, and Other Measures of Launchers & Spacecraft.” presented at the Future In-Space Operations Seminar, NASA Kennedy Space Center, October 11, 2017. https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20170012517.pdf.




Exhibit 6aCost Estimates (in billions of FY17 dollars for Orbital Mars Mission)

		System

		Costs through FY 2018

		Projected System Costs (2019 onward)

		Total System Costs



		SLS

		15.9

		17.8

		33.6



		Exploration Ground Systems

		3.0

		2.7

		5.7



		Orion

		14.9

		10.7

		25.6



		Gateway

		

		6.6

		

		6.6



		DST

		

		29.2

		

		29.2



		Exploration Ground Systems Operations

		

		16.2

		

		16.2



		Suborbital Mission to Mars through 2037

		33.7

		83.2

		

		116.9



		Cost associated with Mars Orbital Mission 2038-2040

		

		3.7

		

		3.7



		Orbital Mission to Mars Total

		33.7

		86.9

		

		120.6





Source:	Linck et al. “Evaluation of a Human Mission to Mars by 2033.” IDA Science & Technology Policy Institute, February 2019. https://www.ida.org/-/media/feature/publications/e/ev/evaluation-of-a-human-mission-to-mars-by-2033/d-10510.ashx.



Exhibit 6bCost Estimates (in billions of FY 2017 dollars) for Exploration Systems through 2037

		System

		Costs through FY 2018

		Projected System Costs (2019 onward)

		Total System Costs



		Orbital Mission to Mars Costs through 2037

		33.7

		83.2

		116.9



		Lunar landings

		

		20.0

		20.0



		Mars Surface Systems

		

		24.6

		24.6



		Other Human Spaceflight

		

		55.9

		55.9



		Human Spaceflight Total

		33.7

		183.6

		217.4





Source:	Linck et al. “Evaluation of a Human Mission to Mars by 2033.” IDA Science & Technology Policy Institute, February 2019. https://www.ida.org/-/media/feature/publications/e/ev/evaluation-of-a-human-mission-to-mars-by-2033/d-10510.ashx.




Exhibit 7Comparison of current U.S. launch vehicles with SpaceX’s Falcon 9

		Vehicle

		Electron

		Minotaur IV

		Minotaur C

		Antares

		Atlas V

		Vector-R (Proposed)

		Falcon 9



		

Manufacturer

		

Rocket Lab



		

Northrup Grumman

		

Northrup Grumman

		

Orbital ATK

		

ULA

		

Vector

		

SpaceX



		2017 Total Launches



		1



		1

		1

		1

		6

		0

		18



		Total Launches in Last 10 years



		1

		4

		10

		7

		74

		0

		46



		Launch Reliability (Last 10 Years)



		0/1 (0%)

		4/4 (100%)

		10/10 (100%)

		6/7 (86%)

		74/74 (100%)

		

		45/46 (98%)



		Year of First Launch



		2017

		2010

		1994

		2013

		2002

		

		2010



		Payload to LEO (kg)



		150

		1,600

		1,458

		6,200-6,600

		8,123-18,814

		60

		22,800



		Cost





		$5.7 million

		-

		-

		-

		$150 million

		$3 million

		$62 million



		Cost/kg to LEO

		$38,000

		-

		-

		-

		$8,800

		$50,000

		$2,700



		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		







Source:	“The Annual Compendium of Commercial Space Transportation: 2018,” Federal Aviation Administration, January 2018. https://www.faa.gov/about/office_org/headquarters_offices/ast/media/2018_ast_compendium.pdf.




Exhibit 8Mass of small satellites (below 500 kg) launched from 2011 to 2015

[image: ]

Source:	“Micro-Launchers: What Is the Market?” Thought Leadership on the Space Sector. PWC, February 2017. https://www.pwc.fr/fr/assets/files/pdf/2018/11/space/pwc-micro-launchers-what-is-the-market.pdf




Exhibit 9SpaceX revenue and operating income, historical and projected

[image: ]

Source: 	Pasztor, Rolfe Winkler and Andy. “Exclusive Peek at SpaceX Data Shows Loss in 2015, Heavy Expectations or Nascent Internet Service.” Wall Street Journal, January 13, 2017, sec. Tech. https://www.wsj.com/articles/exclusive-peek-at-spacex-data-shows-loss-in-2015-heavy-expectations-for-nascent-internet-service-1484316455.




Appendix A:SpaceX Financing Fact Sheet

Fundraising

In February 2020, SpaceX announced it was looking to raise an additional $250 million, bringing the total amount raised in 2020 to $3 billion and the total valuation of the company to $36 billion.[endnoteRef:86] In 2019, it closed three rounds of funding, raising $1.33 billion. [86:  Etherington, Darrell. “SpaceX Said to Be Seeking around $250 Million in Funding, Boosting Valuation to Roughly $36 Billion.” TechCrunch, February 21, 2020. https://techcrunch.com/2020/02/21/spacex-said-to-be-seeking-around-250-million-in-funding-boosting-valuation-to-roughly-36-billion/?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAABdmFKOmolZr9xjIXUBH9xNZhRe.] 


Revenue Streams

The company has two main areas of business: 1) launch of payloads and people; 2) the satellite internet constellation Starlink.  

Commercial Launch: Currently, SpaceX offers launches onboard two vehicles: Falcon 9, at $61.2 million per launch, or about $2,000/kg; and Falcon Heavy, with a payload capacity of 64 metric tons and an estimated price per launch of $90-120 million. The recent astronaut launches to the ISS are estimated to have cost $55 million/seat onboard the Falcon 9 to NASA.[endnoteRef:87] [87:  NASA’s Management of Crew Transportation to the International Space Station.” NASA Office of the Inspector General, November 14, 2019. https://oig.nasa.gov/docs/IG-20-005.pdf.] 




Table A.1SpaceX Launch Revenues + Contract Awards from NASA

		

		SpaceX Revenues from Commercial Launcha

		NASA ISS Commercial Crew Contracts (development)b

		NASA ISS Commercial Resupply Contractsc

		



		2011

		

		$0.1 b

		

		



		2012

		

		$0.5 b

		$3 b

		



		2013

		

		$2.6 b

		$3 b

		



		2014

		$1.1 b

		

		

		



		2015

		$0.9 b

		

		

		



		2016

		$1.0 b

		

		

		



		2017

		$1.3 b

		

		

		



		2018

		$2.0 b

		

		

		



		2019

		$0.9 b

		

		

		



		2020

		$1.2 b

		

		

		TOTAL



		Total

		$8.4 b

		$3.14 b

		$6.04 b

		$17.5 b







Source:	Compiled by Casewriter

a Trefis. “What Is Driving SpaceX’s Revenue & Valuation?” Accessed May 14, 20121. https://dashboards.trefis.com/data/companies/SPACEX/no-login-required/yaQTBXoY/What-Is-Driving-SpaceX-s-Revenues-Valuation-.

b Heiney, Anna. “Commercial Crew Program.” Text. NASA, August 14, 2019. http://www.nasa.gov/content/commercial-crew-program-the-essentials.

c Clark, Stephen. “SpaceX to Begin Flights under New Cargo Resupply Contract next Year.” Spaceflight Now. Accessed May 14, 2021. https://spaceflightnow.com/2019/08/02/spacex-to-begin-flights-under-new-cargo-resupply-contract-next-year/.






Table A.2SpaceX Launch Price Analysis

		

		Falcon 9

		Falcon Heavy



		Price per launch ($ million) from SpaceX

		61.2

		90.0



		Estimate of Current Gross Margin from Jefferies International LLC

		40%

		40%



		Direct Costs ($ million) calculated

		36.7

		54.0



		First stage as % of total direct costs from SpaceX

		75%

		75%



		First stage costs ($m) calculated

		27.5

		40.5



		Other costs ($m) calculated

		9.2

		13.5







Source:	Selding, Peter de. “SpaceX’s Reusable Falcon 9: What Are the Real Cost Savings for Customers?” SpaceNews, April 25, 2016. https://spacenews.com/spacexs-reusable-falcon-9-what-are-the-real-cost-savings-for-customers/.



Figure A.1Falcon 9 Costs

Fairing Cost: $5-6 million

# recovered: 11

# reflown: 8



The First Stage accounts for 70-75% of the costs for each Falcon 9 launch (~$27 million)

# of boosters landed: 68

# of boosters reflown: 47

# of times first stage can be reflown without hardware changes: 10

# of times first stage can be reflown with moderate refurbishment: 100

Refueling costs for the First Stage: $200,000-300,000





Sources: 	Selding, Peter de. “SpaceX’s Reusable Falcon 9: What Are the Real Cost Savings for Customers?” SpaceNews, April 25, 2016. https://spacenews.com/spacexs-reusable-falcon-9-what-are-the-real-cost-savings-for-customers/.

SpaceX. “Falcon Payload User's Guide,” p. 6, https://www.spacex.com/media/falcon-users-guide-2021-09.pdf, in “Falcon 9.” http://www.spacex.com/vehicles/falcon-9/, Accessed May 14, 2021.

Foust, Jeff. “SpaceX Gaining Substantial Cost Savings From Reused Falcon 9.” Space.com. Accessed May 14, 2021. https://www.space.com/36375-spacex-reused-falcon-9-rocket-cost-savings.html.



Starlink is a proposed constellation in low-Earth orbit aiming to provide satellite internet to terrestrial users. The beta rollout began in 2020, offering users access to Starlink for $99/month, with an upfront cost of $499 for hardware. Initial data speeds ranged from 50Mb/s to 150 Mb/s, with latency around 20ms-40ms. The cost of building and launching the constellation of satellites is estimated to be around $10 billion to achieve global coverage, requiring 1,400 satellites (as of 2020, there were 240 satellites in orbit).[endnoteRef:88] [88:  Sheetz, Michael. “SpaceX Starlink Service Priced at $99 a Month, Public Beta Test Begins.” CNBC, October 27, 2020. https://www.cnbc.com/2020/10/27/spacex-starlink-service-priced-at-99-a-month-public-beta-test-begins.html.] 


In December 2020, the FCC announced SpaceX would be one of 180 companies awarded a subsidy to bring Internet to rural areas in the U.S. with the Starlink constellation – the award was for $900 million (the second highest award), to be distributed over ten years. [endnoteRef:89] [89:  Sheetz, Michael. “SpaceX’s Starlink Wins Nearly $900 Million in FCC Subsidies to Bring Internet to Rural Areas.” CNBC, December 7, 2020. https://www.cnbc.com/2020/12/07/spacex-starlink-wins-nearly-900-million-in-fcc-subsidies-auction.html.] 


Forbes provides a market sizing for Starlink.[endnoteRef:90]  [90:  Trefis. “Starlink Valuation: What Could SpaceX’s Starlink Service Be Worth?” Accessed May 14, 2021. https://dashboards.trefis.com/no-login-required/uV0F5fdG/What-Could-SpaceX-s-Starlink-Service-Be-Worth-?fromforbesandarticle=trefis200213.
] 


· Estimated population by 2025 = 8 billion, internet penetration estimated at 72% (5.8 billion)

· Assume Starlink garners 0.1% of all new Internet users by 2021, rising to 2.3% by 2025

· New subscribers = 0.2 million in 2021 to 5.6 million by 2025

· User base = 14.4 million by 2025, implies revenues of $10 billion @ monthly ARPU of $60

· SpaceX annual revenues = $30 billion/year by 2025



Figure A.2Global Commercial Launches

[image: ]

Source:	FAA, “Licensed Launches,” April 19, 2021, https://www.faa.gov/data_research/commercial_space_data/launches/

Note:	Incomplete data for total global commercial launches in 2019-2020

Endnotes
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National Aeronautics and Space Administration

FY 2019 PRESIDENT'S BUDGET REQUEST SUMMARY

Budget Authority ($ in millions)
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Deep Space Exploration
Systems
Exploration Systems
Development
Advanced Exploration
Systems
Exploration Research
and Development
Exploration Research and
Technology
LEO and Spaceflight
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International Space
Station
Space Transportation
Space and Flight Support
(SFS)
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39.3
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FY 2017 reflects funding amounts specified in Public Law 115-31, Consolidated Appropriations Act, 2017, as executed under the Agency's current

FY 2017 Operating Plan.

A full-year 2018 appropriation for this account was not enacted at the time the budget was prepared; therefore, the budget assumes this account is
operating under the Continuing Appropriations Act, 2018 (Division D of P L. 115-56, as amended). The amounts included for 2018 reflect the
annualized level provided by the continuing resolution.

BUD-1






image3.png

140 orbital launches.

- Japan
P~ — —
10 = - o
=) -
_—— _ -
™ o Other
100 countries
-
80
-
- Soyuz MS-10
Failed to carry crew
) - a toIntemational Space
State launch Station on Oct 11th
providers

1957 19605 19705 19805 19905 20005 010s 2018

o = - -
mitsubishi I

Japan
| |

Commercial
launch providers
v






image4.png

ions

Mi

Commercial Crew and Cargo Programs Funding for SpaceX

$900
$800
$700
mcctcap
$600 )
ucCicap
= CCDev-2
$400 mCRs2
$300 mCRs1
$200 mcoTs

$100
s

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018






image5.png

$/kg to LEO

Year of First Launch vs. Cost per Kilogram to Low-Earth Orbit

5100000000
Pogasus XL
Scout 6-1) s
.
510000000
PP SLS (rojcted)
Space Shuttle * Flectron
sotares
.
Saumyv
10,000.00 AtasV:5a1.
$10, )
Fatoon 9
®  Facon veawy
$1.000.00 ‘/
$10000
s w0 w0 1m0 w0 200 200 200 2m0

Year of First Launch






image6.png

Mass of small satellites (below 500 kg) launched
from 2011 to 2015, by launch vehicle type

Micro-launchers

(e.g. Pegasus)
Heavy-lift vehicles 1t

(e.g. Ariane 5 class)

=

Medium-lift vehicles
(e.g. Soyuz class)
10t

Light-lft vehicles
(e.g. Vega class)
16t






image7.png

Revenue Operating income
' Launch Revenue  m Satellite Internet Revenue

$40 billion " $40 billion
35 ' Projections 35 + Projections
30 30
2 > .
20 ¥ 20

15 15







image8.png

80

70

60

50

40

30

20

10

0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

m SpaceX Launches m Total US Commercial Launches m Total Global Commercial Launches






image1.png

HARVARD|BUSINESS|SCHOOL








<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.5

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails true

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo true

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 300

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU (Use these settings to create high quality Adobe PDF documents suitable for a delightful viewing experience and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 7.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



