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- SPACEX: DISRUPTING
' THE SPACE INDUSTRY

This case was prepared by Melissa A. Schilling
of the School of Busingss, New York University.

In Apnil 2018, SpaceX was valued at $27.5 hillion,

making il one of the most valuable privately=held .

companies n the world. In just 16 years singe its
founding, the company had developed pevolufion-
ary space vehicle technology, including thEhorld’s
first reusable orbital class rocket (1B Falcon 9) and
the world’s most powerful rocker (the Filcon Heavy)
Perhaps even more remarkable, the.company offered
commercial space laumches ai a" price dramatically
lower than that offered Byiits leading competitors, It
was estimated thatby 20185SpaceX had already seized
over 600 ol the ghhnl market share for commer-
cial space launghes' The meteoric rise of SpaceX., a
startup [rom an industry outsider, was completely re-
writing the rulés of competition in the space industry

In 2002, Elon Musk was, 31 years old, had $180 mil-
lion, and was trying to décide what to do with the rest
of his life* He hadalready created and sold one of
the first success(il Internet portals, Zip2, a platform
that enabled newspapers 1o create and host their own
online “city guides™ The timing of the venture had
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been perfect; in the mid-1990s the penctigion of the
internet had growing exponentially, bt most busi-
nesses did not vet fully understandrhow to harness
it. As Musk noted. “When weined to get funding in
November 19935, more than hall the venture capital-
ists we met with didn’t Kmow what the Internet was
and had not wsed i, S8oon Musk'’s company was
hosting the websticdwel nearly 200 media companies,
including the Nep” York Times™ local directory site.
“New York Tod@y.” and newspapers owned by Hearst,
Times Mirrer; and Pulitzer Publishing * In February
1999, Coimpaqg bought Zip2 for $307 million in hopes
thavit*Could use the platform to help one of its other
products, AltaVista, become a top portal for search,
media, and shopping.®

Musk then founded an online financial services and
email payment company, X com. This company later
merged with Confinity. a company that had developed
the person-to-person email system PayPal, and the
merped companies worked 1ogether 1o make PayPal the
most successful online payment system in the world.
When eBay bought PavPal for 51.5 billion in stock in
2002, Musk personally got 3165 million from the sale.

Musk now had a pretty serious nest egg and won-
dered what he should do next. Money no longer moti-
vated him; instead he wondered what he could do that
would be most important to the world. Worried about
the human population’s overreliance on finile energy
sources, he helped 10 found Tesla Motors and Solar
City during this time, but another unusual possibility
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had also begun to take shape in his mind. Musk had Investing 53100 million of his own funds, Musk
been very disturbed to discover that NASA had no  founded a company in June 2002 in Hawthome
intentions of going 1o Mars, and he began to ponder  Califorma called Space Exploration — or SpaceX —and
what it would take. The major problem was not one  began developing a method that would streamline

of technologcul feasibility, he concluded, but rather  the production of that could be used more than
expense: Rockets could get into orbit, but they were  once If NASA going to bring humanity 1o
expensive and typically not reusable. This, he rea-  Mars, Musk ot himself

soned. was like throwing away your Boeing 747 al- Creating asockel company is an expensive, nsky

L3

ter every flight aeross the Atlantic, and it made space  venture, afid 'most of the space indusiry found it
travel ludicrously impractical. Musk made the aston-  highly iftprobable that an outsider with a small team
ishing decision to pick up where NASA had left off. and could be successful. As Tom Mueller, one
Musk began to study rocket science texts such as X's first engineers notes. “At TRW 1 had an’
Rocket Propulsion Elements. Fundmmentaly of Astro- of peoplke and government funding. NeoWhwe
dyvnamics, and Aevothermodymamics of Gas Turbine tre. going 1o make a low-cost rocket withW smiall
and Rocket Propulvion. He traveled to Russia w team. People just didn't think it could be dise. ™
friends Jim Cantrell. Adeo Ressi, and Mike Musk, however, felt that the spa%ndusuy wias
) overdue for modernization. Acrospace companies
ballistic missile 10 use as a launch vehiclg Though  had litde competition and made cxtremely expen-
the team met with the Russians three ti ape-  sive, high-performance rockets. mﬁ')r every launch.
riod of 4 months, in the end when suggested  Musk, on the other hand qi'ld:d to apply Silicon
he wanted two missiles for S8 mi ¢ Russians  Valley’s techniques of lean and capitalizing
dismissed him, telling him his p! impossible. As  on massive advancement® ift computing and materi-
Cantrell recounted, “They logked at w8 like we were  als technology. Musk's/Conversations with acrospace
not credible people ... One OF their chiel designers  contractors convificed him that they all charged too

spit on me and Elon se he thought we were full  much money worked too slowly. He decided that
of shit." On the flight h as Giriffin, Ressi, and  SpaceX should try to make as much of the componen-
Cantrell somberly jﬁﬂﬁmﬂ of the Russian ex-  try as possible inhouse, including engines, guidance
pedition, Musk sat in'‘the row in front of them, frenet- systcms.‘\nd more. SpaceX would ultimately become
ically typing on his computer. Suddenly he wheeled  an extrémely vertically integrated rocket company,
around sh 1em a spreadsheet and saying, “Hey, decisions also made it easy to recruit the bright-
guys. I we can build this rocket ourselves.™ t of engineers — young acronautics experts were keen

The Bther men were skeptical, to say the least. <10 design rockets from the ground up and work for

: passed his computer over to Gnﬂ;’lﬁ} an exciting company without the bureaucracy of a
ntrell. showing them a document that n' government contractor.

cost of materials needed 1o build, el On March 24, 2006, the first Falcon 1, a two-stuge

nich a rocket. Musk's caleulations they  rocket,” was launched from the Kwajalein islands as a
could build a modest-sized rocket that ‘special-  nervous Musk and others watched. Twenty-five sec-
ize in carrying smaller satellites and refgarth payloads  onds into the fight a fire broke out on the rocket, and
to space, and they could do so muchifeaper than what it began to spin and fall back to the Earth. It took
the Russians were offering. The §preadsheet also laid  a year to build a new Falcon 1. On March 21, 2007, the
out the performunce charactenglics of the rocket imim-  second Falcon | was launched, and this one made it
pressive detail. Cantrell 1 looked at it and said, 1o the S-minute mark, successfully separating the first
I'll be damned—thar’s why ¢’s been borrowing all my  stage of the rocket from the second stage. with the
books. Fle'd been borrowing all my college textbooks on - second stage continuing into orbit. The team was
rocketry and propulsion. You know, whenever anybody
aﬁsElani'!nw e $a beild sockdty, he s, anﬂdeqmmthmdilrmlwmdm
read books. 2it's true. He devoured those books. He rocket huve their own engine and propelfant. This enables stnges

knew everythimg. He's the smartest guy I've ever mel. 1o be separated from the rocket after they have used up ther fuel,
and he'd bcmplnnnmg'ln build a rocket all along ™ thereby reducing the mass of the rest of the crufi.
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elated and began to breathe easier. However, just after
the S-minute mark passed. the second stage of the
rocket started to wobble and then break apart. It was
a devastating blow to SpaceX employees: many had
spent almost 2 years shutiling between California and

ever to do so. The employees of SpaceX moared their
cheers, and many (including Musk) fought back tears,

Antonio Gracias, chiel executive officer of Valor
Equity Partners. investor in both Tesla and SpaceX
and Musk's fmend, noted how deeply impressed
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Kwajalein working 1o prepare for this launch.

Musk assured everyone that he would persist until
they were successful, but evervone knew there was a risk
that the company would simply ron out of money. Un-
like traditional aerospace companies which had huge
multi-year government contracts, most of SpaceX's
funding had come from Musk’s personal savings, and
SpaceX and Musk's other major venture, Tesla Motors,
hisd already burned through more than half of Musks  long-term
cash. Kevin Brogan, one of SpaceX’s first employees re-
membered. “We were burning through a hundred thou-
sand dollurs per day . . . Sometimes he wouldn't let you
buy a part for two thousand dollars because he expected
you to find it cheaper or invent something
Onher times. he wouldnt flinch at renting a
ninety thousand dollars to get something to
cause it saved an entire workday, so it waswo

The third Falcon | was launched

he was by Musk’s strength and Ive during this
time: “He has this ability to rder and endure
maore stress than anyone I’ 1. What he went
through in 2008 wl::-}:ld mmu anvone else He
didnt just survive. H working and stayed fo-
cused.” He adds, * ople who are under that
sort of pressure {ra r decisions go bad. Elon .
Je's still able to make very clear, "o
isions. The harder it gets, the better he .
ho saw what he went through firsthand
vith more respect for the guy. I've just -
seen anything like his ability to take pain.”™"
successful launch was a watershed _
that réinvigorated everyone's faith in the company. but
SpaceX was still in a financially precarious ion, It
already had two other projects underway, the Falcon 9
Rl {a much bigger rocket). and the Dragon cipsule (a re-
agust 2, usable cargo spacecraft that bn ed by the
Falcon 9 and used to deliver 10 the Interna-
tional Space Station), and Muskhad (o borrow money
from his friends just 1w “the company’s payroll.
To make matters worse, Tesla Motors was also in dire
financial strais — buth#ompam:swcrcmthevﬁge of
bankruptcy. w on December 23, SpaceX was

but at the moment the stages
rate, unexpected thrust from t
1o bump the sécond stage and

notified that NASA would be awarding the company
a $1.6 billien contract to service the Space Station,
ﬂmimE the company. Then on December 24,
Jjust hours before Tesla would have entered bankrupicy,
‘megotiated an invesiment from Draper Fisher
Jarvetson that saved the auto company. As the deals
« he hud spent $100 million on SpaceX GWc:nl through, Musk broke down in tears
had no more money to inject into the compan
cause the rest had all gone into Tesla Motors. T
simply wouldn't be enough money for a '
On September 28, 2008, the team p
fourth Falcon 1 launch, The emp
nonstop shifis under intense L
point. many of them ~from their fami-
lies for l-:mg periods, living o' tiny island near the
launch site under difficult ¢ L@&Jmm Now many were
queasy with anxiety about what would happen on this
launch. This four}f‘\hulh.h at last, went perfectly.
Nine minutes intg its journey, the Falcon | reached
orbit, making it ‘the first privately built space vehicle

Cl12-la Next Steps

the  Having demonstrated the company’s ability to suc-
cessfully launch the Falcon |, SpaceX turned its at-
tention to its other. even bigger projects First, it
developed the Falcon 9. a rocket with nine Merlin en-
gines and the ability to carry just over 50,000 pounds
into orbit. The Faleon 9 was designed to be human-
rated, requining extreme reliability. Its avionics and
controls were made triple-redundant, and according
1o Musk its flight computers will “issue the right com-
mands even if there 1s severe damage 1o the system.”
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The Falcon 9 can also keep flying if it suffers an
engine shutdown; alter about 90 seconds, it can even
survive a second engine shutdown. ™

By 2010, SpaceX proved that the Falcon 9 could
carry the Dragon capsule into space and then recover
the capsule safely afier an ocean landing. In 2012, the
SpaceX Dragon capsule became the first privaie com-
pany to dock with the International Space Station. In
2013, SpaceX demonstrated that its Faloon 9 could land
vertically—the first time this had been achieved for an
orbital ¢lass rocket, and then i in 2017 it successTully re-
used a Faleon 9 in a second flight, achieving what most
stalwarts of the space industry had said was impossible.

The Faleon 9 competed directly agnimst the Delta
IV and Atlas V launch systems made by United
Launch Alliance (ULA). a joini venture of Boeing
and Lockheed Martin. The Delta and Atlas launch
families had been the standard space launch sysiems
used by the U.S. government for more than 50 vears
carrying payloads including weather, lelecommu-
nications, and national sccurity satellites, as well as
deep space and interplanetary expleration.missions
in support of scientific research. ULA had'g saptual
monopoly before SpaceX's jarring arcival,” Put af-
ter the introduction of the Falcon 9 itwas clear tha
the space industry had changed. Tr#iliana]l;.‘ in

=
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the United States. rockets were designed by govern-
ment agencies (e g., NASA), and then companics like
Lockheed Martin were commissioned to build them
as external contractors Now for the first time, the
government could choose from rockets designed and
built by a private ULS. company that were not only as
powerful as those designed by NASA, but were also
remarkably less expensive. Launch contracts awarded
to SpaceX and ULA By the Air Force in 2018, for
example, indicated that'WLA's launch prices for the
Allas V were almost double those for the Falcon 9.
The government decided 1o give both companies con-
tracts hecause having two launch companies better
assured the ULS. government’s access Lo space, how-
ever it waziﬁi-eat that pressure would now be on ULA
1o brang their costs down as well. This was 'Empl,'psﬁly
sla% Air Force Secretary Heather Wilsti Tn her
stimony to the US. House defense appn;{;priar_iuns
;T}lmminm “The cost of launch is meting”
and commercial space ventures mnv&" ave muluple
choices ™ “We'ne coming 1o a poinl.” she said, that
low-cost launchers are “enabling’ business plans 10
close in space that never wcrgjmciihlc before.”"
In 2011, SpaceX had also began developing the
Falcon Heavy, by far thestrld's most powerful rocket
(see Table 1) with Iifﬁ!crlin engings and the ability

——

Comparison of Heavy Payload Launch Vehicles

Manufacturer

Sracal

Lounch Vehide

M

Poylood o Low Earth
Orbit (Ibs)

140,660

United Space Allionce Thio&nlf’AlgﬁfTachsyslema [SRBs) Lockheed

Mariin/Martin Marietic [ET) Boeing/Rockwell {orbiter] 53,790

Khrunichav ~ )J 50,710

United Launch Alljn\njw" 49,740
Titan IV.8 Llockheed 47,800
Ariane 5 ES Ariumqu::j? 44 090
Adas V551 w@h Aliance 40,810
Japan H2B m_gﬁnd Minsubiishi Hecry Indisaries 36,380
China LM38 maﬁn;ﬂnnm Science and Technology 24,6590

Souis: Poylood dofo lngm f{ic%}{
¥

it

Cpaprripie B3 Corg oge Loy A1 gl B May s fa copunl ol o digpli bl o slisbi o i panl Dies b hoiroms sghas s el pay comlon sy e syt oo de olliok s sC8spians';
Fcfmarial 1erirw b bt e seppEaod o s s mumey difoc] e sl kaming oy Uengeg Lesming roeres e mgh o omees shiisa) s 2 sy ine f g 1 v e o



Printed by: a71ad6683b559da@placeholder.11422.edu. Printing is for personal, private use only. No part of this book
may be reproduced or transmitted without publisher's prior permission. Violators will be prosecuted.

C-148 Cow= |2 Spoceil: Disrepling the Spacs Industry

to carry 140,660 pounds into orbit. It was also de-  this summer, for much, much less money.” They go,
veloping Diragon capsules rated for human transport.  “Good Juck with that,’ and kind of smirked and left.”
Both programs would be cruaal for achieving Musk's  Mueller's team created the valve themselves, and by
ultimate goal: colonizing Mars, The Falcon Heavy  summer they had qualified it for use with eryogenic
can carry equipment and supplies to Mars, and both  propellants. “That vendor, they weed us for a couple of
its stages can be recovered and used repeatedly. Crew  months” Muecller said. "and then they called us back:
would be transported to Mars in a Dragon capsule.  “Hey, we're willing 1o do that valve. You pguys want

As of 2018. SpaceX was also developing a rocket  to talk abour 7 And we're i we're done.” He
dubbed BFR (“Big Falcon Rocket”) that would take  goes, "What do you mesn you're done?” “We qualified .
an even heavier payload than the Falcon Heavy, and  it. We're done.” And there was jusi silence at the end J
do so with o single core rather than the triple core  of the line. They we hock.”™ .}-
used in the Heavy (in essence, the Falcon Heavy used As noted, a fa riving savings al SpaceX :-‘é:/
three Falcon 9 as its core), thereby making it simpler  is that it often by its components out of readily P
and more reliable to launch."” available consumer ronics rather than equipment V

already detmeéd.sspace grade” by the rest of the in- 7y

dustry. Twenty years ago “space grade™ equipment
C12-1b Doing Things DiHﬂf&ﬂﬂ}f would hav far superior performance chirae e

) ared to consumer electronics, but today

m‘Spuce}( thal-unnlungrr the case — standard elecironics can

There were numerous ways in which SpaceX's stmite-  now compete with more expensive, *pmktd geur.
gies diverged from space industry norms. and almest.,  For example, at one point SpaceX ne actuator
all of them had direct implications for the cost of imm would steer the second stage Falcon 1.
launch systems. First, whereas most agrospacg com- " The job fell 10 engineer Steve is 1o find the

panies give their designs to myriad third-party @on-  important part, and because ln% never built a part
tractors who create the hardware for them, SpiiceX  like that before he sought owt“suppliers who could
produced mughly 80% of its launch hagiwlire in-  make it for them. Their quoted price for the device
house® SpaceX builds its own motherboards and  was $120,000. As Davissrecalls, “Elon laughed. He

circuits, vibration sensors, radips, an re. Inmost  said, “That part s complicated than a garage
industries, vertical intcgration o sex the costs of  door opener. get is five thousand dollars
firms by not enabling them 1o t from competi-  Go make it * Davis ended up designing an ac-

tive bidding between efficie

ot suppliers. In the aero-  tuator that) 3.900. Another example is provided
space industry, however, th

entrenchment of norms by the érs that provide avionics for a rocket.

ground using paris specialived for the space indusiry Trsdjl,i@lly NASA% Jet Propulsion Laboratory
(“space grade”), andthe burcaucratic rules defined  bo xpensive. specially toughened computers that
by government Gontractors, had kept supply costs = over $10 million each 1o operate its rockets. Musk
very high- r*. ecided instead 1o buld many of . “6ld engineer Kevin Watson that he wanted the bulk
its own parts, & to buy parts not considered “s of the computer systéems for Falcon | and Dragon

pdily them to achieve “space grade.” 1o cost no more than $10,000, Watson was floored,
example, rather than paying 550,000 1o 5100, r noting, “In traditional aerospace, it would cost you
an industrial-grade radio, SpaceX was able 1 ild more than ten thousand dollars just for the food at a
its own for 55,000, and shaved 20% of lhg!@gh! off  meeting to discuss the cost of the ovionics.™ Watson
at the same time, - ) was inspired by the challenge, however. and ended up

SpaceX’s willingness 1o pmdum_.@:ir own parts  creating a fully redundant avionics platform that used
came as a shock to suppliers Fag example. Tom  a mix of off-the-shell computer parts and in-house

Mueller recounts a time when be a vendor for  components for just over $10,000. That same system
an estimate on a particular valve: “They came  was then also adapted for use in the Falcon 9.

back [requesting] like a arfind a half in develop- SpaceX’s willingness to experiment with new
ment and hundreds usands of dollars Just  designs and technologics was a huge competitive ad-
way out of whack. AndWe're like, "Wo, weneed it by  vantage. For example, by using “friction stir welding.”
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SpaceX was able to fuse large, thin sheets of metal
together without rivets or other fasteners, reducing
the weight of the rocket body by hundreds of pounds
This technology had previously not been consid-
ered feasible for such a large structure, but SpaceX
proved it could work. The technology was then also
transferred to Tesla. where it could help make lighter.
stronger cars

Vertical integration also gave SpaceX more con-
trol over when and how things are done, making it
.\ilgm.ﬁcaml}' more nimble than traditional aerospace
companies, and having almost all of SpaceX's engi
neers under one roof greatly streamlines the proc
of designing, testing, and improving the launch s
tems For example, if a fault was found in a launc
sor, NASA would have traditionally
paperwork. meetings with supplicr
delay to wait for a new launch wm

on the fly—often enabling the
planned. As Tom M leseri

main combustion r.'ham

“‘!M: make our

other guys use guwrn&l:nt test sites, The labor hours

d &0 18 1I-u: work around the materi-

m ol parts and moduolarity 1n mind,
so reduces costs and development time Crﬂe
for example, the contrast between the F. 9 and
ULAs Atlas V. Atlas V was the wo of the
space industry. used for everythin rqr pﬂ}hmg_ dis-
tant planets 1o launching spy . The Axlas V
uses up to three kinds of Jeach tailored for
a specific phase of Hight, first stage, RD-180

i a highly refined form

engines (built in R

of kerosene called . Optional solid-fuel strap-on
boosters provided alditional thrust at Lifioff and a
ligquid hyd ehgine in the upper stage lakes over
in the fin e of flight. Using three kinds of rock-
¢ts he optimize the performance of the Atlas V,
but at p8teep price. As Musk noted, *To a first-order
approximation, you've just tripled vour factory costs
and all your operational costs™ All of the engines
on SpaceX’s Falcon 9 and Falcon Heavy rockets, by
contrast, are its own SpaceX-designed Merlin engines
powered by RP1 and liquid oxygen. Making all of the

learming oup

X rockets are also dcsugncd with mm-,-
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engines the same reduced the amount of tooling and
the number of processes ql.m'cd resulting in what
Iﬁg‘

Musk calls “huge cost

SpaceX’s vertical i tion has also led 1o it cre-
ating advances in if<the-art of space technol-
ogy. For the 's heat shield, for example, the
company i use a material called PICA (phe-
nolic impreg “carbon ablator), first developed

comet-sample-return spacecrafl.
prims“*ﬂlt} were offered by the manufacturer,
. were too high. so they decided inst
with NASA's Ames Research Center 10
the material themselves What they came up with,
PICA-X, turned out to be better than the! or
material and 10 times less act, Musk
states that a single PICA-X heat shicld ‘ean withstand
hundreds of returns from low Earth orbit, and can
evén handle the much higb{ eflergy reeniries from

the moon or Mars.®
The largest cost adwﬁiugc SpaceX has, by far and
away, is the fact that nsrtneiu:ts use revierse thrusters 1o
lower themselves y back to the ground so that they
can be reused. M!mg the rockets means that much
of the cost oflproducing the rocket will be amortized
over - flights, dramatically lowering the cost of
space | relative to systems in which the rockets
expendable. In fact, SpaceX estimates

’mdimted that with a larger volome of launches and
“improvements in launch technology, it could get the
cost of a Faleon 9 launch down o about $20 million.

This cost difference between SpaceX and traditional
space wvehicle manufacturing was a gamechanger.
SpaceX was not just undercutting U.S. manufacturers
in price; it was also well under the price of its rivals in
Europe, Japan, Russia, and China. As gleefully noted
by wventure capitalist and SpaceX board member
Steve Jurvetson, “SpaceX lowered the cost of going
into space by 10x. The ministers of China say, "We
can't compete on price with that. In how many in-
dustries have vou heard ministries of China say ever
sy that?"+

C12-1c Staying Private and
Focused on Mars

Despite pressure [rom employees and would-be in-
vestors, Musk has resisted the urpe to take SpaceX
public. Shareholders tend to put intense focus on
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guarterly earnings, which ¢an create pressures that
are at odds with a firm's long-term goals and invest-
ments The board of directors of a publicly held
firm would thus undoubtedly force SpaceX to make
changes that would improve its profitability at the
expense of its chances for reaching Mars, As Musk

'T. Flughes. 2017. Testimony to

Science and Technology, July 13.  November 14.

M. A. Schilling. 2018, “Quirky:  "Vance, Elon Musk:
The remarkable story of the traits, SpaceX’ uﬂrﬁcﬂuqﬁrnf
foibles, and genius of break- ric Furare. p. 116,
through innovators who changed J
the world.” Neéw York: Public
Affairs.

Computer History Museum,
muumgmmmum _
(interview), January 24. rine |

*S. Quting. 1998, "Ziplsﬂwlv- .ﬂn! paat
IkEﬂmrmdmmﬂl

‘Anonymous, 1999, “Compaq |
Buys Software Firm le!,

T, Junod. 2012, “Elon Musk:
the House Subcommittee on Space, Trumph of His Will” Esgquire,
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