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Abstract

English

The demand that exists in commercial aviation is increasing more and more frequently, allowing the new

space technologies that are being developed to come into play to tackle this problem, which could have a

major impact on mobility in the next few years. However, before these new technologies enter the market,

they need to be studied and monitored in order to assess their benefits and possible applications in this sector.

Nowadays, there are already a large number of active projects that seek to make high-speed passenger air

transport a reality, as was already the case with the Concorde at the time but trying to tackle the major

drawbacks that this model had, with the application of the innovative technologies that are currently being

developed.

This study focuses on SpaceX’s project Starship, which through a Case Study, has subsequently integrated

all the information obtained in a CANVAS market study; in addition to carrying out an environmental study

and an analysis of risks. In addition, it has been possible to identify the key points that intensify the value

proposition of the model, but also the weaknesses or shortcomings that could have a negative impact on the

outcome of the project. By assessing all these factors, it has been possible to conclude that by using the

appropriate measurement tools to control these drawbacks, the company has a proposal with a bright future

that is supported by the great potential that SpaceX has thanks to its business lines, its allies/stakeholders

and its long experience in the space sector. When new space technologies flourish successfully, this model

could become the most powerful in the world.

Català

La demanda que existeix en l’aviació comercial cada vegada incrementa amb més freqüència els seus números,

permetent que les noves tecnologies espacials que s’estan desenvolupant entrin en joc per fer front a aquest

problema que podria tenir un gran impacte en la mobilitat d’aqúı uns anys. Tot i això, abans que aquestes

noves tecnologies entrin al mercat, s’han d’estudiar i controlar per poder valorar els seus beneficis i possibles

aplicacions en aquest sector. Avui en dia, ja existeixen una gran quantitat de projectes actius que busquen

aconseguir fer del transport aeronàutic a altes velocitats de passatgers una realitat, com ja ho va ser el

Concorde en el seu moment, però intentant fer front als grans inconvenients que tenia aquest model, amb

l’aplicació de les innovadores tecnologies que s’estan desenvolupant actualment.

II



Aquest estudi se centra en el projecte Starship de SpaceX, en el qual mitjançant un Case Study, que

posteriorment s’ha integrat tota la informació extreta en un estudi de mercat CANVAS; a més de la realització

d’un estudi mediambiental i una anàlisi de riscs. Amb tot això, s’ha pogut identificar els punts clau que

intensifiquen la proposta de valor del model, però també els perills o mancances que podrien impactar

negativament en el resultat del projecte. Valorant tots aquests factors s’ha pogut concloure que mitjançant

les eines de mesura adequades per controlar aquests inconvenients, l’empresa té una proposta amb bastant

futur que està recolzada pel gran potencial que té SpaceX gràcies a les seves ĺınies de negoci, als seus

aliats/interessats i la llarga experiència en el sector espacial. Quan les noves tecnologies espacials prosperin

satisfactòriament, aquest model podria arribar a ser el més potent del món.
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Chapter 1

Object

To identify the benefits and applications of passenger supersonic transport vehicles compared to other

point-to-point transport passengers, in order to study the starship business model opportunities from SpaceX.

Moreover, it provide a non-in-depth environmental and risk study of the Starship project to superficially

assess whether this concept will have a favorable future.
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Chapter 2

Scope

The project will include;

• A section focused on the State of Art that will consolidate any detailed overview of the actual projects

with a similar concept of supersonic transcontinental transport.

• A case study of the project Starship of SpaceX that will be composed of:

– An extensive research of the company SpaceX embracing their history, business statement and

philosophy.

– A list of the principal ownership and partnerships that have or not shares in the company SpaceX

– A market segmentation used to optimized products, marketing, advertising and sales effort [1] and

the requirements that the future demand must accomplish.

– An analysis of the stakeholders involved in the Starship project that will be structured following a

Mendelow Matrix.

– A description of the system that is used in the product space transportation, explained from a

utilization point of view.

– An explanation of the production system, making clear all the resources and capabilities of this

process and encompassing any existing activity that influences the different phases (up stream,

middle stream and down stream) of the value chain since a raw material is transformed into a

final product.

– An analysis of the financial status and risks of the company.

– A study of the environmental philosophy that the SpaceX company applies in all the projects

carried out.

• A development of all the information collected into the business model CANVAS to obtain, which is

the value of the company.

2



CHAPTER 2. SCOPE

• A section exclusively to analyze and be able to determine all kinds of risks that could arise during

the development of the Starship vehicle, in addition to the reasoning of the level of influence and the

consequences that could generate in the Starship business model.

• A study of the environmental status of the Starship project.

Nevertheless, this project will not include:

• Interviews to the people that can be involved or have any type of connection with the Starship project.

• Any kind of structural or aerodynamic calculations of the vehicle studied.

• The technical sheet of the design of the model.

• The CAD simulations of the rocket carried out with any type of specialized software for this purpose.

• The business model of the other competitors with similar concepts that other students in the same first

edition of thesis and developing a similar case of study are analyzing.

3
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Chapter 3

Requirements

In this thesis, the following requirements will be accomplished:

• The business model that must be followed will be the CANVAS template.

• The Mendelow Matrix must be the tool to analyze the stakeholders and their attitudes.

• The activities and processes of the SpaceX-Starship project must be identified following a Value Chain

analysis.

• This thesis structure must be organized under the TUAREG research group indications as it is related

to a future H2020 project.

4
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Chapter 4

Justification

• This project will face the benefits and applications of the SpaceX-Starship project in order to collect an

actual market study of the principal transcontinental supersonic transport vehicles competitors of the

European SpaceLiner project.

• Nowadays, after the situation of stagnation due to the pandemic, the commercial aviation demand

is constantly increasing, and it is expected that this demand will exponentially grow at 3.6% from

2019 to 2041. Furthermore, the advantageous future for this sector will origin an expansion of the

models fabricated that will seek to meet requirements that ensure the change towards a more efficient

aviation. It is for this reason that concepts like this idea of passenger supersonic vehicles are projects

with a very promising time to come that will give a positive turn to aviation revamping the commercial

aviation with the addition of the space sector in it. Therefore, every research done in this regard is a

step forward in making this concept a reality and a functional model.[2]

• The thesis will be governed under the TUAREG Research Group, which will take command of other

works that will also study companies with similar projects. This first edition of the thesis will form

a network of projects that will encompass the current existing market of the passenger supersonic

vehicles. All this thesis will be used as a precedent for future editions that want to continue with the

investigation of this concept.

• The advantages of this particular thesis will be that the concept of technology that it is studied in this

thesis, in the future could be a leader in the market, and therefore this information collected in this

thesis can help this concept become a reality in the not too distant future.

Moreover, the advanced state of the Starship project is a positive factor in the acquisition of information

about it and the active media about the company help to obtain news of their launches or new models.

• The disadvantages will be the difficulty to obtain any private information as the financial status and

the difficulty of some sections of the thesis which cannot be studied in detail due to their complexity

but which will be subject to a superficial analysis of it.
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Chapter 5

Schedule

In this section, all the tasks of the project will be planned. In this first part are identified in a table all the

tasks to be performed with a description of them and the dependencies that exist between the different tasks:

Nº Code of task Task identification Description of the task Dependences

1 1 Phase 1 None

2 1.1
Previous research

of information

Begin to investigate and collect

information superficially

about the concept studied

in the thesis.

None

3 1.2
Report of the

project charter

To establish the bases

of the thesis like the objective,

requirements, scope, schedule

and justification.

2

4 1.3
Elaboration of

the State of Art

To research information

of the other projects with

a similar concept but

not in a in-depth way

like studying a business model.

2

5 2 Phase 2 - Case study 3

6 2.1
History and

company overview

To in-depth analyse

the background of

the company.

None

7 2.2
Company business

statement and philosophy

To investigate what

form of business

the company SpaceX

has and its philosophy.

None

Table 5.1: Identification of the tasks to be performed during this thesis. Part 1.
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8 2.3 Company ownership

To investigate the

associations that

have shares in the

company SpaceX

and list them.

None

9 2.4 Company partneships

To investigate associations

that do not necessarily

have shares in the

company SpaceX and

list them.

None

10 2.5
Market segment

and requirements

To study the market

segmentation used

and the requirements

that the future demand

must accomplish.

6,7,8,9

11 2.6
Elaboration of

stakeholder analysis

To analyze the stakeholders

involved in the Starship

project and structure

them following a

Mendelow Matrix

10

12 2.7
Space transportation

system

To describe the space

transport system

focusing the explanation

on the field of its use.

11

13 2.8
Production

system

To explain the production

system, making clear

all the resources

and capabilities

of this process.

12

Table 5.2: Identification of the tasks to be performed during this thesis. Part 2.
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14 2.9
Value Chain

Ecosystem

To describe and

classify the value

chain used by the company

studied to transform

the raw material

into a final product.

13

15 2.10

Analyze the

customer/stakeholder

relationship

To identify the different

relationships between

the clients interested

in the project and all

those associations or

people involved in

the project.

14

16 2.11
Financial status

and risks

To analyze the financial

status and risks

facing the company

SpaceX.

None

17 2.12

Study the

environmental

philosophy

To study the environmental

regulations followed

by the company SpaceX.

None

18 3 Phase 3 - BM 5

19 3.1
Final Business

Model CANVAS

To present the

information obtained

from the company in

the CANVAS business model.

5

20 4 Phase 4 3

21 4.1
Environmental

analysis

To study the environmental

conditions met by

the project studied.

None

23 4.3 Conclusions

To write a summary of

all the results obtained

during the course

of the thesis.

19

24 4.4
Finish final

thesis document

To check that all

sections are correct.

Extra time for possible

unforeseen events.

22,23

Table 5.3: Identification of the tasks to be performed during this thesis. Part 3.
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And finally, the schedule will be organized following a Gantt’s structure where it can be identified the period

of duration that this task will have, the dependencies they have between them and their organization:

Figure 5.1: Gantt’s structure of the thesis designed with [3]. Phases 1 and 2.

Figure 5.2: Gantt’s structure of the thesis designed with [3]. Phases 3 and 4.
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Chapter 6

State of Art

6.1 Introduction

For some years now, the development of projects aimed at the suborbital flight market for private use has

been booming and many companies are dedicating part of their assets to this evolving market intending to

be the first to make this market a reality and within reach of people not involved in the aerospace sector.

Currently, several important companies in aerospace history and other smaller companies have similar active

projects with prototypes of ships that can make flights between one point and another on Earth in record

time. These companies, despite having a project with similar final objectives between them, stand out from

their competitors. Their prototypes have some special feature that allows this concept to be different from

the other available options and that will be analyzed in this section where the main active competitors of the

company studied, SpaceX, will be framed.

First of all, a brief introduction to the concept of suborbital flight and its different modalities will be made in

order to be able to clearly classify the objectives of each company compared. In theory, a suborbital flight is

a trajectory where the object used crosses the ill-defined boundary of space experiencing a few minutes of

exhilarating weightlessness but without going fast enough to stay in space once they get there. Otherwise, if

it reached a speed equal to or greater than 28,000km/h and a high altitude that at least 125km, the vehicle,

instead of falling back to the ground, would fall continuously around the Earth, i.e. it would be orbiting [4].

Suborbital launch vehicles are not designed to achieve these speeds and consequently, they can not achieve

that amount of energy not being able to proportionate the sufficient horizontal velocity to reach orbit. In the

following figure it can be compared the different scenarios that the vehicle can experience and the results

that would obtain [5]:

• Trajectory A: a suborbital path because it has sufficient horizontal velocity but insufficient altitude.

• Trajectory B: a suborbital path because has sufficient altitude but insufficient horizontal velocity.

• Trajectory C: an orbital path because has both sufficient altitude and horizontal velocity.
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Figure 6.1: Comparing suborbital and orbital trajectories. Extracted from [5].

Spaceplane is a vehicle that can fly as an aircraft close to Earth and as a spacecraft in space [6]. This type of

vehicle can operate in various scenarios being capable of undertaking different missions:

• Space tourism: commercial service where the passengers experience that few minutes of exhilarating

weightiness.

• Point-to-point: mission that consists of connecting two very distant terrestrial points in order to

unite them in a short period of time thanks to a suborbital flight that would go between two spaceports

on Earth.

• LEO missions:

– To carry cargo: an unmanned mission to reach the Low-Earth Orbit (LEO) in order to deliver

some kind of cargo to the International Space Station (ISS) that is currently orbiting in this area.

– To carry astronauts: a manned mission to reach also the LEO but to enable astronauts to reach

the ISS.

• Interplanetary: mission to be able to reach another point further than the Earth such as the Moon

or Mars.

6.2 Preview concepts: Background

The concept of an aircraft that can fly at high speeds while carrying passengers is not new. Throughout the

history of the aerospace world, there have been models that were milestones in their time and their memory

still lives on today. Today’s companies are trying to make this concept a reality again by solving the most

notorious problems that these models had and that made their businesses unprofitable. However, there are
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two models that will always be remembered in aviation history and will be analyzed before a study of the

potential competitors in the market today.

6.2.1 Concorde

Concorde is an icon of aircraft history that was the first one of only two models of supersonic passenger

airliners to have seen commercial service. The model was built jointly by British Aircraft Corporation (BAC)

and Aérospatiale, aircraft manufacturers from Great Britain and France, respectively, and the jet engine

development was carried out by Rolls-Royce and Société Nationale d’Étude et de Construction de Moteurs

d’Aviation (SNECMA) [7]. This technological masterpiece could cruise at Mach 2.04, more than twice the

speed of sound, with a capacity of between 92 and 128 passengers, and be able to achieve a maximum altitude

of 60.000ft. His service as a commercial aircraft started in January 1976 when the first scheduled supersonic

passenger flight was completed [8].

Figure 6.2: A British Airways’ Concorde taking off. Extracted from [8].

Nevertheless, both its beginning and its end were difficult times, as at first this new concept of supersonic

commercial aviation was not easy to introduce and its viability was questioned except by British Airways and

Air France, the two airlines that pushed the project forward and allowed its debut to become a reality with

the London-Bahrain and Paris-Rio de Janeiro routes, respectively. Concorde’s 27-year life ended in 2003 due

to a series of problems that caused demand to plummet. An important event that led to this sad outcome

was the only accident involving this model, where in July 2000 all 109 people on board and 4 on the ground

were killed when the aircraft suffered engine failure shortly after its take-off because of a metallic strip that

had fallen from a Continental Airlines DC-10 that had taken off minutes earlier. This caused a fuel tank to

rupture and burst into flames, according to the official investigation [9] [7]. The accident, which caused a lack

of public confidence in the aircraft, together with the continuous problems that the model was experiencing,

brought its commercial life to an end.
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Figure 6.3: Remains of the Concorde in flames due to the accident that occurred in July 2000. Extracted
from [8].

Apart from this accident, as mentioned above, this model had a series of problems that throughout its history

led to the decision to end its service [10] [11] [12]:

1. High noise pollution: This environmental characteristic caused many governments to restrict their

flights above their countries due to the sonic boom that the supersonic jet would produce, leading them

to mostly operate transatlantic routes.

2. Heating and structure issues: The high-speed characteristic caused problems with the elevated

temperature that their components could achieve due to air compression, and the large forces applied

during banks and turns caused twisting and distortion of the aircraft’s structure.

3. Extremely expensive to operate: The model had highly expensive maintenance and consumed a

great amount of fuel, which meant that the price of its tickets was quite high and its service was only

affordable for a small part of the population that could afford it.

These are the problems that current companies involved in the development and construction of supersonic

aircraft projects are dealing with and which, thanks to the innovative technologies that exist today, could in

the future be solved by providing a supersonic model with more viable capabilities.

6.2.2 Túpolev, Tu-144

Túpolev, also called Tu-144, was the supersonic jet version of the Soviet rival to the Concorde model. This

jet had many similarities with the Anglo-French model but it also stood out in some characteristics such as

the slightly bigger fuselage that allows it to have a capacity of 140 passengers, its highest speed, with which

it could reach a Mach of 2.15, and a pair of winglets right behind the cockpit that allowed better handling at

low speed and provided extra lift [13].
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Figure 6.4: Tu-144 model. Extracted from [13].

6.3 Actual competitors

6.3.1 Virgin Galactic

Virgin Galactic is a vertically integrated aerospace and space travel company founded in 2004 by Richard

Branson that it is focused on developing commercial spacecraft with the final aim of providing suborbital

spaceplanes to promote space tourism.

VSS Unity

VSS Unity is an air-launched suborbital spaceplane type from the SpaceShipTwo platform that is carried to

its launch altitude by a twin-fuselage mother ship called White Knight Two VMS Eve, then, is released to fly

on into the upper atmosphere powered by its four Pratt and Whitney P308 rocket engines and finally, glide

back to Earth and perform a conventional runway landing. The model that has a capacity of 8 passengers

and can achieve a maximum speed of Mach 3 was able to achieve an altitude of 85.78km in July 2021, when

the first test flight with a full crew in the cabin, including Virgin Group founder, happened [14] [15].

Supersonic 2.0

Supersonic 2.0 is a high-speed aircraft that will replace existing long-distance commercial aviation routes

achieving a maximum speed of Mach 3. The prototype is a collaboration between two major companies as are

Virgin Galactic and Rolls Royce which signed a memorandum of understanding in 2020. This collaboration

will work on the design and development of engine propulsion technology for high-speed commercial aircraft

[16]. They expect that the prototype will be capable of flying a capacity of 9 to 19 passengers to an altitude

of 60.000ft with sustainable aviation fuel [17].
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Figure 6.5: One of Virgin’s latest supersonic jets, called Supersonic 2.0. Extracted from [18].

6.3.2 SpaceDev

Dream Chaser

Dream Chaser is a multi-mission orbital and suborbital spaceplane capable of supporting LEO missions

to carry crew or cargo to the ISS which is in development since 2006. This model is being developed by

SpaceDev, the subsidiary of Sierra Nevada Corporation, and it is based on the NASA HL-20 lifting body

shape being the first winged commercial spaceplane that would launch vertically on an Atlas-5(412), orbital

maneuvering and deorbiting with the help of a propulsion system based in two hybrid rockets to then land

horizontally on conventional runways [19].

Figure 6.6: SpaceDev’s spaceplane named Dream Chaser. Extracted from [20].

The crewed version of this spaceplane has an 85% of similarities with the cargo one and it is able to carry up

to seven passengers [21]. However, the manned proposal was not selected in NASA’s programs, unlike its

cargo alternative, which in 2016 was selected along with others for the resupply missions to the ISS. Currently,

the spacecraft passed several landing, approach, and wind tunnel tests a few years ago, and the company

estimated that its first flight would take place in August 2023. So, in the near future, it could become a

competitor in space tourism [22] [20].
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6.3.3 Blue Origin

New Glenn

New Glenn is a single-configuration heavy-lift launch vehicle with a fully reusable first stage designed for

a minimum of 25 flights. The model that has different versions is capable of carrying people and payload

to Earth orbit and beyond thanks to the first stage of seven reusable and throttleable BE-4 engines which

enable to launch payloads of 13 metric tons to Geostationary Transfer Orbit and 45 metric tons to LEO and

are the result of collaboration between Blue Origin and ULA, and the two re-ingnitable BE-3U engines that

power the second stage [23].

Figure 6.7: Blue Origin LEO and beyond launch vehicle, New Glenn. Extracted from [24].

The maiden flight of this prototype, which was announced in 2016, is planned for 2024, although for the time

being there are different projects to improve the current model, such as the Jarvis Project, to develop a fully

reusable second stage, or the DRACO (Demonstration Rocket for Agile Cislunar Operation) project, to build

an upper stage with nuclear propulsion for Space Force, among others. In addition, the prototype is also

involved in future missions as [24] [25]:

• Orbital Reef: the large private space station project where it will be in charge of putting the heaviest

elements of the station into orbit and will cooperate with other leading companies in the space sector.

• The Amazon constellation, Kupier.

• OneWebb: the constellation of broadband satellites.

• ESCAPADE (Escape and Plasma Acceleration and Dynamics Explorers): the NASA project to study

the escape of ions and particles from Mars.

New Shepard

New Shepard is a fully reusable suborbital launch vehicle designed to take astronauts and research payloads

past the Kárman line in LEO missions and also develop to achieve space tourism flights. This rocket system

is capable of vertical take-off and landing working with the help of the throttleable Blue Engine 3 (BE-3),
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which propels the rocket to space and slows the booster down for landing, and aft fins, which stabilize and

guide the spacecraft through Mach 4 speeds [26]. Moreover, the vehicle is a one-stage rocket consisting of a

crew capsule, which can fit 6 passengers, is fully autonomous, and has a booster rocket.

Nowadays, the model has successfully launched 21 times different versions of it being the first uncrewed

test flight in 2015 and the first crewed flight in 2021, where the Blue Origin founder Jezz Bezos was in it,

achieving a maximum altitude of 107km [27].

Figure 6.8: Blue Origin’s rocket system called New Shepard. Extracted from [27].

6.3.4 DLR

SpaceLiner

SpaceLiner is a fully-reusable two-stage arranged in parallel consisting of a large unmanned booster and

passenger cabin stage with an autonomous rescue capsule. The model has a vertical-takeoff configuration

to then enter, after the engine cut-off, to the orbiter stage gliding at high-speed accelerating by a total of

11 liquid rocket engines, which are 9 for the booster and 2 for the passenger’s cabin. The concept design is

expected to achieve altitudes of 80km and an excellent hypersonic speed of a maximum Mach number of 24

for the passenger stage in his 50-passenger version and of 14 for the booster.

These characteristics can enable the model to travel in missions of long intercontinental distances in a short

amount of time or shorter routes with modifications in the model such as:

• Class 1: mission for distances up to 17000km with a capacity for 50 passengers and a larger booster to

achieve routes like Europe-Australia in 90 minutes.

• Class 2: mission for distances up to 12500km with a capacity for 100 passengers and a large booster.

• Class 3: mission for distances up to 9200km with a capacity for 100 passengers and a reduced size

booster.
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Figure 6.9: SpaceLiner 7 two-stage concept developed by DLR. Extracted from [28].

The actual status of the model is still in constant development being the first proposed concept delivered in

2006 and the actual SpaceLiner 7 version reaching a consolidated technical status in 2012 [28]. According to

the report [29], the hypersonic aircraft is scheduled to be built by 2030, its prototype flight tests by 203,5

and, finally, its entry into service is planned for the years 2040-2050. Therefore, the German Space Systems

Institute still has some time to find solutions to certain challenges, such as the materials to be used or the best

aerodynamic shape, in order to make its viability possible, taking into account that they have the advantage

that their aircraft is designed to operate in a stratospheric way, thus avoiding the inconvenience of the noise

produced by this type of vehicle [30].

6.3.5 ANA HD - PD Aerospace

In October 2016, ANA Holdings Co., which provides air transportation services in Japan and internationally

[31], formed a capital alliance with PD Aerospace (PDAS), which is a Japanese space tourism company

founded in 2007 whose ’PD’ in the company’s name stands for Pulse Detonation as they have plans to develop

a hybrid engine that produces jet and rocket thrust [32], and H.I.S., a travel company, in order to develop the

commercialization of space transport and travel by the private sector with the goal of beginning commercial

space operations by December 2023 [33].

X08, PEGASUS

PEGASUS is a fully-reusable winged suborbital space vehicle equipped with technology capable of switching

the engine combustion mode between jet mode and rocket mode. The model is expected to take off horizontally

in jet mode like a conventional plane, then climb to an altitude of 15km and switch to rocket mode in order

to propel the craft to achieve an altitude of 50km. Then, due to sheer inertia, it will reach up to 110km,

thus surpassing the boundary to space. Finally, in the landing, with only rocket mode a spaceport is needed

because descends gliding but with jet mode is able to land in conventional runways [34].
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Figure 6.10: Sub-orbital Space flight profile of PEGASUS. Extracted from [35].

The final version of this prototype which will have a capacity of 6 passengers plus the 2 pilots and will be

able to operate beyond the 80km of altitude, is expected to start its commercialization flights in March 2029.

For the time being, the project is in the phase of remotely controlled long-distance flights and it is expected

that further improvements can be achieved by following this schedule favorably [35]:

• By April 2024: unmanned Sub-orbital space flight.

• By June 2027: manned Sub-orbital flight.

• By March 2029: service in of space tourism.

• By September 2029: mass commercial production.

Figure 6.11: PEGASUS, the winged spacecraft of ANA HD, H.I.S., and PDAS. Extracted from [34].

6.3.6 Boom Supersonic

XB-1

XB-1, also known as the ’Baby Boom’, is a one-seater miniaturized technology demonstrator for a safe and

efficient high-speed flight that will be used in the forthcoming Overture. The fuselage of this model is 1/3
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the scale of Overture and is built-in with groundbreaking materials such as carbon composites, titanium, and

aluminum, that ensure the balance between strength, weight, and stability. In the aerodynamic design, its

delta wings use an ogival shape that allows it to fly efficiently at subsonic and supersonic speeds [36]. And

finally, in terms of the powerplants, high performance is achieved with three J85 General Electric engines

that will produce sufficient thrust to reach a maximum Mach of 2.2 helped by required afterburners. These

environmentally friendly engines are compatible with sustainable aviation fuel, a good feature in terms of

carbon emission [37].

Figure 6.12: XB-1, the supersonic demonstrator for the Boom Supersonic Overture. Extracted from [37].

The project, which is in development since 2016, finally, in October 2020, was unveiled for the first time in

its fully assembled form. The first test flight is expected to be carried out later this 2023 as the majority of

parts are 100% installed and have successfully passed the test phase that includes tests like engine operability,

alternative fuel, extreme landing simulations, or ultrasonic tests on supersonic wings [36] [37].

Overture

Overture is a supersonic aircraft that will not only reduce travel time but will also allow emissions-neutral

flying. More than 26 million hours of work in simulations and wind tunnels were necessary to obtain an

optimized final design that features:

• Gull wings, to minimize drag and consequently reduce the thrust.

• Contoured fuselage, that optimizes airflow.

• Compound modified delta planform.

In the technical characteristics, the aircraft, which will be constructed with net zero carbon composite

materials, will achieve a supersonic speed of Mach 1.7 at cruise speed using 4 Symphony engines, the

sustainable and cost-efficient engines, that work with a 100% sustainable aviation fuel (SAF). The model of

65 to 80 passengers capacity will be able to perform routes of a maximum 7867km range and 60.000ft of

cruise altitude.
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Figure 6.13: Overture, the supersonic aircraft by Boom Supersonic. Extracted from [38].

Still in its development phase, this aircraft is expected to be introduced in the commercial market in 2029,

expectations that could vary due to the recent loss of one of its major partners, Rolls-Royce, which was in

charge of the design and construction of the engines of the Overture model. However, from its social networks,

it is estimated that the project will follow the following terms [38] [39]:

• In 2022: Overture Superfactory was announced followed by the revelation of the design of the aircraft.

• In 2024: Production launch.

• In 2026: Rollout.

• In 2027: First flight.

• In 2029: Achieve type certification.

6.3.7 JAXA - Japanese Aerospace Agency

Hytex

Hytex is a hypersonic passenger aircraft investigated and designed by the Japanese Supersonic Research, a

research group of JAXA, in order to achieve the creation of a high-speed aircraft to reduce the flight time

of intercontinental travel. This prototype is part of the Hikari project, a cooperation between Europe and

Japan to investigate hypersonic knowledge. The main innovative concept of JAXA is their special focus on

hypersonic propulsion systems as the key to the success of their model that has pre-cooled turbojets expected

to be able to accelerate an aircraft from takeoff to a speed of five times the speed of sound, or Mach 5 [40].
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Figure 6.14: Hytex, hypersonic prototype of JAXA. Extracted from [41].

6.3.8 STRATOFLY in H2020 project

MR3

MR3 is the hypersonic vehicle project that has received funding from the European Union’s Horizon 2020

research and innovation program. STRATOFLY pretends to explore the stratospheric flying opportunities

for high-speed propulsion concepts taking into account the sustainability of this new air sector by setting the

following objectives in order to optimize a number of factors with the ultimate aim of shortening the time

needed to fly along long-haul routes reducing the climate change [42] [43]:

1. Optimize innovative aircraft concepts: achieved through an improved multi-objective structural optimiza-

tion that reduces about 40% in mass; an aerodynamic characterization that generates a comprehensive

and reliable database; and a trajectory optimization with a market analysis.

2. Maximisation of the potential of embedded high-speed propulsion systems: integrates six Air Turbo-

Rocket (ATR), used for Mach 4-4.5; and a Dual-Mode Ramjet (DMR) that guarantees an important

reduction in level emission in cruise conditions and it is used for hypersonic flight (Mach 4,5-8).

3. Integration of multi-functional systems: design of Thermal and Energy Management system which

includes a series of systems like Propulsive, Propellant, Thermal Control and Protection, and Electrical

and Environmental Control.

4. Ensuring a minimum environmental impact in terms of emitted noise and greenhouse gasses.

5. Economic viability: accurate analysis that ensures the project’s economic feasibility and prospects

its entry into the market by 2050 with ticket prices similar to the business class on long-haul routes

nowadays.

6. Human factors, social acceptance, and safety: achieved with dedicated mission analyses and casualty

areas analysis.
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Figure 6.15: MR3, STRATOFLY’s high-speed aircraft concept. Extracted from [43].

STARATOFLY project contributes in the fields of jet noise, high-speed combustion, and climate impact

science, and thus, contributes to the social acceptance of high-speed aircraft technology. This project of a

hypersonic plane with a needle-sharp profile and advanced powerplants coordinated by the Politecnico di

Torino is expected to achieve a TRL 6 (Technology Readiness Level), which means a proven technology in

a relevant environment, in 2035. The characteristics that will be capable to perform will be a maximum

altitude of more than 30km, a capacity of 300 passengers, and a maximum speed of Mach 8 during the cruise

phase.

6.3.9 XCOR Aerospace

Lynx

The Lynx could have been a two-seat commercial reusable spaceplane that could have carried a pilot,

passengers, payload or small satellites if the project hadn’t been canceled because of the bankruptcy of the

company in 2017. Although it is not a current contender due to its status, its track record in suborbital

aircraft development is considered beneficial in this study of existing models [44].

XCOR Aerospace started conceptualizing its model in 2003 with the aim of revolutionizing high-altitude

research and unlocking suborbital tourism for the masses [45]. The composite-body prototype was expected

to be powered by four XR-5K18 reusable rocket engines fueled by kerosene and liquid oxygen stored in fuel

tanks made of Nonburnite, a composite material invented by XCOR. For the performance, the model was

designed to have a horizontal take-off and landing (HTHL) to achieve a maximum altitude of 99.78km and a

speed of Mach 3.

Figure 6.16: A render version of the Lynx spaceplane of XCOR Aerospace. Extracted from [44].
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The Lynx was expected to have three versions that would have improved features. For the Lynx Mark I, is

first one, began its development in 2008 and its construction in 2013, and if the company’s activity had gone

well, its prospect for the first test flight would have been determined for 2017, and its start of commercial

activity for 2018.

6.3.10 Boeing

X-37B

X-37B is a re-entry spacecraft designed to operate in Low-Earth Orbit trajectories and is a possible successor

of NASA’s Space Shuttle. This reusable spaceplane first launched in 2010 is one of the most important

projects of the United States Air Force (USAF) [46] with the ability to return experiments to Earth for

further inspection and analysis [47]. The vehicle unmanned uses solar energy and has a record of 908 days

orbiting the Earth [48].

This mysterious and unobtrusive aircraft is not as commercially oriented as the others but is an experimental

laboratory that is assisting in the development of reusable space vehicle technology. So far, it has flown a

total of 6 missions of which relatively little data is known due to the privacy of this project.

Figure 6.17: X-37B Orbital Test Vehicle. Extracted from [47].

6.3.11 Hermeus

Halcyon

Halcyon is a passenger aircraft capable of traveling over 125 trans-oceanic routes at hypersonic speed, being

Mach 5 the maximum speed that could achieve. Its titanium-alloy structure can accommodate 20 passengers

and fly to a maximum altitude of 27.43km. The model is expected to arrive in 2029 so till then, the

development of this prototype will continue to progress [49].
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Figure 6.18: Halcyon, the Mach 5 spacecraft on the left, and the Chimera engine, on the right. Extracted
from [49] and [50]

The company is also involved in the development of the Chimera engine, an engine capable to touch Mach

4+ speeds that are being validated in the remotely piloted high-speed aircraft called Quarterhorse. This

prototype is expected to have its first flight in 2024 [51]. In terms of manufacturing, Hermeus is very careful

in choosing the right sponsors to avoid risks and, in addition, it invests heavily in increasing its manufacturing

capabilities such as its ability to manufacture high-temperature materials or its control of the software and

electronics for its aircraft [50].

6.3.12 Exosonic

Supersonic jet project

Exosonic is developing a quiet supersonic passenger four-engine jet that has wings set back and negative

dihedral at the tips and incorporates a twin V-shaped tail for lateral and vertical movement [52]. This

supersonic jet is fueled by sustainable fossil-free and complies with the specifications of a capacity for 71

passengers, a maximum speed of Mach 1.8, and a cruise altitude of 18.29km [53].

Figure 6.19: Exosonic’s quiet supersonic jet prototype on the left, and Sonic boom levels of different high-speed
aircraft models, on the right. Extracted from [53]

In addition, the company is working on a key concept that differentiates it from other existing models because

the development of this model revolves around avoiding one of the biggest problems in high-speed aircraft:

the disruptive sonic boom. This will be achieved by modifying the geometry to manipulate shock waves

at supersonic speeds but without losing the capabilities of other competing models [53]. Nowadays, the

prototype is in development and as it is prognosticated on the company’s website will arrive in the early-mid
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2030s. Company’s desire to be able to serve not only wealthy people by driving ticket prices to actual business

class fares will open a vast number of markets[53].

6.3.13 Bejing Lingkong Tianxing Technology

Space Transportation, whose full name is Beijing Lingkong Tianxing Technology Co., Ltd , is a Chinese

company based in Bejing and founded in August 2018 that aims to develop an aircraft resulting from the

combination of an airplane and a winged rocket to be used in different scenarios such as Suborbital hypersonic

vehicles, Orbital Launch vehicles, Point-to-point space transportation, and Space Tourism. At the moment,

from the little information that is known about this firm, it is known that it has carried out successful tests

with two of its rocket prototypes, the Tianxing 1 and the Tianxing 2.

Suborbital tourism project

The company is developing a hypersonic space plane that will first take off in a vertical position being

propelled by a two-rocket structure that later will separate from the vehicle in its suborbital trajectory. Later

the aircraft will arrive at its final destination landing vertically. The prototype will achieve long-distance

trajectories in short periods of time like the Pekin-New York travel in one hour [54] [55] [56].

6.4 Resume

A chart resume of the previous and actual high-speed vehicle characteristics is located in Appendix A.
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BM analysis of Starship

Chapter 7

Case Study

7.1 SpaceX: history and overview of the company

7.1.1 Overview

SpaceX, or Space Exploration Technologies Corporation, is a company founded in 2002 by South African

entrepreneur, investor, and business magnate Elon Musk. The privately held company, based in Hawthrone,

California, United States, employs around 12,000 people with the aim of revolutionizing the aerospace industry

and making spaceflight a real and affordable business.

To this end, the company, which is dedicated to the development, production, and launch of spacecraft,

has developed a series of products and services throughout its history. These key projects throughout its

activity are composed of its aerospace vehicle launches, the Dragon Capsules branch, its different models of

rocket engines, the Starlink satellite project, and, most recently, the Starship project, among other projects

developed by this innovative company.

7.1.2 History

This project was born in 2001 as a result of Musk’s desire to reach Mars to colonize the red planet, which

led him to travel to Russia to negotiate the purchase of an intercontinental ballistic missile (ICBM) for his

mission. This purchase, which was not made for various economic reasons, led to the creation of this space

company, which aimed to build the cheapest rockets that could be found in the industry [57].

Later SpaceX was founded in 2002 by CEO Elon Musk with the ultimate goal of reaching Mars. The

company’s activity began in 2006 with the shaky start of its first Falcon 1 rocket, a two-stage liquid-fuel

craft designed to send small satellites into orbit that failed to reach orbit in its first mission after a successful

launch that ended prematurely due to a fuel leak and resultant fire. Nevertheless, to date, the company has

achieved a total of 237 launches with 198 landings and 171 reflights, increasing constantly its potential.
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2008: First privately owned company to send a liquid-fueled rocket into orbit

This tumultuous start did not prevent the company from achieving the recognition it has achieved today

by adding milestones to its history. In that same year, the company was already earning millions of dollars

from its launch contracts, with the U.S. government being its biggest customer, and had also won a NASA

competition to build a potential spacecraft that could carry out missions to the ISS, after the Space Shuttle’s

retirement.

September 2008 was the beginning of its successful recognition that lasts to this day, after other two failed

attempts to reach Earth orbit with the Falcon 1 between 2006 and 2008 that almost ended the company

bankrupt, that year the company achieved a goal never reached before, to be the first privately developed

liquid-fueled rocket to reach Earth orbit [58]. That same year, the company acquire another NASA contract

worth $1 billion for serving the ISS [59].

Figure 7.1: Falcon 1 makes history in its first successful mission into orbit. Extracted from [60].

2010: First commercial company to release a spacecraft into orbit and successfully return it to

Earth

The Falcon 1 was retired after its fifth launch in 2009, leaving a place for the creation of a new and bigger

model, the Falcon 9 [58]. The Falcon 9 debut happened in 2010, and in December 2010, the craft carried

the Dragon capsule that would break another milestone by being the first commercial company to release a

spacecraft into orbit to later successfully return it to Earth [59].

2012: Dragon, first commercial spacecraft in history to deliver cargo to and from the Interna-

tional Space Station (ISS)

In May 2012, SpaceX Dragon commercial cargo spacecraft made history again when it became the first

commercial spacecraft to deliver cargo to the ISS which led to a usual service for SpaceX as the Dragon 1

model flew 23 cargo missions to ISS until its retirement in 2020. Then, another model, the Dragon 2, was

developed to carry astronauts, as well as cargo [58].

2015: Landing Zone 1, the first-ever orbital class rocket landing

In December 2015, the Falcon 9 first stage successfully returned to Earth and landed at Landing Zone 1,

the first-ever orbital class rocket landing, in Cape Canaveral (Florida) after delivering 11 communications
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satellites to orbit [60]. This was beneficial to the company’s goal of achieving reusable rockets, as the Falcon

9 model had been designed so that its first stage could be reused [59].

2016: ’Of Course I Still Love You’ (OCISLY), the first Droneship landing

Another recovery system developed was the Droneship Landing, this platform fitted several measuring

equipment like sensors and cameras and can maintain its target position autonomously, or under the

operator’s remote control on the support ship. The droneship is fitted with two satellite antennas to extract

data and communicate with the incoming booster [61]. In April 2016, the Falcon 9 rocket launched the

Dragon spacecraft to the ISS, and, then, its first stage landed safely on the OCISLY droneship platform for

the first time [60].

Figure 7.2: OCISLY droneship landing platform. Extracted from [60].

2017: First world’s reflight of an orbital class rocket

The reusability program of recovering and reusing rocket stages allows the company to reduce costs by 30

percent, and then reuse these reused first stages at a lower launch price. In March 2017, the reused first stage

of a Falcon 9 was launched to perform a payload mission and successfully return to Earth a second time.

This was another achievement for the company, having performed the first reflight of an orbital-class rocket

[58] [60].

2018: Falcon Heavy first flight

Falcon Heavy is a super-heavy rocket designed using similar technology to Falcon 9 but with a higher potential

as is one of the most capable rockets flying. The rocket has more than 5 million pounds of thrust at liftoff.

In February 2018, Falcon Heavy had its first test flight, in which successfully landed 2 of its 3 boosters and

launched also successfully its silly payload that carried into orbit, a Tesla Roadster with a mannequin in a

space suit that is still orbiting around the Sun [59] [60]
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Figure 7.3: Falcon Super Heavy rocket launching from SpaceX’s facilities. Extracted from [62].

2019: First American spacecraft to autonomously dock with the orbiting laboratory

In 2019, the company had a very complete activity with the first operational flight of the Falcon Heavy in

April, and the beginning of its satellite internet service Starlink mega constellation, which launched over 50

satellites at that time with its Falcon 9 rocket [59]. Also, another milestone was achieved later in March of

that year as Dragon docked with the ISS becoming the first American spacecraft to autonomously dock with

it [60].

2020: First private company to take humans to the ISS

In May 2020, the company made history again with NASA’s SpaceX Demo-2 mission launch of the Crew

Dragon spacecraft through a Falcon 9 rocket delivering NASA astronauts, Doug Hurley and Bob Behnken,

off into space to the International Space Station (ISS). The crew safely landed back on Earth in the Dragon

capsule in August 2020, completing the end-to-end demonstration of SpaceX’s crew transportation system

and achieving the certification of the spacecraft for functional use for the daily transportation of people to

space. [63]. This mission was part of the agency’s Commercial Crew Program and set a new era of human

spaceflight and for American space history in crewed missions to Low Earth Orbit (LEO) since the conclusion

of the Space Shuttle Program in 2011 [64].

Figure 7.4: SpaceX’s Crew Dragon platform in its Demo-2 mission. Extracted from [65].
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By 2020, SpaceX’s platform was the sole commercial spaceflight firm capable and with the sufficient capacity

to deliver astronauts to the ISS, demonstrating it, once again that year, at a new mission in November 2020

with a crew of four astronauts [66].

2023: First Starship’s test flight

The most recent model and the one that will be the future spacecraft that will achieve the main goal of

reaching Mars is the Starship. This spacecraft, which consists of two parts: the booster (Super Heavy) and

the spacecraft (Starship), is designed to perform different functions such as transport between two terrestrial

points at high speeds or for orbital flights to the Moon and Mars.

In 2021, test flights of the Starship part were carried out, four of which ended up exploding, although the fifth

prototype was able to successfully complete a suborbital flight test in May 2021. And more recently, after

two years, the first flight test of the entire Super Heavy-Starship assembly to orbit resulted in a post-launch

explosion as the two parts were not separated.

Figure 7.5: Starship-Super Heavy first flight test that ended in an explosion. Extracted from [58].

The future of the company is focused on the development of this model so that it can become the most

powerful operational rocket and, in addition, it can be the first fully reusable rocket, as the company is also

working on the technology necessary to be able to reuse the two stages, as was done in the first stage of the

Falcon 9. More detailed information on the Starship model history is explained in Appendix B.

7.2 Company Business Statement and Philosophy

An in-depth analysis of company statements and core values is the method for understanding the reason for

the success or failure that a company can achieve. In the case of SpaceX, it is the leading company in the

race to space and all this success in the space and telecommunications sector, to a large extent, has been

possible thanks to its well-defined philosophy. However, all this information about SpaceX’s statements and

values has not been announced in any of the company’s official media, although the continuous information

that can be gathered about the company’s experiences and accolades makes this analysis of the company’s

fundamental purpose possible. In this section the analyses of [67] and [68] will be used.
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7.2.1 SpaceX’s Mission Statement

”To revolutionize space technology, with the ultimate goal of enabling people to live on other planets”

The mission statement is as ambitious as all the projects that come to light. Elon Musk has already made

clear since the beginning of SpaceX his main ambition, for which his organization has been successful, to

be able to make life on Mars possible in the future, which shows the decisive influence he intends to have

on mankind. In order to achieve the final goal, the company is working on making an evolution in Human

history by enabling multi-planetary life; revolutionizing Space Technology; and improving people’s quality of

life.

7.2.2 SpaceX’s Vision Statements

”To advance the future”

SpaceX is compromised in delivering innovative models with amazing advancements such as design advanced

and cutting-edge space designs that continue the good progress that the company has achieved by being

associated with many initiatives but always with the clear aim of working for the betterment of humanity on

other planets.

7.2.3 SpaceX’s Philosophy & Core Values

All the projects that are developed under the company’s name follow some important principles that critically

influence the overall performance and success of the activities carried out by SpaceX. The company’s

philosophy relies on a strong innovation culture that allows it to take more risks in active projects with the

support of inventive and expert professionals recruited over the core values of inclusion and diversity. The

projects are developed taking into account another core value related to the conservation of the planet to

finally achieve success due to a great commitment.

7.3 Stakeholders

The space business is a field where relationships, economic and otherwise, are very important to the success

of a project of this caliber. In the state of the art, it has already been demonstrated that this type of project

requires extensive development time and that, even if this phase is overcome favorably if it is not accompanied

by a good economic base, it is difficult for the project to prosper without going bankrupt. In the case of

SpaceX, it is a very particular company in many fields, as it has its own mode of operation that is different

from other competing companies.

7.3.1 Company Ownership and Work Environment

In terms of shareholders, its beginnings were less complicated than other startups that do not have the

backing of a CEO of the same level as Elon Musk since he sold his companies PayPal and Zip2 for nearly

$2 billion. In its initial period, from 2002 to 2012, the company operated with an amount of money of 1B
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dollars that came from government grants, private funding, and its CEO, Elon Musk. From that point on,

the company has benefited from funding rounds during its years of activity where important names have

contributed part of their capital so that the company has an operating margin in its missions.

Nevertheless, as it is a privately owned company, the full percentages and ownership of the company’s shares

are quite private and difficult to access. Therefore, in this section, a framing of its organization of actions has

been attempted with the information that is publicly available, any individual or corporation that could be a

possible shareholder or is already known as such.

SpaceX is a privately held aerospace manufacturer and space transportation services company so that means

that the shares of this rocket company stock, at this time, are not available to buy or directly invest. In

terms of ownership, a recent document proportioned by the Federal Communication Commission (FCC) in

2022, revealed the members who own of record and/or vote 10% or more of the membership interests of the

company where only appears Elon Musk, the company’s founder, and chief executive, who owns 42,3% of the

outstanding stock. This number has decreased since 2018, when he owned 50,4% of SpaceX [69], because of

the addition of potential shareholders to the company.

Referring to the ownership of the company, SpaceX, in January 2015, raised $1 billion from the funding of

two big firms, Google and Fidelity, who in exchange acquired 8,33% shares of the company. And, as it was

said in a short statement that SpaceX posted on its website, these new investors joined the existing ones

formed by Founders Fund, Draper Fisher Jurvetson, Valor Equity Partners, and Capricorn [70]. Nevertheless,

the space company is primarily owned, as noted, by CEO Elon Musk, who shares ownership with a few

corporations with less equity in the company. Some of these corporations are known to have SpaceX’s shares,

others are board members and some are just big investors in the company:

1. Private equity companies:

• Valor Equity Partners: a private equity firm founded in 1995 and based in Chicago which seeks

to invest through means of buyouts in business and consumer product and services, information

technology, manufacturing, SaaS, and technology-based sectors in North America [71]. This firm

is one of the board members of SpaceX.

2. Venture capital firms:

• Draper Fisher Jurvetson Management: was a venture capital firm, now its status is inac-

tive, primarily sought investments in commercial space exploration, robotics, and sustainable

transportation [72].

• Capricorn Partners: is a Belgium-based manager of project capital and equity funds which

invests in technology companies [73].

• Fidelity Investments

• Founders Fund: is a venture capital firm that invests in several sectors like artificial intelligence,

advanced computing, energy, health, and consumer Internet. The firm was the first institutional
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investor in SpaceX and a document with background data on SpaceX’s financial structure for 2022

released by the U.S. State of Alaska’s Department of Commerce showed that this venture firm

owned 5.76% of the rocket-to-satellite business [74].

3. Few public companies: Companies that have primary significant businesses and their investment in

the startup is just a small portion of this capital. The large public companies that are known to have

an interest in SpaceX:

• Bank of America Corporation:

This American banking conglomerate is a $270 billion investment bank and financial services

holding company that invested $250 million in SpaceX in November 2018 when the startup was

valuated at $30 billion, elevating its position in the space exploration company to a $1 billion

worth [75] [76].

• Alphabet Inc, a parent company of Google:

Google is a $1.5 trillion giant tech company involved primarily in the advertising services sales

across its brands but also in the investment of early-stage tech companies like SpaceX. In January

2015 invested $900 million sum to the $337 million that was also invested in December 2021. The

company has participated in some beneficial funding to the startup that positions its investment

worth at more than $10 billion [75] [76].

4. Angel investors: individuals or families that have accumulated a high level of wealth and seek

potentially high returns by investing in ventures during their early stages. The most prominent

angel investors are ’ space billionaires’, high-profile that accrued their wealth through other successful

businesses. Normally they achieve equity in compensation for its investment of 30 to 40% stakes,

nevertheless, after the largest investor joins the capital structure, this percentage is lower [77]

• Elon Musk

Funding rounds

All of these investors, and others less important in the company, have been involved in a funding round

which is a process whereby a startup company raises money from investors to help scale their businesses by

financing their operations. How a funding round works is explained in Appendix B.

Nowadays, this billion-dollar company that is rapidly growing in the space exploration field is a point of

desire for many investors who are aware of the potential the company is achieving and want to get their own

share in this space exploration company although its closely held structure impossibilities to invest in for

now, as the company still has not completed an IPO.

Although the startup is privately owned, as we have seen above, it has been gaining investment with the

creation of several rounds of funding, with a total of around 29 rounds completed at the moment, and

consequently, its capital has increased drastically throughout its history and was valued at 137 billion dollars

at the Grant Round, its last funding round completed in March 2023, where the principal investors where
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Saudi Arabia’s Public Investment Fund and Abu Dhabi Investment Authority, arriving with it at a total

funding amount of $9.8B through all the rounds completed where 83 investors intervened [75].

Figure 7.6: Some funding rounds of SpaceX’s valuation history. Extracted from [75].

Board Members of the company

A Corporate Board Seat is another important role in a company and not easy to land it that allows someone,

that in a privately held company, that is selected by the owners to support the company’s management and

the CEO in order to be accountable for their actions, follow the company’s plans, and drive overall corporate

strategy and priority. A boardroom in a private is not necessary, unlike for a publicly traded company, but

establishing one allows for an easier transition [78].

There is a limited number of seats for this role and, in the case of SpaceX, it is composed of 9-10 members that

are not necessarily shareholders of the company. Taking into account the information extracted from Pitchbook

[79] and [80], some of them are individuals like David Kidder, Bret Johnsen, Gwynne Shotwell or Elon Musk;

and others are in representation of some companies like Antonio Gracias JD (Valor Equity Partners), Barry

Shculer (Draper Fisher Jurvetson Management), Donald Harrison JD (Alphabet) or, companies that the

member is unknown by the information found, like Founders Fund, Deep Venture and Adventure Fund.

Figure 7.7: Notable investors with Board Call-outs. Extracted from [81].
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7.3.2 Partnership

SpaceX is quite particular about the contacts it has for its projects because it tries to have long-term

relationships with a small group to avoid problems with intermediaries that can affect the company in factors

such as manufacturing time or the cost of its models. It is for this reason that the few relationships that are

involved in these projects are quite solid. This section will analyze all those relationships with the company

that does not necessarily have shares in the company but are involved in some way with varying degrees of

power in SpaceX’s activity:

• Customers:

This type of partnership is a very powerful stakeholder in a company’s activity, as they are the ones who

purchase or use the product or service offered. SpaceX has been working with large corporations and

companies since its beginnings and has been expanding this sector thanks to the different expansions in

the space sector that it has had until now, which has led to new customers becoming interested in its

activity.

SpaceX, based on data extracted as of November 2022 [82], has contracted with an estimated 60

distinctive customers throughout the years being NASA its top customer with its 42 contracted launches.

Although, there are also other frequent customers like the telecommunication companies: SES and

Iridium Communications.

Figure 7.8: Graph of SpaceX customers based on the number of launches contracted (as of November 2022).
Extracted from [82].

– Governmental Supply Contracts:

36



7.3. STAKEHOLDERS CHAPTER 7. CASE STUDY

Partnership with governmental groups is highly beneficial in terms of regulations. SpaceX since

its beginning has had an important relationship with these corporations.

1. The National Aeronautics and Space Administration (NASA): is a governmental

corporation and one of its prime customers. SpaceX has won several NASA contracts valued

at $2.9b to resupply the International Space Station and send astronauts to the moon.

Their collaboration is the most notable for SpaceX due to its large trajectory and the several

contracts that the space company has been awarded gaining credibility and access to a variety

of resources and new technologies.

The beginning of its commercial partnership started in 2006 when SpaceX was awarded a

contract by NASA valued at $278 million for the Commercial Orbital Transportation Services

(COTS). The development of the Falcon 9 launch vehicle and the Dragon spacecraft, and the

technologies that involve them. The development of the rocket was the result of this contract

which positioned it as the first commercial company to send a spacecraft to the ISS. Later,

other projects followed by other contracts become like the Commercial Resupply Services

(CRS) to transport cargo and supplies to the ISS; or the Crew Dragon spacecraft used for

human spacecraft [83].

2. National Oceanic and Atmospheric Administration: contract valued at $82m to launch

a satellite.

3. Department of Defense (DoD): SpaceX is in charge of the 40% of all U.S. military satellite

and space deliveries. Recently, a collaboration with DoD to develop and launch a constellation

of military satellites into low Earth orbit (LEO) has been announced. By working together,

both parties will get benefits in terms of technology development: SpaceX will bring its

cutting-edge technology, and the DoD, its resources. The collaboration will not only result in

satellites equipped with advanced sensors that will improve conditions on the battlefield but

will also reduce the cost of launching satellites and make the market more affordable [83].

4. Others: Turkmenistan National Space Agency, Canadian Space Agency, Republic of Korea

Army... [82]

– Commercial Contracts:

The company is also involved in the commercial sector, working with telecommunication companies

that want to put into orbit its products. Following the information obtained in the AG Dillon &

Co report [80], each commercial service delivery using the Falcon 9 rocket is advertised at $62

million.

Some of the companies that have contracted SpaceX services are Iridium Communications, SES,

Various, USAF, Eutelsat, NRO, Orbcomm, Sky Perfect Jsat Group, Intelsat, SpaceFlight Industries,

Thaicom, Asia Sat, NOAA, ABS, Spacecom, Echo Star, telesat, CONAE, Sirius XM, Turksat,

Axion Space, Lockheed Martin Space, Northrop Gruman, Thales Alenia... [82]
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– Civilian Space Flight:

The future business will transport passengers at high-speed in a Starship vehicle.

• Private companies:

Partnerships with other companies could merge the knowledge and capabilities of the organizations

being able to create advanced new technologies beneficial to the space industry.

1. Boeing: The space manufacturer collaborates with the space exploration company by developing

a reusable spacecraft designed to transport astronauts to and from the International Space Station

(ISS), the Crew Dragon spacecraft [83].

2. Maxar Technologies: To develop the necessary communication and navigation technologies for

deep-space exploration [83].

3. Thales Alenia Space: With the same purpose as the Maxar Technologies company.

• Space Agencies:

This type of collaboration enables the company to expand its global presence by working with interna-

tional partners while also paving the way for a safer and more efficient future thanks to gaining access

to new technologies and resources [83]. In terms of legislation, working with these organizations makes

the procedures easier.

1. Federal Aviation Administration (FAA): an important transportation agency of the U.S. who

regulates all aspects of civil aviation in the North American country as well as over surrounding

international waters [84]. The relationship with this institution is quite crucial for SpaceX because

the infinite number of launches that the space company carries out must be approved by this

organization since its bases are located on American soil. That’s why the right partnership with it

will allow the licensing agreement to be simpler and faster.

2. Japan Aerospace Exploration Agency (JAXA): In February 2023 these two organizations

signed a Memorandum of Understanding (MOU) to develop the next generation of rocket technology

by researching and developing reusable launch vehicle technologies together. Merging their

knowledge will create a more efficient, reliable, and cost-effective launching system [83].

Another project that have as a whole is the development of a new type of rocket fuel that could

increase the efficiency of launches and reduce the risk of mishaps.

• Universities:

These institutions are a source of interest to a company seeking to develop projects of this caliber

because of the beneficial knowledge that can be extracted if they collaborate together, although it is a

partnership that does not rely on their power. SpaceX is interested in having contact with numerous

universities in order to advance technologically in its desire to explore Mars. For the moment, it has

already established a relationship with the following ones:

1. Massachusetts Institute of Technology (MIT): for the moment, with which it started a
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collaboration in 2019 to develop a new type of space suit for astronauts.

2. Stanford University: SpaceX is also partnering to develop new methods of landing on Mars.

3. Others: also partnering with other universities from the U.S. and Europe to develop new

technologies for space exploration.

• Media:

The relationship with the media helps the company in terms of promotion and may have a higher reach

which could be a possible reason for attracting new interactions with customers and other organizations.

A positive point in the growth of the company is that wants its projects to cross borders and be used

globally.

• Suppliers:

Although the majority of the components of their rockets are manufactured in-house, SpaceX works

with some suppliers that proportionate the components and materials needed to accomplish the creation

of its rockets, spacecraft, and satellites.

1. MSE Suppliers: A trusted supplier of SpaceX that has been supplying advanced materials and

materials processing equipment over the last several years to enable the company to achieve its

goals by being able to use these sophisticated and engineered materials that are used to built

rockets and spacecraft [85].

7.4 Market segmentation and Requirements

The market segmentation concept is a marketing term that refers to aggregating prospective buyers into

groups or segments with common needs and who respond similarly to a marketing action. By seeking to

identify targeted groups of consumers to tailor products and branding in a way that is attractive to the group,

allows a company to increase its overall efficiency by focusing limited resources on efforts that produce the

best return on investment (ROI) [86].

Nowadays, the company SpaceX is working simultaneously in four different businesses, being its future market

brand the hypersonic point-to-point travel, which will attract different potential customers than those the

company has been working with throughout its history. The marketing strategy of market segmentation, in

the case of SpaceX, must be applied differently for each established business as the capabilities of its rockets

and spacecraft vary according to the requirements of each mission or service, as does their price.

1. Commercial payload delivery: This part was its first activity and started receiving important

contracts to supply cargo to the ISS from NASA, which facilitated the development and construction of

the rocket that carries out these missions, the Falcon. In this section, the market also comes into play

with commercial telecommunications companies wanting to send their products into orbit.

2. Human spaceflight: This second part deals with the market for sending astronauts to the ISS and

also involved NASA contracts. For this stage, the company manufactured the Dragon series, suitable
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for passenger transport.

3. Global internet provider: This part deals with the subscribers of the rapid internet service Starlink.

For this service, the company is creating a mega constellation of satellites.

4. Interplanetary transport / High-speed suborbital vehicle: This last one is still in development

but will be the future customer of the company. Starship is a spacecraft that will perform a variety of

missions such as interplanetary travel, in the case of missions to the Moon and Mars, and high-speed

sub-orbital travel which will allow two points on Earth to be joined in a shorter time. The potential

customers for these services are likely to be governmental organizations in the case of interplanetary

missions and wealthy individuals with a more personal profile for point-to-point travel.

Taking into account the types of market segmentation explained in Appendix B, for interplanetary

transport a firmographic segmentation would suit in a more accurate way the capacities it can bring to

the table because, initially, the goal of interplanetary travel will be an activity more focused on large

organizations that want to achieve this milestone. On the other hand, hypersonic travel will be an

activity that will be of more interest to wealthy people who frequently make long journeys and prioritize

their time over the money that such a service might cost. A demographic or psychographic segmentation

could be applied to them, as for this sector, the aim will be to target a fairly established profile of

people with a very similar lifestyle among all potential customers because, until it is established, it will

not be a service available to everyone.

7.4.1 Requirements

Market segmentation is an effective method to ensure that the product you offer is correctly tailored to the

customer you are targeting with your service marketing campaign. However, in order for this to be possible,

certain requirements or essential factors must be met for the process to be successful. This is achieved by

following the acronym ADAMS, which stands for five criteria that will be explained for the business studied

in this thesis, the point-to-point hypersonic travel [87]:

1. Accessible: This criteria aims to ensure that the product or service that has been targeted at a market

segment is accessible to them at an affordable price and with the right strengths and skills. SpaceX is

known for trying to reduce the high cost of space transportation as much as possible so that in the

future it can reach a larger market, although at the moment the reality is this.

2. Differentiable: An ideal market segment should be internally homogeneous, with similar preferences

and characteristics, and externally heterogeneous, with a strict distinction between market segments.

That means that the differences between the market segments must be clear in order to apply a specific

marketing program for each one. As we have been able to verify, this point is quite clearly fulfilled in

the company studied, since its four existing business fields have specific objectives and characteristics

for the missions they wish to achieve with them, with a clear focus on one type of customer.

3. Actionable: In this field it is evaluated how practical or profitable it is to apply this marketing strategy

in the segment, and if by applying it, favorable results can be obtained. In a concept as innovative as
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the one under study and the number of competing companies that are in the race to establish this new

business, it is essential to create a strategy that differentiates the company’s concept from the many

other ideas that are being developed. This will bring awareness of the project, interest in the company,

and buy-in from buyers.

4. Measurable: In order to quantify sales, value, or number of customers by an accurate estimation.

This could help the company to get an idea of the size of the market in order to better focus its efforts

on that part of the market. In the case of point-to-point service, it is a very new market for which there

are few references, only Concorde operated commercially on a continuous basis. However, it is known

to be a high-class service with much higher development and construction costs than other sectors,

which is why the market is much smaller and the starting prices much higher.

5. Substantial: This variable focuses on the adequacy of the market to which the product or service is

offered in the sense that the resources used are not wasted or squandered. For example, in the case of

Starship, the potential it can offer is 100 tonnes of material, a huge capacity that in other markets such

as the transport of small satellites to orbit would be an unnecessary waste of the capabilities of this

product as it can be done with less powerful rockets existing in the company.

Figure 7.9: Comparison of the capacities between Falcon series and Starship. Extracted from [88].

7.5 Stakeholders analysis

After having framed all possible sectors that can influence the company’s activity in one way or another, they

have been classified in Mendelow’s Matrix where, in a visual way, all influential stakeholders can be analyzed

according to their level of power and interest.
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7.5.1 Mendelow’s matrix

Figure 7.10: Mendelow’s matrix where the stakeholders’ analysis is shown. Developed with [89].

7.6 Space Transportation system

Vehicle specifications

• Starship

Starship is the second stage of the full-stack vehicle. The model structure has a height of 50m and a

9m outer diameter, capable of carrying a propellant capacity of 1,200t. The spacecraft can launch the

extraordinary payload of 100-150t in two different configurations: cargo and crew configurations.

The model integrates a payload section which is a clamshell structure that has a large deployable envelope

allowing launch in a single mission with novel payloads, rideshare opportunities, and a constellation of

satellites. These payloads remain inside the spacecraft till the mission-unique payload adapter deploys

them, which will be used in different mechanisms for each mission requirement. The propulsion system

consists of 3 Raptor engines, and 3 Raptor Vacuum (RVac) for the vacuum of space [90] [91].

• Super Heavy

Super Heavy is the first stage that impulses the Ship to then land back to the ground for fully reusable

usage. This structure has a height of 69m and an outer diameter of 9m, capable of carrying a propellant

capacity of 3,400t. The propulsion system consists of a configuration of 33 Raptor engines, 13 in the

center and 20 around the perimeter of the booster’s alt end, that powers the spacecraft giving a thrust

of 7,590tf [90].
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Figure 7.11: Starship-Super Heavy performance. Extracted from Tony Bela.

Propulsion system

For the propulsion of this system, the Raptor engines, also developed by SpaceX, are used and are still being

developed to improve their capabilities. These complex engines allow higher efficiency thanks to their full-flow

staged combustion cycle fuelled by a propellant combination called Methalox consisting of sub-cooled liquid

methane (CH4) as fuel and liquid oxygen (LOX) as oxidant [90].

Figure 7.12: Raptor engine model developed by SpaceX. Extracted to [90].
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7.7 Production System

In terms of production, as it is known, SpaceX produces the majority of its components in-house in its Starbase

facilities located in Cameron Country in the Rio Grande Valley, right off Highway 4 and encompassing the

Boca Chica town (South Texas, United States of America) [92]. In tandem with ongoing Starship development

and testing, the construction of this factory which directly employs more than 1,800 employees being the

largest employer in the area, is underway [93].

Simultaneously with the mission of making a multi-planetary future a reality, the SpaceX community-based

in this area is very active with the local community: being part of volunteering in groups or individually,

conducting community and education outreach collaborating in national and local organizations that focus

on Science, Technology, Engineering, and Math (STEM) education for K-12 students and educators.

7.7.1 Factory facilities

As Starbase facilities include the manufacturing and launch of the spacecraft, this headquarter has two areas

that fulfill each objective. The first is the area where the spacecraft are manufactured, a space that may

change over time because these locations are optimized for the construction of the Starship concept at the

time. Although being a concept under development, its facilities will also evolve, according to the changes

and improvements that are applied to the prototype. A map made by [94] in mid-2022 provides a guide to

the production process used by SpaceX for the Starship series.

Shipyard, or Build Site

Section of the factory where long rolls of stainless steel enter the factory to be transformed at the end of the

process into the starships and boosters that will make up the full Starship stack. This part of the facilities is

divided into two buildings with different uses and purposes: the tents and the bays.

• Tents

This part is made up of long tents where most of the construction processes are carried out, as well as

the testing of parts and tanks are completed:

– Tent 1, where the organization and staging of the ring segments and the raptor engines, that are

installed on vehicles still in production, is carried out.

– Tent 2, where the rings are fabricated, and where the domes are initially assembled using sleeving

jings to join these parts creating a seal.

– Tent 3, where the top part of a starship, the nose cone, is constructed and sometimes tiled, that is

the process where the tiles, are used to protect the spacecraft from intense heat produced from the

friction between the Starshio and the Earth’s atmosphere during launch and entry, are installed.

• Bays

– Low Bay, where the nose cones proceed in their construction steps before the final assembly of

them. In this part, the nose cones are tiled, mounted to the ring segments, and prepared for future
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assembly.

– Mid Bay, used to assemble the body section of the ships, testing tanks, and for Ground Service

Equipment Tanks.

– High Bay, used for the work assembly of both Starship parts because of its high altitude structure

characteristic. In this part, the ship nose cone and the body section are fitted, as well as, the

assembly of the booster.

– Mega Bay, being twice as wide as High Bay but more or less the same size, this new building is

the perfect spot to build both boosters and ships at the same time.

Sanchez Site

Section used mostly as a storage and staging area, although in the past, was used also for assembling and

staging the Orbital Launch Tower segments and the Cryoshells, a well-understood component of SpaceX’s

custom-built solution to Starship and Super Heavy propellant storage, till this sections were completed, rolled

out and mounted on the Launch Complex.

7.7.2 Launch complex

Suborbital Launch Site

This spot of Starbase consists of two launch stands, called Pad A and Pad B, and a smaller suborbital tank

farm. The function of this spot is expected to be used as the location for the verification of Starship tests [94].

Orbital Launch Site

• Orbital Launch Integration Tower (OLIT) Launch and catch tower that rises to a height of 480 feet,

being the largest launch tower in the world. This tower is designed to support the launch, vehicle

integration, and catch of the Super Heavy rocket booster, which reduces mass from the launch vehicle,

moves hardware complexity to the ground and enables rapid reuse of the rocket [93].

– Quick Disconnect Arm: part of the tower that will provide propellant and stabilization to the fully

stacked Starship.

– Mechazilla: a system that the tower will support in order to catch the Booster and the Ship

from mid-air or place boosters and ships into the Orbital Launch Mount (OLM). This system’s

mechanism will consist of two giant robotic arms that would act similarly to chopsticks to lift and

stack Starship onto Super Heavy for final integration ahead of the flight.

• Orbital Launch Mount (OLM): structure of 6 strong and thick reinforced pillars where the stack will

sit so it has to be able to support a lot of weight.Also has a deluge water system to reduce noise and

vibrations [94].

• Orbital Fuel Farm: to support the required propellant and other consumables for launches and tests.
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7.7.3 Software team

In terms of the systems implemented in the models, there is a team that works testing these codes to ensure

that every part is airtight and ready to be performed in the prototypes. This section will be based on the

information extracted from an interview done with SpaceX Software Engineer Managers, Steven Sepanloo,

and Anthony Rose, that work in the Starlink missions [95].

In addition to the systems that are integrated into the models, these teams also work to make the operation

of the factory as efficient as possible, creating smarter factories. Rose says that one of the responsibilities

these engineers have is to develop the necessary software for the company to use so that the vehicle can

arrive at the launch pad properly prepared for take-off. That’s why the Application Software team developed

Enterprise Resource Planning (ERP), a type of software that companies use to manage day-to-day business

activities, and in the particular case of SpaceX, the stages of building a rocket. Rose, also explained that

other examples of applications are a management system to identify the location of the fabricated parts of a

rocket to build it as efficiently as possible; or change management and defect tracking.

Figure 7.13: Process of the performance of the ERP. Extracted from [96].

In terms of the team focused on the software outside the vehicle, the importance of knowing how to

work and adapt as an organization to support the diversity of business lines that SpaceX has, is the key

concept. Sepanloo explained that, in that environment, the solution is not focused on growing the size of the

organization, instead, the solution relies on putting engineers closer to the problem spaces reducing the time

needed between understanding a problem and finding a robust solution, making the process more efficient. By

applying these changes of getting the systems closer to the line in the manufacturing, the software engineers

get more familiar with the assembly line in the manufacturing facilities and will understand better the

problems to build more innovative solutions

Another aspect that was extracted from the interview was the importance of all the data extracted as a

function of increasing flight rate to understand the hardware. When rockets are in the development phase

have constant test launches and other types of tests that not always are successful attempts. Nevertheless, it

is not a negative aspect as these operations that are in developmental testing provide critical data and that
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means that many maneuvers (not all) have had a successful performance and a ton of valuable information

/data can be extracted to improve. Starship examples could be the SN10 which had a hard landing but

important data was extracted from it; also like the first test flight of the fully stacked Starship which ended

in an explosion.

7.8 Value-Chain Analysis

Value-chain analysis is used to create a portrayal of the activities that give products value which is all the

factors that are involved in the production till the product’s final utility. SpaceX’s supply chain enjoys

several advantages over the dispersed supply chain of the competitors, which work with several suppliers and,

consequently, are producing their products at an inflated price because of the cost plus which affects the

profitability margin.

But SpaceX is focused on providing a product at a low cost and, for this reason, its production system is

based on some key concepts that differentiate it from any other company in the sector, such as:

1. Internalize several phases with in-house manufacturing: A significant key strategic pillar at

SpaceX is to procure most of its raw materials and manufactures the parts needed for its products as

over 70-85% of the materials and launch hardware used are manufactured in-house [97].

By this is able to undercut its costs largely as compared to its competitors. A reduction of the launch

margin by a factor of ten is the result of applying this key concept. Whereas some competitors like

United’s (ULA) launches cost around $460 million, SpaceX’s cost $90 million, reducing massively the

price cost but still enjoying 70% gross margin [98].

2. Scout and support non-aerospace suppliers in entering the aerospace business: Companies

that produce similar components but not for the space market. Moreover, the reusable launch system’s

components are designed integrally by SpaceX.

7.8.1 Vertical Integration

Vertical Integration is, according to [86], a strategy that allows a company to streamline its operations by

taking direct ownership of various stages of its production process rather than relying on external contractors

or suppliers. Adopting this system lowers its price per launch, increases profit margins, and the company

acquires a better knowledge of the product and its supply chain [98].

Structure & type of Vertical Integration

The application of vertical integration in a company is considered when, in the supply chain, the company

not sticks to a single point just, instead, engages in the control of two or more steps involved in this supply

chain to broaden its footprint to become more self-reliant on other aspects of the process [86].

Depending on the level of activities that the company engages in along a single supply chain, vertical

integration is classified into different types: Backward Integration, to control the ownership of its products at
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an earlier point in the supply chain; Forward Integration, to gain control of the distribution process and sale

of the final product; and, the one applying in SpaceX, Balanced Integration. Balanced integration is the

type of vertical integration that has greater control over the entire supply chain but is also, the one that is

most costly and risky for the diversified business implied. This type consists in merge both before and after

processes of the supply chain as the company must directly source its own raw materials and, also, work with

retailers to deliver or put in service and sell directly to customers the finished product.

Advantages & Disadvantages

However, the application of this method is not entirely beneficial as it entails risks that can be harmful

to the company. Any company wishing to implement vertical integration must assess the advantages and

disadvantages of this strategy in order to see whether the balance will be positive and whether it can

satisfactorily overcome the risks involved in its implementation [86].

Advantages Disadvantages

Type Explanation Type Explanation

Greater efficiencies

Economies of scale,

the cost advantages gain

from increasing their

output, which increases

efficiency

Heavy

upfront capital

expenditure

Integrate a new line of

supply means properly

acquiring and integrating

new systems and ensuring

the correct training of

the staff in the manufacturing

process which has a cost

Reduced costs

Long-term savings due

to avoiding the cost plus

profit margin of the suppliers,

and minimizing the cost of

its deliverable by being

able to undercut costs

and increase profit margins

Reduction of

long-term flexibility

To sacrifice some degree

of flexibility due to not

gaining knowledge from

external vendors, or committing

capital to a specific process

or product which is not

easy to retrieve

More control

along the processes

Greater control over

the product, inputs, and

process, which may lead

to a better knowledge

of the product and its supply chain

Widespread

buy-in

Increase in managerial complexity

requires of a new set of expertise

to complement the existing

business which is achieved

in a long-term to be

properly accepted

Reduce external

dependence

Greater flexibility in

adapting to changes

which with the dependency

of external companies

would add more complexity

Social impacts

Trying to cover too many areas

of production can lose focus

on the company’s core business,

leading to poor results

and loss of stakeholder confidence

Table 7.1: Advantages and disadvantages that involves the application of a Vertical Integration strategy
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7.8.2 Supply Chain

Upstream

Every project starts with obtaining the raw material that later, through different operations, will become

the final product that the company will market. This section groups together the initial activities that are

carried out until the product can be manufactured.

Many companies for this step would rely on a big amount of suppliers, not the case of SpaceX which purchases

its own raw materials minimizing risks of higher prices, and avoiding being beholden to third-party vendors

with all the risks that relying on another company entails. Nevertheless, the company still works with a few

external companies as its success comes also from its cooperation with 3.000 suppliers [99].

Middlestream

Then, these materials are manufactured in a vertically integrated way in one or another facility that the

company purchases around the United States, depending on the project being developed, The products

produced by SpaceX, rockets, and spacecraft, are highly engineered systems as contain many industry-specific

components like rocket engines, thrusters, or advanced software that must be manufactured at a rate fast

enough to keep up with the order but also must accomplish the technical and safety requirements established

[100].

The logistics team calculates the internal production organization due to the precision and regulations that

this type of service requires to fulfill the contracts on time without production delays and disastrous results.

These delays could be caused by poor forecasting of when needed parts would be available so, to solve it,

in 2015 brought on board an MIT Leaders for Global Operations (LGO) team, whose after gathering and

analyzing data extracted to develop a deeper understanding of supplier variability, identified some issues such

as inefficiencies in production operations or supply issues [101]. The solution to these problems leaned on

applying Lean Thinking with its 5S methodology, developed by Toyota to increase productivity by improving

the work environment. Methodology 5S implies Seiri (sort), Seiton (seit in order), Seiso (shine), Seiketsu

(standardize), and Shitsuke (sustain) [102]. Another aspect to take into account is the storage of its own

products in its facilities as the company, in addition to manufacturing the products, also storage and launches

in-house [97].

Downstream

The last stage of the supply chain consists of its commercialization where the organization, companies, or

individual customers of the space transportation market are important key elements. Marketing and sales

have to convince these potential customers of the benefits of their product in front of other potential projects.

Differentiation is important in this stage to provide a better proposal, thus SpaceX ensures customer loyalty

by guaranteeing on-time and successful launches, providing in-depth information about the company, and

offering a cheaper service [97].
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7.9 Customer/Stakeholder Relationship

Stakeholders help the company to sustain itself, whether it is through the exchange of information or

financially, so establishing a strong relationship with them is essential for the business to move forward.

SpaceX works closely with its clients maintaining a service that is tailored to each client’s need as it oversees

the launch, orbiting, and recovery of the rocket or spacecraft. Its customer relationship maintains a primarily

dedicated personal assistance nature [103] with high-customized support and sales to negotiate and design

long-term contracts.

Moreover, a company must provide transparency to its stakeholders as providing the necessary information

will ensure their engagement and confidence in the company.

7.9.1 Customer’s relationship

The space transport market encompasses multi-million dollar contracts, so the service or end product has to

adhere to strict margins and demanding customer expectations to ensure that the customer is satisfied with

the outcome from the first contact.

Long-term contracts are the ideal relationship that SpaceX wants to have with its customers, so there is a

strong interest on their part to create a good relationship with customers and to meet all the requirements

set by using new and smart technologies. The program used by the company seeks to streamline all processes

in the best possible way in order to deliver the best value product for its clients. The data collected from

previous cases is very valuable in the field of space transportation, which uses expensive equipment for its

services, and therefore avoiding the risks involved in this market can maximize its profits. This is primarily

achieved by building a close relationship between the mission sales process and the delivery process, in which

the mission is achieved, which will ensure continuity and avoid lessons already learned by having information

available at every part of the customer journey [104].

7.9.2 Stakeholders’ relationship

The relationship with the other components of the stakeholder group is also of great interest to the company

since in many cases they are the ones who provide a large part of the money with which the company operates

its projects or an exchange of information between organizations that helps to develop new space technologies

faster thanks to the sum of knowledge. Maintaining these relationships is also beneficial for SpaceX to sustain

its projects, especially in economic terms, as it is a private company and does not have shares that are open to

the public. The investment rounds, as explained above, are a method for the company to grow economically

thanks to the relationship with investors that provide it with the necessary financial resources.

Maintaining these relationships is also beneficial for SpaceX to sustain its projects, especially in economic

terms, as it is a private company and does not have shares that are open to the public. The investment

rounds, as explained above, are a way for the company to grow economically thanks to the relationship with

investors who see an attraction in Musk’s project and provide funding. This, in addition to the profits from

government and commercial contracts, allows the company to continue to fuel its active projects. The sales
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team is interested in attracting these investors with a strategy that provides an interesting product in the

eyes of investors and potential customers[104].

7.10 Financial Status and Risks

7.10.1 Financial Status

SpaceX in its approximately 20 years of activity has been acquiring capital, increasing its value thanks to its

successful projects which, as we have seen in the chapter Stakeholders, have increased the trust they have in

the company and, therefore, strengthened its relationship with its partners. This private company has been

acquiring its capital through investment rounds with large investors who have placed their trust in it, and

large contracts with organizations that have allowed it to carry out projects that have made history, currently

operating with a raised amount of $9.8B dollars, positioning it as one of the biggest private companies in the

space sector valued at around $140B.

Lots of predictions are made due to its privacy in financial numbers as SpaceX does not reveal its annual

revenue data. Nevertheless, the financial status can be analyzed thanks to estimates made by analysts, who,

using data that the company has been able to provide at some point or that are known by other means,

have been able to make a report on the current state in which this private company finds itself, and the

possible future that lies ahead. In this section, the report of the analysts of Payload Space [105] and other

assumptions found in [106], will be taken into account.

SpaceX revenues

In terms of income, the money that the company earns, it is inevitable not to notice the continuous growth

that the company is undergoing. Revenues are obtained via commercial and governmental contracts, and also

from awards. Following the annual revenue projection made by Payload Space’s analysts [105] and located

in Appendix B, helps to identify the financial income received from each active project on which the space

company is currently working.

• Interplanetary project (HLS): The newest project that SpaceX is testing has the aim to make

multi-planetary life a reality. The spacecraft that is expected to achieve this milestone, the Starship,

has sufficient capabilities to operate in different scenarios with some modifications in its configuration

being capable of operating in Lunar, Earth, and Mart missions, and also operating in the new rapid

point-to-point market. In terms of funding for the project, NASA has awarded them with contracts of

around $4 billion, a lot of money that will serve to keep the project going through a test program [107].

In 2023, SpaceX received an additional recognition of $750M for its expected progress in the development

of Starship [105].

• United States Space Forces (USSF): SpaceX, according to [108], has a major contract in Transport

& Tracking Layer (TTL) with USSF for launching government GPS spacecraft, the government’s next

two GPS III satellites, for $97 million in capital each, price reduced to $52.7M capital now for the next
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launches, but in return Space Force permit the company to fly reused Falcon 9 rockets. In 2023, an

additional recognition from manufacturing and development of $75M has been awarded [105].

• Starlink: an expensive satellite internet service built by SpaceX that requires a constellation of

operative satellites orbiting the Earth to make it work correctly and to beam broadband speedy internet

coverage across the globe. This year is expected that at least 30 launches will carry a total amount of

1000 broadband satellites, some to meet its current target and others for replacement missions, and the

launch of Gen-II prototypes (USSF).

Unlikely, there is non-revenue linked to the launch of this mission as the incomes come from the use of

this service, not their proper installation. Nevertheless, Starlink recorded its first quarter of positive

cash flow in 2022 and in 2023 is expected to make a profit. By being commercialized, the idea of an

IPO for this project is closer and SpaceX has indicated that could occur within the next few years or

even sooner.

As it was said, the income of this business line comes from the use of this internet service so the growth

of the number of users will be the principal revenue. The estimation of this amount can be established

by taking into account the timeline that the service had experienced during the latest years, as in

2021 it had 145,000 users, and one year later this number grew massively to 1M. So, for 2023, it is

estimated to have 1.6M additional Starlink subscribers that will be divided an 80% share for the groups

of Residential & RV, and 20% for Business. Although, all this increase in users would not be possible

unless the key bottleneck of the manufacturing of user terminals is not solved by the company in the

next years by growing its constellation of satellites to expand its service globally. [105]

• Launches: Great part of SpaceX income comes from launching their rocket series to achieve different

missions. According to [105], the estimation of the number of launches for each model and the ticket

price will be followed to evaluate the revenues that the company will achieve this year.

– SpaceX Falcon Heavy: the partially reusable heavy-lift and super heavy-lift launch vehicle. For

the Falcon Heavy, an estimation of the price per launch goes from the reusable version in 2022

valuated at $97 million per launch, and the commercial one in 2017 for $150 million launch price

[109]. In the [105] analysis, estimate their cost per launch at $125M.

– SpaceX Falcon 9 launch vehicle family: partially reusable orbital medium-lift launch vehicle, has

launched successfully a total of 185 times as of November 2022 being $62 million its commercial

launch price in 2016 and $50 million the price to reuse it in 2018, according to [109]. As the rocket

is used in different missions, the 2023 estimation for each activity, following [105] predictions, will

be analyzed:

∗ Standard Commercial: Mission where products like satellites of commercial companies are put

into orbit and their cost per launch is estimated at $60M.

∗ Transporter: estimated at an average price of $40M.

∗ Commercial Resupply Services (CRS): Missions to supply Cargo to the ISS that based on
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prior award data, their cost per launch is $145M.

∗ Government missions: Nation security launch bids cost per launch is estimated at $100M.

∗ Crew Dragon: NASA bought in August 2022 for $1.4B five crewed missions of 20 seats each

(Crew-6, Crew-7, Polaris, Ax-2, and Ax-3) being the price per launch at $60M each.

In conclusion, the Payload Space [105] projection of 2023 for SpaceX, expects that the company overall will

obtain a total revenue of $11.55B from Launch missions ($5.27B), the Starlink project ($5.46B) and others

concepts ($825M) that include the winning contracts of governmental organizations. Comparing this result

with the projection made in the latest years, the conclusion to be drawn is that the company each year is

capable to scale its revenue, as well as the number of launches from making only 31 launches in 2021 to

aiming to triple this ceiling and exceed 100 by 2023.

Figure 7.14: Comparison of the estimation of SpaceX 2022 and 2023 Revenues, is not based on any internal
data or proprietary information. Extracted from [105].

SpaceX Expenses

In order to make a profit from a business, the expenses that the product or service requires must be analyzed,

that includes the cost of all the activities required to put into operation the product like the cost of developing,

manufacturing, and launching.

Times have changed and the new technologies that are applied today in the construction of rockets and

spacecraft have made it possible to reduce the operational and construction costs of their models. And even

more, taking into account one of the main objectives with which the company is working, the development of

fully reusable rockets. In 2020, Christopher Couluris, the director of vehicle integration at SpaceX, verified

this statement saying that reusing the rockets can reduce launch costs by $30 million [106].
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SpaceX Stock Price

Private companies are privately owned and therefore their shares, the real price of which is unknown, are

not listed on the stock exchange. In order for investors to be able to buy these shares, the company must

launch a possible initial public offering (IPO) of space technology in order to go public. However, this will

not happen, according to Elon Musk, until the company achieves its main goal of multi-planetary Mars.

Figure 7.15: Graph of SpaceX stock price in the interval of January 2019 to December 2022. Prices adjusted
for the 10-for-1 stock split in February 2022. Extracted from [110].

Declarations from December 2022 extracted from [111] of people familiar with the company, stated that

SpaceX is offering to sell insider shares at a price of $77 apiece to raise, at the moment, the company’s

valuation to about $140B.

SpaceX Profits

For the level of profitability, in every company, there is a certain amount of income and a certain amount of

expenditure, and the company wants its balance sheet to end up with a positive result in order to be able

to make a profit from the activity carried out. However, the beginnings of a company must have a good

economic base since during this time the product is not at the stage where it can be marketed.

SpaceX began to make a profit in 2013 with the launch of the Falcon 9 rocket. From that point until now,

the company has been growing to become one of the world’s principal space transportation firms, thanks

mainly to its business line dedicated to launching satellites for commercial companies, where it earns an

average of 62 million dollars per launch. Also, the company can be considered potentially profitable since first

and foremost it focuses on reusable rockets. Nevertheless, despite its high valuation records, its profit margin

may be low due to the expense of operations that carry out the space exploration field. Predictions made

by analysts in 2017 positioned its profit margin in a 3%, a percentage that will boost by reusing damaged

rockets and remodeling technology which reduces space transportation costs [106].
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7.10.2 Economical Risks

A business as big as the world of space exploration entails economic risks that, if not managed well, could

cause the company to go bankrupt. In order to be able to operate with a margin of error in the world of

space projects, the company must have a solid economic base, as it is an expensive market that requires

many hours of dedication in the development and testing phase in order to obtain a reliable and safe result.

• Projects underdevelopment: Although SpaceX has different business lines that help balance the

company financially, it is always a challenge when a project that is still in development and testing

does not produce income but consumes money due to the costs involved in these phases.

Starship is one of those projects, as it is currently in the phase of prototypes that vary and are being

tested. As this line is not yet ready to be commercialized, it produces an expense that, for the moment,

SpaceX, having a large economic base and economic backing also coming from government contracts,

can easily cover these losses. However, it is a factor that must be taken into account in a possible

future situation in which these phases do not succeed and the project ends up being counterproductive

because it does not prosper.

Another project that could push the company into the red due to the same problem is Starlink. This

network of satellites is already active and starting to provide income for the company, although finishing

the construction of this network to refine the services it can offer will be another challenge that the

company will have to overcome so that these costs do not affect SpaceX’s overall economy. However,

although this innovative internet service is not yet available at all terrestrial locations, its prospects

are quite positive and the service is likely to expand rapidly to meet the demand that exists, thus

expanding the constellation of satellites that currently exists [107].

• Military market competitors: A great part of the revenue that SpaceX receives, comes from

commercial and governmental contracts. This activity, however, may be affected because its competitors

end up winning these contracts as their models offer better performance. In recent years, SpaceX has

been a very powerful company in this regard, with NASA and other American organizations it has a

long-standing relationship from which it has benefited with large contracts that have given a big boost

to its development projects. Nonetheless, space technology companies continue to exist and grow as a

threat to Elon Musk’s projects. For example, in the case of contracts received by U.S. national security

services (NSSL), SpaceX competes fiercely with another space launch company, United Launch Alliance

(ULA).

These major NSSL providers, which dominate mainly against other rivals, competed in the procurement

of contracts in NSSL Phase 2 plan, where bids were sought that could fly the full range of missions,

and in which the outcome was more favorable to ULA which won 60 percent with its Vulcan Centaur

prototype, as opposed to the unwanted 40 percent won by SpaceX. Nevertheless, a new draft called

Phase 3, has been rolled out, a multi-billion-dollar procurement of launch services projected for 2025

through 2029, which SpaceX could compete in a new opportunity of achieving a higher percentage

awarded as models will be fully reusable and thus will reduce costs [70].
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7.11 Environmental philosophy

All activities related to the field of space transport have historically been considered to have a very high

impact on the environment due to the fact that they are huge constructions that produce enormous power,

which requires a high amount of polluting fuel. Over the years, with the evolution of space technologies, new

techniques have been developed to reduce the environmental footprint of these missions. This section will

analyze the philosophy and actions that prevail in the SpaceX company to reduce the environmental impact

that its business produces. SpaceX is based on the philosophy that simplicity, reliability, and low cost can go

hand-in-hand [112].

7.11.1 Reusability

SpaceX environmental philosophy about the implementation of space transportation in society relies principally

on reusability. Historically, the rockets were flown only once till some reusable characteristics were implemented.

Nowadays, most rockets are designed to burn up on reentry, unlike, SpaceX’s models, which are designed to

be fully and rapidly reusable rockets, can withstand reentry, and, moreover, can successfully land back on

Earth to fly multiple times per day without any modifications [60].

The Falcon series vehicles are the first and only orbital class rockets capable of reflight. SpaceX, in addition

to building models that can perform more than one launch, has also designed systems for the recovery of

these rockets or some of their parts. In the case of the Falcon, two systems are available depending on the

performance of the mission [60].

ASDS (Autonomous Spaceport Drone Ship) is one of them. This system has autonomously controlled

droneships in the ocean that intercept the models on landing so that they are not damaged and can operate

correctly on numerous occasions. The droneship is a modified barge equipped with a large platform and

station-keeping thrusters, among other equipment, to land boosters on high-speed missions when these, for

lack of fuel, cannot perform a normal landing at the launch site. The other recovery system provides a

landing area close to the launch site [61].

7.11.2 Sustainability

Another element that negatively affects the environment is the pollution from these rockets and spacecraft,

especially considering that the company launches regularly throughout the year. With just one rocket launch,

a staggering 300 tonnes of carbon are emitted into the atmosphere, an element that lingers in the atmosphere

for years.

Carbon Offset Program

Elon Musk believes that capturing these carbon emissions to use them as fuel would be the solution to

improve the climate on Earth, and, also, to make a settlement on Mars. So, a program designed to mitigate

SpaceX’s carbon emissions has been created to search for new carbon capture technologies to help make it

happen.
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Figure 7.16: Rocket recovery systems for subsequent reflight. On the left, is the Droneship system, and on
the right, is the Landing Zone system. Extracted from [60]

The company is offering a $100M prize as wants to investigate the capture of carbon emissions, which is

a complex concept, rather than the subsequent step of transforming this element into rocket fuel. The

requirement is that the proposals found can demonstrate certain effectiveness, more specifically, that they

can operate at a scale of 1000 tons removed per year, model their costs at a scale of 1 million tons per year,

and that they demonstrate that in the future a scale of gigatons per year can be achieved [113].

The benefits that this solution can offer, affect not only the space sector, as it would have a global impact.

The principal benefit will be environmental, to reduce global carbon emissions. Nevertheless, in terms of

economics, investing in projects to develop technologies to capture and store carbon, as SpaceX is doing,

could promote economic growth and development due to the addition of a new series of jobs that will create

economic opportunities in the clean energy sector and promote a more sustainable future [83].
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BM analysis of Starship

Chapter 8

Business Model CANVAS

This chapter, which follows the case study of the company studied, aims to group all the information found

about the company’s activity in a visual representation of a business model called CANVAS. In the business

model canvas (BMC) it is intended to highlight all the strategic factors in order to create a complete overview

of the company’s workings to visualize and analyze its strategy.

The BMC is a one-page document that synthesizes all the information aimed at creating value and exploiting

the company’s business opportunities. The document is divided into nine fundamental sections to be able to

analyze in detail all the factors that influence the product to be marketed, an important step to understand

the business to be established taking into account the potential customers, the offer, infrastructure, and its

economic viability in order to conclude a future business plan. These nine elements are also divided into two

sections, taking into account whether they influence the value that the product can bring to the company or

the cost that they will entail. The BC will be analyzed implementing the information of [114].

8.1 Value-side

8.1.1 Customer segment

The customer segment section is a classification of the possible market to which the product or service

offered is intended to be addressed, be it B2B (business-to-business), B2C (business-to-customers), or B2G

(business-to-government). This element is an essential building block in our business model as they will be

the future customers essential to create a profit, that is why it is important to define in detail the ideal person

to whom the product will be mainly addressed.

In this process, these customers can be defined through various means that should assess common factors

like a possible estimation of their current and future needs; problems that the product should solve; their

behavior about their likes, dislikes, and pain points to understand the best way to approach them; their

demographic information; or the relations that could have with other studied customer segments.

In the case of SpaceX company, nowadays, the main customers providing capital are those who need to
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transport something into space, but in our case study of point-to-point transport to Earth at high speed, the

potential buyer to whom the company’s activity will be directed will be those people with high purchasing

power using the product offered in a more personal way. However, the customer segments with which the

company works or is intended to work are as follows:

• First and foremost is its commercial relationship with the US government. A B2G type

relationship involving its cooperation with NASA and with the Armed Forces to transport cargo and

astronauts to the ISS.

• Telecommunications companies also have a relationship with SpaceX, in this case, a B2B one, to

put their products into orbit. Some of the most significant companies in their commercial activity

are Orb Comm, which focuses on the Internet of Things, and MDA Corporation, which specializes in

satellites and related services.

• Customers with high purchasing power will be the company’s future customers, a relationship

type B2C. This exclusive service would be aimed at people who can afford the high price of these

tickets in order to save time by traveling point-to-point to Earth at high speed because although the

company is using its technologies and optimizations to reduce the price of this service compared to

other competitors, it is still an exclusive service for only a few.

Buyer persona

In this next step, after framing the audience with which the company works, it is expected to analyze, thanks

to the qualitative information gathered from the customer segments that are involved in the company’s

commercial activity, the possible patterns. In this way, it will be possible to define and establish the ideal

buyer persona, an imaginary profile of the potential buyer/customer in which it is intended to create a

realistic environment of what this person as a human being has in mind: all his concerns, desires, what he

values, his needs...

This will help to better understand how to improve communication between these segments and to be able

to assess both the positive and negative impact that the product is having on the customer. High-speed

travel services require a person with a wealthy pocket that a possibility could be framed by a middle age

entrepreneur who has a business well established yet or a person with a very important position in a leading

company. In this case, the choice has been made:
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Figure 8.1: Customer persona of a potential SpaceX’s point-to-point passenger. Template from [115].

Empathy map

After identifying in detail to whom the product or service will be addressed, it can proceed to describe all the

emotions and behaviors that the customer persona could experience in order to obtain the gains and pains

used by the company to potentiate its product in the value proposition. This is achieved by elaborating an

empathy map, where specific questions help to create the customer environment.
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Figure 8.2: Empathy map of a potential Starship customer. Template from [89] and [106].

8.1.2 Value proposition (VP)

The final objective of this block is to find the reason why the product that the studied company offers can

satisfy the needs and problems that the customer segment has, and, as a consequence, become the option

chosen by the customers in front of similar options offered by its competitors. The VP can be classified into

three categories (qualitative, quantitative, or game-changing) depending on what its use improves in their

audience. The high-speed point-to-point to-Earth vehicles, which are studied in this thesis, a product or

service that is a highly innovative technological product for which there is no active market for its services in

the current industry, which means that its possible entry into commerce could create a more pronounced

impact on the aerospace sector as it would imply a truly out-of-the-ordinary way of traveling. For this reason,

this concept belongs to the category of game-changing.

Having an updated study of the competitors will help to differentiate from their concepts, creating a unique

and different product (Unique Selling Proposition, USP) to finally create a winning value proposition (VP)

that makes the customer willing to pay for the product or service of this company in front of the competitors’

concepts. These objectives will be key for the proposition to stand out against others as well as to solve the

pains and create customer segment gains [114].

Value proposition CANVAS

The Value Proposition Canvas is a framework that can help ensure that a product or service is positioned

around what the customer values and needs [116]. This framework is divided into two building blocks that

focus on the two key components of this process: the customer profile, where their gains, pains, and customer
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jobs are taken into account; and the company’s value proposition, where the products and services offered

and the gain creators and pain relievers they can provide are framed. All this list of factors that affect

intermediaries must be able to fit between the two blocks in order to identify if there is a solution or a problem

that must be solved. In this case, the possible customer persona that in the future could be using this service

due to a set of characteristics that place him/her as a potential customer and that have been previously

defined in other sections in which, based on a hypothetical study of the possible reactions of the customer to

the product to be marketed, we have obtained the gains and pains that will be solved in this section.

Figure 8.3: Value Proposition Canvas of the Starship’s point-to-point service. Template from [89] and [117].

Value proposition statement

If one had to summarise the service offered in one sentence, it would be the following, where the strong points

of the SpaceX proposal can be identified:

Our spaceplane help(s) businessman/women who want to travel to long-distance destinations in a short

period of time by using a hypersonic fully reusable vehicle and cost-effective manufacturing (unlike) other

competitors’ prototypes.

8.1.3 Channels

The good use of information channels is an important and effective mechanism that companies use to attract

and communicate with potential customers interested in their product, since in the end, they are the reason

why the company produces its products with the established Value Proposition. That is why it is essential

that customers are aware of the existence of the company to avoid their choice may be directed towards other

similar alternatives from competitors. Once they are aware of the company’s activity, persuade them by

emphasizing all those features and benefits that make your market proposal the best, and remind them of
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the needs that lead them to buy and use your product.

To achieve these goals, the channels corresponding to the company have to be easily accessible and as

transparent and visible as possible so that the potential customer can access them quickly. These channels are

divided into two types: indirect channels, in which there are intermediaries between producers and customers;

and direct channels, in which producers and customers deal without hindrance or intermediaries between the

two.

• SpaceX’s website: The company has a detailed website with each of its services where you can

contact the sales team via email (sales@spacex.com). By having different lines of business in hand, the

communication varies a bit depending on the product commercialized, for example, the internet service

Starlink has more information at its disposal on the web with a support contact to solve issues and

doubts. The website also is used as a connection via email with potential suppliers, because although

their production is mainly in-house, the connection with local specialized suppliers is of great interest

to provide reliable, high-quality, and cost-effective products and services.

• SpaceX’s offices: For a more personal and direct approach, SpaceX has 9 offices across the United

States in Hawthorne, Brownsville, Cape Canaveral, Chantilly, Lompoc, McGregor, Redmond, and

Washington [118].

• SpaceX’s media: Its activity in social networks such as Youtube, Instagram, Twitter, Flickr or

Linkedin is quite active, as a lot of information about its latest advances and tests on its prototypes is

provided in them, being an important source of information, due to the great use of these networks

in current times, which serves to reach different groups of the population to make them aware of its

existence.

• SpaceX’s sales team: Most large corporations implement a sales team in charge of the last supply

chain process, where the product or service is commercialized. And when it comes to SpaceX sales,

a well-known name like Gwynne Shotwell comes into play. She is the current President and COO of

SpaceX and is therefore responsible for day-to-day operations and managing all strategic customer

relationships to promote the company’s growth. Her role in the company has been very significant since

the company’s inception, demonstrating the effectiveness of these salespeople in selling the products

[119].

8.1.4 Customer relationship

Companies establish a type of relationship with the customer with aspects that are in many cases quite

marked by the interests of the company. These relationships are premeditated following a series of actions to

finally connect with the customer and then keep him/her as a regular customer.

In the first place, every company is interested in continuing the relationship with the customer, but this

can only be achieved when the customer feels attracted by the offer that is being given. It is important to

consider this opinion of the customer so that the customer can connect with the offer and eventually continue

their relationship with the same company due to favorable experiences with the company. This will help the

63



8.1. VALUE-SIDE CHAPTER 8. BUSINESS MODEL CANVAS

company to grow as customers are one of the main sources of income and their loyalty and commitment to

the company by establishing a strict relationship with them helps to have more economic stability.

• Highly customized service: This first factor implies that the company has a very close relationship

with its customer and provides them with personal assistance as the contracts are excessively expensive

and the requirements set by its customers have to be met with a high level of liability.

• Long-term contracts: Other important terms for the company is to ensure engagement with its

customers by implementing solid contracts with long durability in order to guarantee stability in

the economy of the company that will lead to allowing to cut the cost substantially of the projects.

Throughout the company’s trajectory, the effectiveness of this relationship characteristic has been

verified as one of its largest customers, NASA, has been working with the company since its beginnings

supporting and allowing projects like Falcon 9 or Falcon Heavy to become a reality.

8.1.5 Revenue streams

The term Revenue Stream is referred to the value or price that will be established for the product or service

but taking into account the amount that customers are willing to pay for. In this section, the revenue streams

that SpaceX uses to get income are analyzed [114].

• Commercial Cargo and Crew Transportation to the ISS contracts: These two organizations

have a large history working together as they have previously been coopering in resupply missions to

the ISS, and, later, due to a successful crewed demonstration mission accomplished in 2020 by SpaceX’s

Dragon capsule series started the solid and usual business relationship between them as the Space

Shuttle program was retired and SpaceX replace it completing in 2022 fifth operation crew missions

to ISS. Its first deal of 6 astronaut launches contract valued at $2.6 billion was signed in 2014 and,

recently in 2022, extended their partnership through 2030 with a total of 14 new operational astronaut

mission contracts valued at around $5 billion, so these commercial contracts are a large and solid part

of its regular income [13].

• Licensing technology / SpaceX’s patents: For Elon Musk, patents are a blocking technique that is

designed to prevent others from innovating. SpaceX’s CEO is not really keen on their use as he thinks,

according to [120], that are for the weak, and, also declared that his spacecraft manufacturer does not

really patent things, so this recurrent revenue that can be acquired for using the innovative technology

created is not a large income in the company unlike in other competitors projects. It can be seen that

innovation leaders rarely need patents, nonetheless, the company has 143 patents globally, whereas

the 83% are active, mostly related to its Starlink service in the technology areas of Antenna (arrays,

actuator positioning system, multiband arrangements, radio wave transmission, and Wi-Fi Routers),

Design (antenna apparatus, networking device, and others), rocket engine cooling system, niobium

metal alloy, Space Exploration Vehicle (SEV), and others [121].

• Revenue per Launch: SpaceX owns Falcon 9 and Falcon Heavy rocket models in which commercial

launches are performed in most missions to put into orbit satellites. The revenue per launch has
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drastically been reduced during the years due to the reusable rocket technologies that position SpaceX

in a privileged position as for new or expendable launch, the Falcon 9 costs $62 million, and the Falcon

Heavy, $150 million, nonetheless, for a reusable launch, $50 million and $90 million are the costs,

respectively [106].

• Starlink internet service subscription: The latest active service that is expanding coverage still

until it is a global service, is Starlink. This high-speed internet service provides lower latency and

unlimited data that works as a subscription revenue stream with different packages offers: the Starlink

internet, which costs $110 per month with a $599 one-time equipment fee; the Starlink RV internet,

that costs $135 per month with the same price for the equipment; and the most expensive, the Starlink

Business, that costs $500 per month with a $2,500 one-time equipment fee. So when this service is

fully established will contribute to the company’s income with transaction revenue, for the fixed cost of

the necessary hardware equipment; and a recurrent revenue, for the subscription fee that the service

requires [122].

• Merchandising products: As the SpaceX brand is globally well-known, the company has some

merchandising products of projects developed that can be bought on the official shop section that has on

their website [123]. This is a very small transactional revenue compared to the other incomes analyzed.

• High-speed travel tickets: The future business that will provide another income for the SpaceX

company when their model Starship becomes operative, will be the tickets that each wealthy passenger

will spend for a ride in this spacecraft. In November 2019, Elon Musk at the first U.S. Air Force Space

Pitch predicted that the price tag for each Starship mission would be very small, around $2 million,

if everything goes according to the plan and any issues delays or makes the project more expensive.

At that time, also it was estimated that the big spaceship-rocket would use only $900,000 worth of

propellant per launch to get off Earth and into orbit.

The fixed price that will cost the usage of this service which will have a 100-passenger capacity is

still unknown, although some individuals have bought a ticket already. In another source [124], is

estimated a cost of 200 dollars/kg for a payload to travel in Starship, even though, if SpaceX is the first

organization to achieve an operative rapid point-to-point service, could have the authority to set prices

to maximize the profits over the competitors that will exist later [125].

• Lunar missions contracts: NASA has selected SpaceX to develop and built a variant of the spacecraft

Starship capable of landing the next generation of American astronauts on the Moon under the Artemis

III. The mission would first launch an uncrewed mission demonstration to the Lunar surface prior

to the following crewed missions Artemis III, expected potentially as early as 2024, and Artemis IV,

expected in 2027.

SpaceX has received two contracts: Option A, a contract established in April 2021 valued at $2.89

billion for the development of a crewed lunar lander and two lunar demonstration flights earlier than

2024; and Option B, a contract established in March 2022 valued at $1.15 billion for the development

of a second-generation of the Starship HLS design with sustainable requirements to launch another
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demonstration mission under the Artemis IV program [126] [127].

8.2 Cost-side

8.2.1 Key Partners

Key Partners are all those stakeholders necessary for the Business Model to be established in the most

optimized way. With their help, all those risks that would prevent a successful business can be reduced and,

in addition, they give access to the Key Resources that have been defined, allowing a better fluidity in the

company. Although all of these relationships are in some way beneficial to the company, they can be classified

into different types according to their purpose.

These types of partnerships correspond to strategic alliances (complement to add value), coopetition (competi-

tors’ collaboration), joint ventures (joining complementary products), and buyer-supplier relationships[114].

• Governmental organizations: Big long contracts received that provide a great amount of money to

develop the company’s prototypes that will serve the governmental missions.

• Space Agencies: Strategic alliance in which the company can obtain access to new space technology

knowledge, and the legislative process becomes easier and more accessible.

• Suppliers: The company works with only a few suppliers who provide some of the spacecraft hardware

parts, as SpaceX is self-sufficient in most of the processes it undertakes, as it builds most of its parts

in-house to avoid having to rely on external suppliers.

• Funding partners: Great amount of capital collected in funding rounds that help the company

financially.

• Universities: Strategic alliance collaboration that provides knowledge to the company innovative

technologies by working with expert students and professionals.

• Private companies: The collaboration with these entities that are also involved in the space market

is coopetition partnership, which means collaboration between the companies merging their knowledge

and capabilities to hopefully extract beneficial results that in SpaceX’s case would be the advanced

space technologies development. SpaceX has been working mutually with companies such as Boeing, for

reusable spacecraft technologies, or Maxar Technologies and Thales Alenia Space, for communication

and navigation technologies.

8.2.2 Key Activities

Key Activities are all the activities in a business value chain that delivers value to the customer by taking

advantage of the resources available in supply to produce the final product.

• Research&Development (R&D): Generation of new knowledge useful to create new technology,

product, or service.
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• Manufacturing rockets, spacecraft, and satellites: Production of the models that have been

studied in their own facilities.

• Launch missions: Launching of their own rockets or spacecraft in commercial missions or for testing

of new prototypes.

• Recovery systems: The implementation of recovery systems such as the Landing Zone or Droneships,

helps to safely land the rocket stages for later reflights.

• Rocket engines: Design and manufacture of their own rocket engine models such as Raptor, Merlin...

• Marketing: The company is well-known for its good global awareness, and this is mostly achieved

thanks to its marketing and commercial teams that use strategic mechanisms to reach all sectors of

society.

8.2.3 Key Resources

Key Resources are the essential assets that create and deliver the Value Proposition [128].

• Manufacturing and launching facilities: One of the most valuable physical tangible resources that

the company owns is its facilities. The company has 6 build and launch facilities distributed all over

the U.S.: the building facility in Hawthorne, California; the testing facility in McGregor, Texas; the

Space Force Station launch complex 40 in Cape Canaveral, Florida; the Kennedy Space Center launch

complex 39A in Florida; the Vandenberg Air Force Base space launch complex 4 East in California;

and the Starbase in Boca Chica, Texas [60].

• Reusable rocket technology: Another factor that helps to add value to its product is the innovative

technologies that SpaceX is implementing in the field of reusability. This brings a unique feature to

its product as it is designing its latest Starship rocket to be fully reusable, i.e. its two stages can be

recovered and can be used for more than one launch. The technology of reusable rockets has already

been used in its Falcon 9 models, reducing the cost of its missions by 10%, which could increase if it

finally achieves the total reusability of its models, apart from the environmental benefits. This is an

intangible resource of technology.

• In-house development and manufacturing: By controlling most of the processes required to launch

a vehicle a physical tangible resource is achieved as the company has the capacity to be in charge of the

possible changes that could occur in the production phase, and that, by depending on a large number

of suppliers, the company would not have this technology flexibility that facilitates all the necessary

interactions to solve the issues.

• Customer retention: Regular customers such as the NASA organization have trusted on several

occasions the SpaceX rockets and spacecraft to conduct their missions that have been performed with

exit. This increases customer loyalty, and in this case, the company’s reputation with the government

being classified as an intangible resource of reputation.
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• SpaceX’s Offices: The acquisition of different offices distributed all over the United States country is

a physical tangible resource that allows some SpaceX’s teams such as the administration or sales teams

to have a workplace, and moreover, allows to have a property building where the customers can have

personal assistance for their future projects with the company.

• Human expertise resources: The large company’s history in this market has allowed it to hire a

set of qualified experts in its fields that have the sufficient training, experience, and adaptability to

accomplish this high-level projects that require in-depth study and knowledge in advanced technology

concepts and sales strategies to develop systems, space technologies or mechanisms to finally achieve

the milestone goal established. This worker’s staff is a resource that could be classified as an intangible

resource of technology for the technical and scientific employees that the company has in its workforce,

but also could be categorized as a human resource.

• SpaceX brand equity: An important advantage for the company is its intangible resource of good

reputation which has a positive impact on the government market and a high public awareness. The

large and successful experience in the Space Transportation business facilitates the relationships that

can exist between these groups and is an asset in their future choices and decisions.

• Patents: As it was established before, the company has a few active patents mainly dedicated to

the technologies of their Starlink service but that is an intangible resource of technology for SpaceX,

although is not the most valuable resource for them.

8.2.4 Cost Structure

The space exploration sector involves high outcomes due to the complexity of this market with its innovative

technologies and the numerous tests and prototypes that must be produced to obtain a totally reliable and

safe result. Although SpaceX is a company known for dedicating much of its efforts to lowering the cost of

this exclusive service for the few, there are some costs that still exist to carry it out. In this section, all the

elements involved in the company’s economic costs are included.

• Selling, General, and Administrative (SG&A): All the expenses that involve running a business

not included in the production part: salaries (fix), distribution cost, advertising and marketing expenses

(variable), and rent (semi-variable) [129].

– Employees salaries: Employee salaries are one of the most influential costs in the company, as

SpaceX’s huge workforce of 12,000 employees means that a significant portion of the company’s

money is spent on the people who drive the projects forward. In addition, there must be a wage

differential between workers according to the complexity of their tasks, as many of their projects

require highly experienced and expert people, which increases their salaries.

– Advertising and marketing: Expenses related to all the activities and people costs involved in

the promotion of the product/service).

• R&D: The research and development phase of new space transportation technologies has an impact
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on the company’s costs as it is a phase in which large resources of experts in the field must be used

to develop these innovative technologies that have not yet been invented in many cases. It is a quite

important phase that takes a significant part of the company’s capital, according to [cnbrd], Elon

Musk expects to allocate $2 billion in the development of the Starship rocket in 2023.

• Cost of rockets, spacecraft, and satellites: The company’s largest cost comes from all the processes

necessary to launch the company’s rockets and spacecraft. And it is that a new product model, before

its commercialization, goes through a construction and production phase that entails making more than

one prototype, and a test phase in which they do not always work. properly and can end up totally

destroyed with no option of being reused to save costs.

• Hardware infrastructure: Cost of the hardware components that the company acquires from external

suppliers.

After developing each section of the business model in detail, all this information can be grouped in a canvas

that helps to get a first impression of the concepts that give value to the company and the product offered.

8.3 Business Model CANVAS

After developing each section of the business model in detail, all this information can be grouped in a canvas

that helps to get a first impression of the concepts that give value to the company and the product offered.

Figure 8.4: Business model CANVAS of the high-speed service of Starship. Template from [89].
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Risk Analysis

9.1 Risk identification & assessment

The analysis of risks and opportunities is essential in order to identify those events or conditions that may

result in a negative or positive way, and that it is in the company’s interest to deal with in order to obtain the

best outcome from them [130]. The first step that is required is the identification of them in order to be able

to evaluate with an established scale, the scale from[131] in this case, the degree of impact and probability

that they could have on the project.

9.1.1 Definition of Probability and Impact

Code

of the risk
Type

Risk

identification

Definition

of the risk

Probability (%)

/ Impact
Score

1 Economical Risk

1.1 Risk
Starship

delays

Starship delays due to environmental sues

could harm the company financially because

of inability to launch v.2 satellites (Starlink)

40 / 3 1.20

1.2 Risk
Lawsuit

consequences

Losing the lawsuit would cause

the company to substantially reduce

investment in its Starbase facilities

50 / 4 2.00

1.3 Opportunity

Lunar

mission

contract

Major NASA contract worth up to $4.2 billion,

to send astronauts to the moon with Starship
80 / 4 3.20

1.4 Opportunity

Wealthy

passenger

contracts

Individual customer millionaire contracts for

wealthy individuals: Jared Isaacman,

Yusaku Maezawa and Dennis Tito

100 / 4 4.00

1.5 Opportunity
Reduction

costs

Starship is estimated to operate 10x cheaper

than competitors
90 / 5 4.50

1.6 Opportunity
SpaceX’s

valuation

SpaceX is more valuable than most public

market aerospace companies, valued at $137B
80 / 4 3.20
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1.7 Opportunity

Private

company

status

Repeated test launches are possible

due to the status as a private company

and a great amounts of private funding

80 / 5 4.00

1.8 Opportunity

CEO’s

economical

status

Starship test are launched with the CEO’s

money, that allows to take more risk

not depending on NASA’s budget

15 / 3 0.45

2 Legal Risk

2.1 Opportunity

U.S. government

good

relationship

Have been working for government

organizations for a long time, e

stablishing a good relationship that

facilitates tramits

90 / 4 3.60

2.2 Risk

Strict

environmental

requierments

Environmental groups sued the

FAA for Starship’s test, which will

tighten the environmental measures

required and delay the approval

to carry out more tests.

75 / 4 3.00

3 Technical Risk

3.1 Risk
Incompatibilities

with capacity

This giant rocket is not useful for

small/medium telecommunication

companies that want to put into orbit

their small products

25 / 2 0.50

3.2 Risk

Propulsion

system

complexity

Could happen a potential delay in

development due to vehicle propulsion

system complexity (according to NASA).

The model has to meet NASA’s goal for a

crewed lunar mission in 2024.

85 / 5 4.25

3.3 Risk

Numerous

complex

operations

Requires numerous, highly

complex launch, rendezvous

and fueling operations

90 / 2 1.80

3.4 Opportunity
Huge

capacity

Can carry some 100 tons of material

into space being the world’s most powerful

launch vehicle ever developed

55 / 2 1.10

3.5 Opportunity
Beneficial

test data

The failure of the tests still is beneficial

to obtain valuable data to improve
60 / 1 0.60

3.6 Opportunity

Good

performance

in ISS

Cargo missions

Company with positive performance

trends in the areas of rendezvous

and proximity operations in

ISS cargo missions.

85 / 4 3.40

4 Operational Risk

4.1 Risk
Schedule

delays

Previous projects as Crew Dragon

and Falcon Heavy development

has experienced considerable

schedule delays

30 / 1 0.30
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4.2 Risk
Experience

in the sections

For each field of study that add to

their facilities, they have to take into

account the time it will take to gain

sufficient experience.

70 / 3 2.10

4.3 Opportunity
Vertical

integration

SpaceX is a vertically integrated

company that develops and manufactures

the majority of its product’s parts

in-house avoiding the risks of

relying on secondary supply companies

90 / 3 2.70

4.4 Opportunity

Fault

management

experience

Successful experience in fault

management, berthing, and mission

operations with the ISS cargo missions

70 / 1 0.70

4.5 Opportunity
Reduce

schedule

The quick pace of testing planned

by SpaceX allows to mature critical

technologies and reduce schedule and

technical risks

40 / 3 1.20

4.6 Opportunity
Parallel

development

Parallel development of the Starship

lunar variant, the Starship-derived

refueling and propellant storage

freighters, and the Super Heavy booster.

70 / 2 1.40

5 Social Risk

5.1 Risk
Social

disagreements

Several environmental groups and

neighbours close to their facilities

disagree with their activity because

of its impact on their area

20 / 2 0.40

5.2 Opportunity
Flight system

demostration

Prioritizes early and numerous ground

and flight system demonstration

which enhances the credibility

and security of the project

65 / 3 1.95

5.3 Risk
NASA’s

requirements

Meets or exceed all of NASA’s

threshold requirements
80 / 1 0.80

5.4 Opportunity
Successful

track record

The company’s long and successful

track record in the sector helps to boost

public confidence in the new project.

60 / 3 1.80

5.5 Opportunity

New space

technologies

exploration

It encourages the exploration of

new space technologies that help

the space transportation market to flourish

80 / 5 4.00

6 Environmental Risk

6.1 Opportunity Reusability Fully-reusable launch vehicles 50 / 4 2.00

6.2 Opportunity
Solar

energy

Future use of solar energy

in order to create fuel on Mars
20 / 5 1.00

6.3 Risk
Acoustic

issues

Acoustic contamination due to

the boom sonic produced flying at high-speed
75 / 4 3.00
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6.4 Opportunity
Recovery

systems

Recovery systems like Droneships

or Landing Zones used to land safelity

the rockets and spacecrafts

parts for reflight purposes.

90 / 3 2.70

6.5 Risk
Protected

area damages

Damage caused by the Starship test

flight in the vicinity of the

Starbase which is a protected area.

85 / 3 2.55

6.6 Opportunity
Carbon

neutral engines

Development of Methane powered

Raptor engines that are carbon neutral.
65 / 2 1.30

7 Political/Regulatory Risk

7.1 Risk
International

regulations

Destinations of rapid point-to-point

travel will involve dealing with

the laws of more than one country.

100 / 3 3.00

7.2 Risk
Area

restrictions

Flight restrictions over populated

land due to enormous noise pollution.
70 / 4 2.80

Table 9.1: Identification and assessment of the potential risks and opportunities of Starship.

9.1.2 Risk Matrix

Once assessed, their scores are distributed in a risk matrix where it can be seen whether the range of risks

and opportunities are controllable or whether measures have to be implemented to enhance or reduce them.

In this case it can be seen that SpaceX currently has some severe risks and some minor opportunities that if

left unaddressed could have a dangerous impact on the company or a missed opportunity to improve the

project, respectively.

Threats Opportunities

Impact → 1 2 3 4 5 5 4 3 2 1

Probability ↓ Negligible Minor Moderate Significant Severe Major Serious Substantial Moderate Minor

(81-100)% 1.80 2.55 4.25 4.5 4.00 2.70

(61-80)% 0.80 2.10 3.00 4.00 3.20 1.95 1.40 0.7

(41-60)% 2.00 2.00 1.80 1.10 0.6

(21-40)% 0.30 0.50 1.20 1.20

(1-20)% 0.40 1.00 0.45

Table 9.2: Risk matrix of the threats and opportunities of Starship.
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9.2 Risk response & re-assessment

9.2.1 Risk response

To prevent this from happening, a specific response is applied to each concept in order to improve the outcome:

a controlled threat can become less damaging, and a well-exploited opportunity can enhance the project on a

large scale. Once the measure has been established, it is re-evaluated in order to assess whether the response

has been effective.

Code of the risk Risk identification Response Impact Probability New score

1.1 Starship delays Mitigation 1 0.40 0.40

1.2 Lawsuit consequences Acceptance 4 0.50 2.00

1.3 Lunar mission contract Exploit 4 0.80 3.20

1.4 Wealthy passenger contracts Exploit 4 1.00 4.00

1.5 Reduction costs Enhance 5 1.00 5.00

1.6 SpaceX’s valuation Share 4 0.90 3.60

1.7 Private company status Share 5 0.90 4.50

1.8 CEO’s economical status Exploit 3 0.15 0.45

2.1 U.S. goverment good relationship Exploit 4 0.90 3.60

2.2 Strict environmental requierments Avoidance 2 0.60 1.20

3.1 Incompatibilities with capacity Transfer 1 0.25 0.25

3.2 Propulsion system commplexity Transfer 3 0.70 2.10

3.3 Numerous complex operations Transfer 2 0.70 1.40

3.4 Huge capacity Exploit 4 0.60 2.40

3.5 Beneficial test data Enhance 3 0.60 1.80

3.6 Good performance in ISS Cargo missions Exploit 4 0.85 3.40

4.1 Schedule delays Mitigation 1 0.15 0.15

4.2 Experience in the sections Acceptance 3 0.70 2.10

4.3 Vertical integration Exploit 3 0.90 2.70

4.4 Fault management experience Acceptance 1 0.70 0.70

4.5 Reduce schedule Enhance 4 0.50 2.00

4.6 Parallel development Acceptance 2 0.70 1.40

5.1 Social disagreements Mitigation 1 0.20 0.20

5.2 Flight system demostration Share 3 0.75 2.25

5.3 NASA’s requirements Avoidance 1 0.65 0.65

5.4 Successful track record Exploit 3 0.60 1.80

5.5 New space technologies exploration Share 5 0.90 4.50

6.1 Reusability Exploit 4 0.50 2.00

6.2 Solar energy Enhance 5 0.50 2.50

6.3 Acoustic issues Mitigation 3 0.60 1.80

6.4 Recovery systems Exploit 3 0.90 2.70

6.5 Protected area damages Mitigation 2 0.55 1.1
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6.6 Carbon neutral engines Enhance 4 0.65 2.60

7.1 International regulations Mitigation 2 0.70 1.40

7.2 Area restrictions Mitigation 3 0.60 1.80

Table 9.3: Response and re-assessment of the risks and opportunities of Starship

9.2.2 Risk matrix: re-assessment

Once reassessed, the risk matrix is re-created with the new notes in order to identify if there are still some

sensitive points or if all the concepts have been solved.

In this case, when evaluating the threats and opportunities with the possible response applied, it can be

seen that the threats have moved toward the zone of a minor impact, thus reducing their danger; and the

opportunities have moved toward the zone of a major impact, increasing their potential for positive results.

Therefore, the method applied has been effective in controlling all these events that arise in a project and

which must be correctly monitored to ensure the best possible future.

Threats Opportunities

Impact → 1 2 3 4 5 5 4 3 2 1

Probability ↓ Negligible Minor Moderate Significant Severe Major Serious Substantial Moderate Minor

(81-100)% 5.00 4.00 2.70

(61-80)|% 0.65 1.40 2.10 3.20 2.25 1.40 0.70

(41-60)% 1.20 1.80 2.00 2.50 2.40 1.80

(21-40)% 0.40

(1-20)% 0.20 0.45

Table 9.4: Risk matrix for the re-assessment threats and opportunities of Starship
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Environmental Study

Every project that affects needs to be regulated. The Federal Aviation Administration (FAA) regulates the

projects in the United States, and consequently the Starship/Super Heavy Launch Vehicle project at Starbase

in Boca Chica (Cameron Country, Texas). Before a project is eligible for testing, the relevant regulatory

organization must approve a Final Programmatic Environmental Assessment (PEA). This document lists

all the possible environmental fields that could be affected by the project under study and provide, for

subsequent implementation, a measure or solution that the company will have to comply with to ensure that

everything is in order. This section includes all the environmental fields regulated in the PEA.

Some environmental activists are in disagreement with the activity that the company is undertaking.

Furthermore, they claim that the measures put in place be strengthened to enhance proper environmental

preservation before the following test of the mega-rocket.[132] [133] [134] [135]

Figure 10.1: Map of the protected area around SpaceX’s facilities, on the left, and Debris from the last test
flight, on the right. Extracted from [136] and [107]
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Topic
Environmental

consequences

Mitigation and

Monitoring
Impact

Air

Quality

Significant if the pollutant

concentrations from

construction, pre-launch

and launch operations,

occasional operation of

generators, and ground

vehicles, exceed EPA’s

standard emissions

Periodic water spraying,

fugitive dust, minimal

idling of engines, use

of low volatility coatings,

compliance of Oil and

Gas Standard Permit.

Minimal. High-priority

pollutant emissions

of the last test

flight evaluated under

the Clean Air Act, are

associated with pulmonary

and respiratory issues.

Climate

Mobile source fuel combustion

(construction and operations)

generates GHG emissions

from construction equipment,

launch, reentry/landing,

and test operations

None significance

threshold established
Minimal

Noise and

Noise-compatible

land use

Launch noise and sonic

boom produced in

construction, static fire

engine tests, and launch

(takeoff) noise operation.

Significant exposure

could impact the properties

and the wildlife areas

affecting human hearing

by noise-induced

hearing loss

Noise energy exposure

of individuals is

determined by

adjusting the number

of events occurring, the

period of night/day

occurring, and the

timeframe for the

noise events. Moreover,

to follow a

notification plan for

public awareness

In April 2023, a static

test fire of Starship,

with just 50% of

total thrust, exceeded

the noise impact levels

at 110dB measured in

3 miles away from

the source

Visual

Effects

Visual impacts to the

landscape caused by

the glare from the

proposed infrastructure

and Starship/Super Heavy

launch vehicles at the

launch site, and light

emissions during

the nighttime launch

and testing operations

To minimize visual

effects by

implementing the

Facility Design,

Management Lighting,

and Monitoring

Lighting Plans of

the Launch Site

Not significant if

measures are implemented

Cultural

Resources

Possible historic building

affectations due to visual,

auditory, or vibration/sonic

boom effects; potential

oversaturated visits in

that area due to SpaceX’s

presence; and potential

effects caused by the

anomaly debris produced

To implement Section

106 PA measures such

as documenting the

landscape, funding

educational outreach and

historic interpretative signs,

installing utility lines,

implementing noise level

reduction meadures,

conducting a vibration

monitoring program...

The test flight and explosion

have caused several

affectations in Port Isabel

such as broken windows

in the businesses buildings,

shaken windows at

their homes, and dust

that coated homes, schools,

and land. The particulate matter

scale of dangerouse is unknown

and could affect their health

Department of

Transportation

Act Section 4(f)

Closure of Section 4(f)

properties for safety and

security during the

temporary, intermittent

impact in launch activities

To notify the local

authorities in case of

an anomaly, a supply

restoration measures,

perform notifications

following a Closure

Notification

Plan, and others

Roads damaged after the

explosion made it impossible

for wildlife biologists and

other researchers to pass

through in order to evaluate

the scale of damage in

the protected area
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Table 10.1 continued from previous page

Water

Resources

Significant if actions

exceed water quality

standrads, contaminate

public water supply

that would affect

public health, cause

adverse on natural and

beneficial water resouces

To implement the Spill

Prevention, Control, and

Countermeasures (SPCC)

Plan, the Clean

Water Act (CWA),

sampling protocols,

water treatment and

retention, and others

From the explosion,

concrete chunks shot

out into the ocean

Biological

Resources

Affectation in the terrestrial

habitats and wildlife

due to construction and

cleaning activities could

cause loss of vegetation

and negative reactions

from wildlife species

To implement construction

and operational measures

such as limiting vehicle

operation, implementing raptor

protection measures, making

an annual contribution

to specific programs,

and collaborating with

associations

SpaceX’s last explosion

effects of noise and

heavier debris could

have affected the

National Wildlife Refuge

lands, which are the home

of several protected species

Coastal

Resources

Problems if landing

and recovery activities

disturb intertidal areas,

salt marshes, estuaries,

or coral reefs

Non solutions

proposed in the PEA

SpaceX’s orbital pad is 500

feet away from ecologically

sensitive low tidal flats.

Land

Use

Use of a limited 500

hours per year of the

Boca Chica Launch

Site without defrauding

any local land use

or zoning ordinances

To notify and coordinate

with oil and gas operators

before every launch

and landing

Not significant if measures

are implemented. The last

test left a giant crater

underneath from the

launch of the Starship/

Super Heavy rocket

Hazardous

Materials,

Solid Waste,

and Pollution

Prevention

Used during construction

and operations with

the implementation

of Anomaly Response

Plan and the SPCC

To correct take action

with the proper measures

during an anomaly, implements

the appropriate procedures

correct collection, storage,

and disposal of certain

substances and materials,

and others.

The launchpad explosion

debris rained down on the

habitat and on residents

of Port Isabel, about 6

miles away, and South

Padre Island. Moreover,

the adjacent fuel storage

tanks were at risk of

being hit by this explosion

Natural

Resources

and Energy

Supply

Problems if the use

of their own propellants

may adversely impact

the local supply, and

the large number of

water required exceeds

Non solutions

proposed in the PEA
Not significant

Socioeconomics

Environmental

Justice, and

Children’s

Environmental

Health and

Safety Risks

SpaceX location has

no children in the

residential area

near the facilities, the

local residents participate

in the project, and is

increasing employment

in the area

Non solutions

proposed in the PEA
Not significant

Table 10.1: Description of the environmental consequences, their respective measures of mitigation, and the
impact of the project in each field.
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Conclusions

In conclusion, the objectives set for this thesis to carry out a business model study of the Starship project,

an environmental study, and a risk analysis to evaluate the benefits and applications of high-speed passenger

transport, have been developed and successfully achieved in the time period established in the task planning

and time schedule for the development of the thesis, set out in the Schedule chapter.

Firstly, in the State of Art section, a study of the existing market for this concept has been carried out

in order to evaluate the state of SpaceX’s proposal compared to other active projects, and the differences

or key points that exist between them. Having a well-defined market of competitors helps to assess the

degree of importance of the company’s value proposition compared to other competitors’ proposals. Also, by

incorporating retired models that have already entered the market, it is possible to extract all the drawbacks

that were a problem for these models, with the intention of being able to identify whether they have been

solved or minimized in the new proposal established by SpaceX.

Next, a Case Study of the company SpaceX has been carried out in which different information from different

fields of the company has been collected in order to have a better understanding of the company. This

chapter has been useful to frame the current activity of the company by first introducing its history with its

most important milestones, and then starting to analyze each field that makes the company so particular in

the way it works to carry out its projects, as it has some key points: its way of acquiring capital, its way

of manufacturing and launching its models, and its own model designs. For the economy of the company

part, SpaceX has the backing of the large amount of private funding that has been collected, and also 3

well-established businesses (Dragon capsules, Falcon series, and Starlink service) that bring revenue to the

company and would add to the current developing Starship business. This values the company at a $137B,

which is very beneficial in terms of being able to realize projects with a margin of operations and having

great partnerships with large firms that facilitate its operations in the expensive space market. Another key

point is the operations of the company, his model of development and manufacturing of his projects is also

quite particular as his parts are mostly built in-house. This gives SpaceX more power over its idea as the

company knows most of its processes and is not so strictly dependent on suppliers. And finally, SpaceX’s
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high-speed vehicle concept has unique characteristics that place it favorably on the market as a huge capacity

(100 tons of material), fully-reusable vehicle, and sustainable fuel.

The last part of the work consists of the sections where all the information obtained is evaluated. Firstly, a

visual map of the Starship service has been created using a CANVAS business model. In this model, all the

factors that make the value proposition created for Starship a reality can be observed in a clear and concise

way. As it has been proven, SpaceX has a very characteristic way of operating all its projects and it will

not be different in this new market line. Starship can serve many different sectors and configurations, with

the high-speed transport service being the one studied in this thesis. Its market will most likely start with

a focus on large corporations that want to perform interplanetary missions using the spacecraft and bring

in high-value contracts, which will accelerate the development process of this model. However, when the

spacecraft is fully operational, the point-to-point service for people could become a reality.

Finally, two key areas have been analyzed to assess the impact of the project: the environmental study and

the risk analysis. In the environmental study, some not very favorable conclusions have been reached, and

although SpaceX has some control methods and the FAA has established some requirements for the company,

it has been verified that they have not been sufficient in its last flight test. On the other hand, in the risk

analysis, it has been possible to analyze a series of risks and opportunities that affect different sectors of

the project and that if they are dealt with correctly, their impact on the company can be minimized or

maximized, respectively.

As recommendations, I believe that SpaceX has a very high power in the space market and this is a very

favorable point when it comes to carrying out projects such as the one studied. The company has great

potential and knows how to manage it in order to develop new space technologies that will be an advantage

for all mankind but that mainly give value to their project. However, there are some improvements that

should be implemented, as in the case of environmental measures. Every space project has a very high impact

on the Earth and that is why the requirements should be quite strict in order to best preserve the planet.

A detailed plan should also be put in place to address potential risks and opportunities with an effective

response that maximizes the value of the project and avoids potential hazards that could occur.
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2. ROSA. Crecimiento y pronósticos de la aviación comercial 2020-2038 [One Air] [online]. 2022-11-23.

[visited on 2023-03-14]. Available from: https://www.oneair.es/aviacion-comercial/.

3. monday.com — Una nueva forma de trabajar [monday.com] [online]. [visited on 2023-03-16]. Available

from: https://monday.com.

4. HORACK, John M. What’s a suborbital flight? An aerospace engineer explains [The Conversation]

[online]. 2021-07-09. [visited on 2023-03-13]. Available from: http://theconversation.com/whats-a-

suborbital-flight-an-aerospace-engineer-explains-164279.

5. Spaceports of the World [online]. [visited on 2023-06-17]. Available from: https://www.researchgate.

net/publication/332211453_Spaceports_of_the_World/figures?lo=1.

6. spaceplane [online]. 2023-05-10. [visited on 2023-03-13]. Available from: https : / / dictionary .

cambridge.org/es/diccionario/ingles/spaceplane.

7. STOL airplane — Britannica [online]. [visited on 2023-03-13]. Available from: https : / / www .

britannica.com/technology/Concorde.
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