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Abstract

The spacecraft industry is advancing and growing faster than before. According to the
Space Foundation, the space economy grew at the fastest annual rate last year since 2014 [1]. So
far, in comparison to unmanned missions, fewer manned missions have been launched. Past
space missions have shown that manned and unmanned missions both have certain advantages
and disadvantages which must be considered so future space missions can be carried out more
efficiently and effectively. First, future unmanned space missions, such as the Europa Clipper
and Artemis I missions were studied to learn how they will be conducted successfully. Then,
future manned space missions, such as the Artemis II mission and the launch of SpaceX’s
Starship spacecraft to the moon and mars, were researched to determine how they will be
executed successfully. Lastly, the advantages and disadvantages of manned missions in
comparison to unmanned missions were considered, where it was found that manned missions
are 20% more successful than unmanned missions but that unmanned missions tend to cost less
than manned missions. This research highlights that manned missions allow astronauts to
conduct experiments and create new solutions to problems that arise but can also be risky and
costly. On the other hand, unmanned missions don’t endanger human lives, are less costly, and
can reach farther planets with harsh conditions that humans can’t survive in. Accordingly, the
cons of unmanned missions are the opposite of the pros of manned missions and the cons of
manned missions are the opposite of the pros of unmanned missions. Overall, this work
concludes that a combination of manned and unmanned missions need to be carried out in future
space missions to make space exploration as safe, successful, and informative as possible.
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Terminology Index

(Terminology is in order throughout the research paper)

● MEGA → Mars-Earth Gravity Assist
● REASON → Radar for Europa Assessment and Sounding: Ocean to Near-surface
● EIS → Europa Imaging System
● PIMS → Plasma Instrument for Magnetic Sounding
● E-THEMIS → Europa Thermal Emission Imaging System
● Europa-UVS → Europa Ultraviolet Spectrograph
● SLS → Space Launch System
● SRB → Solid rocket booster
● ICPS → Interim cryogenic propulsion stage
● TLI → Trans-lunar injection
● TDRS → Tracking and Data Relay Satellite
● DSN → Deep Space Network
● RPF → Return powered flyby
● RTC → Return trajectory correction
● OCSS → Orion Crew Survival System
● FAA → Federal Aviation Administration
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Introduction

“At bottom, robotics is about us. It is the discipline of emulating our lives, of
wondering how we work” ~ Rod Grupen. When robotics was introduced to society, the idea of
robots taking on human roles fascinated us, but some opposed that idea and still do. As
technology continues to advance, the debate about robots vs. humans will become more
prominent. This debate is currently an issue that is being discussed during space exploration.
While aerospace engineers continue to create spacecraft for space exploration, a notable question
forms: Which type of space exploration has a lower cost, lower risk, and the highest
effectiveness for certain space missions: unmanned or manned?

Debates about whether mankind should conduct unmanned or manned space exploration
dates back to the 1950’s when “the space age began” [2]. The Soviet Union launched the first
spacecraft, an unmanned spacecraft, named the Sputnik 1, on October 4, 1957 [3]. Since the
Sputnik 1 was unmanned, the technology was easier to develop. Sputnik 1 obtained data on the
density of the upper layers of the atmosphere and the propagation of radio signals in the
ionosphere. For the first time, Sputnik 1 was also able to detect meteoroids all without the help
of astronauts. Sputnik 1 gathered considerable data before it decayed 92 days after it launched,
showing that unmanned missions could be very useful [4]. In contrast, there have also been
failed unmanned missions. For example, the Phobos Grunt mission which was launched by
Russia in 2012 crashed into the Pacific Ocean before it could complete its task of collecting
rocks from Mars’ biggest moon [5]. The spacecraft crashed because it burned up when
re-entering the Earth’s atmosphere [6]. As a result, at that time countries who used Russian
rockets to launch their satellites began to question the success of unmanned missions in Russia’s
highly esteemed space industry [5].

Similarly, there have been successful and unsuccessful manned missions. On January 28,
1986, seven astronauts were sent into space on the space shuttle Challenger. Apparently, the cold
temperature during launch time caused the O-ring seal in one of the solid-fuel rockets to not
respond correctly [7]. As a result, all seven astronauts died. This disaster raised questions in the
U.S. about whether sending people into space is worth the risk and expenses [2]. On the other
hand, the Apollo 11 mission can show otherwise. Even though some people opposed the Apollo
program because the American economy was not doing well, American astronauts obtained a lot
more important scientific data than the Russians who could only gather information from photos
of the moon taken by an unmanned spacecraft [2]. For example, the American astronauts
conducted experiments on the moon, gathered samples of materials on the surface of the moon,
and photographed the moon in more detail [8]. In addition, astronauts in the Apollo 11 mission
retrieved and repaired satellites—which machines can’t do [2].
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Unmanned Missions

Europa Clipper
As space missions become more advanced and ambitious, new pros and cons arise

between unmanned and manned space missions. To predict the pros and cons of future space
missions, it is important to understand how each one operates. NASA is currently working on a
spacecraft named the Europa Clipper to conduct about 50 fly-bys of Europa, one of Jupiter’s
moons, to collect data without any astronauts on board. The spacecraft will launch in 2024 and
reach Jupiter in 2030 [9]. The cost of the Europa Clipper mission is about $5 billion [10]. NASA
wants to explore Europa because it has evidence of having an ocean beneath its crust. If Europa's
ocean is salty and has a rocky sea floor at the bottom, there are chemical reactions that could take
place between the ocean and the rocks to create chemical nutrients and materials rich in
hydrogen that can power the life processes of simple organisms. Once enough information is
gathered, NASA will determine whether Europa is habitable for microbial life [11]. The
spacecraft will follow a Mars-Earth Gravity Assist (MEGA) trajectory and travel for about five
and a half years before arriving at Jupiter [9]. A MEGA trajectory uses gravity assist fly-by
techniques to increase or decrease the energy of a spacecraft’s orbit by adding or subtracting
from the spacecraft’s momentum when flying by Earth and Mars [12]. The spacecraft will then
orbit around Jupiter and approach Europa at low altitudes, 16 miles, and scan almost the entire
moon.

Figure 1: Timeline and path of the Europa Clipper [9]
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The Europa Clipper will be NASA’s largest spacecraft that’s designed for a planetary
mission. The spacecraft will have large solar arrays which are needed to collect light which can
be converted into energy. This energy will then be used to keep the spacecraft in orbit around
Jupiter [9]. The Europa Clipper also has a large array of radar antennas called the Radar for
Europa Assessment and Sounding: Ocean to Near-surface. REASON will use radio waves to
detect objects from far away by transmitting signals. REASON can help search for Europa’s
ocean or any signs of plume activity in Europa’s ionosphere which provides information about
the planet’s magnetic field. It can also study the internal structure of the ice, composition,
topography, and roughness of Europa’s surface [13]. In addition, the spacecraft’s payload and
other electronics will be in a titanium and aluminum vault to protect them from Europa’s
radiation [9].

Figure 2: Diagram of Europa Clipper [14]

The spacecraft’s payload will include the Europa Imaging System (EIS), the Plasma
Instrument for Magnetic Sounding (PIMS), the Europa Thermal Emission Imaging System
(E-THEMIS), and the Europa Ultraviolet Spectrograph (Europa-UVS) [15]. The EIS is a system
of cameras which will capture detailed images of Europa’s valleys, ridges, dark bands, plumes,
and surface materials. The EIS has both wide- and narrow-angled cameras which can create
stereoscopic images or images that show depth [16]. The PIMS will study Europa’s temperature
and flow of plasma—a type of hot, ionized gas found in space that surrounds Jupiter in a
donut-shaped ring. Since Europa’s magnetic field and signal are distorted by plasma, the PIMS
will also try to fix the distortions in Europa’s magnetic field to determine its ocean depth,
conductivity, and ice shell thickness [17]. The E-THEMIS will study Europa’s emitted infrared
light, map Europa’s temperatures, search for clues about volcanic activity on the surface, and
search for the location of Europa’s ocean [18]. The Europa-UVS will collect ultraviolet light
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using a telescope. Then, it will separate the ultraviolet light into wavelengths using an optical
grating so that scientists can analyze the wavelengths of light and identify what substances on
Europa are made of. Identifying these substances can help scientists determine if there are any
hydrocarbons, or carbon- and hydrogen-containing compounds, on Europa which can be used to
make amino acids—the building blocks of cells and thus living things [19].

Artemis I
In addition to the Europa Clipper mission, NASA has also been preparing for the Artemis

I mission which will be the first integrated test of the Orion spacecraft, Space Launch System
(SLS) rocket, and ground systems located at Kennedy Space Center. This unmanned flight test
will gather information needed for deep space exploration and for future manned space missions,
such as Artemis II and Artemis III. In addition, NASA will attempt to make the Orion stay in
space for longer, without docking on a space station, and return to Earth faster than any other
spacecraft. The Orion will launch on the SLS, the most powerful rocket in the world, and travel
280,000 miles from Earth. This mission will last about four to six weeks [20]. The cost of
launching the SLS is $4 billion [21]. First, the SLS and Orion will leave from Kennedy Space
Center. The SLS will create 8.8 million pounds of thrust when lifting off and propel the Orion,
which weighs almost 6 million pounds, into orbit. Within ninety seconds, the SLS will reach a
period of the greatest atmospheric force using five segment boosters, as shown in Figure 1, and
four RS-25 engines [20]. RS-25 engines are powered by liquid hydrogen and liquid oxygen
making them one of the highest performing engines the U.S. has ever created [22].

Figure 3: Diagram of the 5 segment boosters on the SLS [23]

Then, the boosters, European service module panels (fairings), and launch abort system
will be removed from the Orion. Next, after the core stage shuts down, it will also be separated
from the Orion [20]. The panels of the service module, also known as fairings, shield the Orion
from heat, wind, and acoustics when ascending into space [24]. Solid rocket boosters (SRBs)
provide additional thrust to the main engines to help the rocket push through Earth’s gravitational
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pull when flying [25]. The core stage acts as the backbone of the SLS by supporting the weight
of the payload, upper stage, crew vehicle, the thrust of the four RS-25 engines, and the two solid
rocket boosters [26]. The launch abort system protects astronauts in case of an emergency by
pulling the spacecraft away from a failing rocket. It can bring the spacecraft to safety by
positioning the module for a safe landing [27].

Figure 4: Diagram of the SLS rocket [28]

As the Orion orbits Earth using a perigee raise maneuver, it will perform a systems check
with its solar panel adjustments [20]. A perigee-raising maneuver allows the spacecraft to travel
in a circular orbit instead of an elliptical one by using a burn at apogee, a point in the orbit of the
moon that is furthest from the earth [29]. Then, the interim cryogenic propulsion stage (ICPS)
will use a trans-lunar injection (TLI) burn, a maneuver that pushes a spacecraft out of Earth’s
orbit and onto a path towards the Moon, for about 20 minutes. The ICPS will then be separated
from the spacecraft and use CubeSats, small satellites, to perform experiments and technology
demonstrations [20]. The ICPS is a single-engine that has a system based on liquid hydrogen or
liquid oxygen to provide propulsion in space [30]. In order to continue on its journey towards the
Moon, the Orion will be propelled by a service module which will provide the main propulsion
system, power, and even air and water for future manned missions [20]. The spacecraft will then
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go through the Van Allen radiation belts, which are two radiation belts that surround Earth and
are composed of electrons and charged particles [31].

Figure 5: Diagram of Van-Allen Radiation Belts [32]

Next, the Orion will go past the GPS satellite constellation and fly above communication
satellites in Earth’s orbit. The spacecraft will then switch from using NASA’s Tracking and Data
Relay Satellite (TDRS) system to using the Deep Space Network (DSN) to communicate with
mission control in Houston [20]. The TDRS consists of many first, second, and third generation
satellites scattered over the Atlantic, Pacific, and Indian oceans to provide information and
services to space and Earth missions [33]. The DSN is a large and sensitive telecommunications
system that has an international array of big radio antennas owned by NASA to support
interplanetary space missions and Earth missions. It also provides observations of radar and radio
astronomy to improve our knowledge of the solar system and the universe [34].

While waiting for the Orion to reach the Moon, which takes about 6 days, engineers will
analyze spacecraft’s systems and performance and correct its trajectory if needed. Afterwards,
the spacecraft will fly about 62 miles above the Moon. Then, the Orion will use the Moon’s
gravitational force to propel itself into a distant retrograde orbit, an orbit opposite of the direction
that the Moon travels around the Earth, about 38,000 miles from the Moon. The spacecraft will
perform half or one and a half revolutions in about 6 days to collect data and let mission
controllers evaluate the spacecraft’s performance. Before returning to Earth, the Orion will fly by
the Moon’s surface one more time just 60 miles away using a return powered flyby (RPF) burn.
Then, the service module on the Orion will fire its engine again at a specific time in combination
with the Moon’s gravity using a return trajectory correction (RTC) burn, to travel back toward
Earth’s atmosphere at 25,000 mph. The spacecraft will then make a precise splashdown landing
next to the coast of Baja, California. Finally, divers from the U.S. Navy and NASA’s Exploration
Ground Systems will approach the Orion, inspect it for any hazards, and hook on tending and
tow lines so that engineers can tow the capsule onto a recovery ship and bring the spacecraft
home [20].
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Figure 6: Map of the Artemis I mission with a listed procedure [35]

Manned Missions

Artemis II

In addition to unmanned missions, NASA and SpaceX have been planning manned space
missions. NASA will conduct the Artemis I mission to help prepare for the Artemis II mission,
which will be the first manned flight test around the moon using the SLS and the Orion
spacecraft [36]. Altogether, the predicted cost of Artemis II will be $9.3 billion [37]. The goal of
the mission is to verify whether the life support systems in the Orion spacecraft can sustain
astronauts and allow them to carry out operations during long-term space missions. Four
astronauts will be launched from the Kennedy Space Center on a SLS rocket [36]. They will be
wearing Orion Crew Survival System (OCSS) spacesuits in order to protect themselves during
launch day, emergencies, parts of the mission with high-risk, and their return to Earth with
high-speed [38].

Figure 7: Picture of an OCSS spacesuit [38]
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The spacecraft will follow a hybrid free-return trajectory [36]. A hybrid free-return
trajectory is a combination of two different paths that a spacecraft can take to orbit the moon and
return to earth [39].

Figure 8: Depiction of a hybrid-free return trajectory [40]

The SLS will launch Orion into space. Then, the boosters, service module panels, and
launch abort system will be jettisoned before the engines of the core stage shut down and the
core stage itself separates from the ICPS and the spacecraft. The Orion will then perform a
perigee raise maneuver to orbit around the Earth twice and confirm if the spacecraft is working
properly [36]. Then, the Orion will fly in the shape of an ellipse at an approximate altitude of 115
by 1,800 miles for about 90 minutes. After the Orion orbits once around the Earth, it will create
another burn at apogee to raise itself to a high-Earth orbit to build up its speed for traveling to the
Moon. Next, the Orion will fly in its second orbit around Earth for about 42 hours in an ellipse
from about 235 to 68,000 miles above Earth while also verifying the Deep Space Network’s
communication and navigation systems. These systems will provide communication with the
crew, send images to Earth, and command the Orion. The ICPS will then be used as a place for a
proximity operations demonstration during which the crew will switch the Orion into manual
mode and control its flight path and orientation under the supervision of mission controllers at
Johnson Space Center in Houston. This demonstration will allow the crew to prepare for a
rendezvous, proximity operations, docking, and undocking when in lunar orbit during the
Artemis III mission in the future. After the demonstration, the crew will double-check the
performance of the spacecraft system while in space and dispose of the ICPS.
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Figure 9: Image of the ICPS [41]

While they are still near Earth, the crew will test the life support systems on the
spacecraft during exercise and sleep periods to ensure that the life support systems can work
during the lunar orbit part of the mission. Afterwards, the Orion will perform TLI burn, using a
service module. The crew will travel around the backside of the moon, 4,600 miles past the far
side, creating a figure eight that reaches over 230,000 miles from Earth before they return to
Earth. Returning back to Earth will take about four days. The Orion will return to Earth by using
the Earth-Moon gravity field instead of propulsion. Altogether, the entire mission will take about
10 days to exhibit NASA’s capabilities in landing the first woman and next man on the Moon in
the Artemis III mission [36].

Figure 10: Map of the Artemis II mission with a listed procedure [42]
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Starship
As NASA prepares to execute the Artemis II mission, SpaceX is working on the Starship

— a vehicle meant to carry astronauts and supplies on interplanetary flights [43]. SpaceX has
been conducting flight tests of the Starship prototype in Starbase, located in Texas, to gather
information necessary for a successful crewed flight to the Moon and Mars in the future. The
Starship is reusable, and the materials it is composed of are cheaper than usual rockets [44]. The
vehicle consists of guidance and navigation systems, heat protection, the capabilities of docking
and precision landing, an autonomous rendezvous, and certified avionics. In addition, NASA
selected the Starship to assist in the Artemis program and land the first woman and next man on
the moon [45]. A lunar mission using the Starship would last about 6-7 days and would look like
this [46]:

Figure 11: The procedure of a lunar mission using the Starship. (Step 5: Perilune is the point at
which a spacecraft in lunar orbit is closest to the moon) [46]

After completing a successful lunar mission, SpaceX will also use the Starship to attempt
a manned mission to Mars. 33 Raptor engines are attached to the Super Heavy methane tank.
SpaceX decided to use methane as fuel for the rocket since it can be created on Mars by
combining water and carbon dioxide and is cheaper than RP-1, or the kerosene fuel typically
employed [44]. The Raptor engines are the first full-flow staged combustion engines to ever be
flown, meaning that they are some of the most powerful engines to ever be created [43]. The
booster on the Starship will be designed to return to the launchpad in 6 minutes after the rocket is
launched, refuel, and relaunch in an hour. This way, each vehicle can be launched three times a
day. Once the Starship is in orbit, it will be refueled so that it can carry 100 tons of payload,
passengers and cargo, to Mars. Elon Musk predicted the cost of launching a Starship to be about
$1 million [44]. In addition, the launch sites of the Starship will include Kennedy Space Center
and the Boca Chica launch pad.
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Figure 12: Diagram of the Starship [47]

The payload will be in a clamshell structure in the Starship. When the payload is ready to
deploy, the clamshell fairing door will be opened and the payload adapter will separate the
payload from the rocket. When there are multiple payloads to be deployed, a rotating mechanism
will be used. If more structural support is needed for payloads, supports can be mounted along
the sides or nose of the Starship. During the trip, there will be many axial and lateral
accelerations which the payload will experience. To maintain launch vehicle and payload
acceleration limits, the Starship and Super Heavy engines can be throttled [48].

Figure 13: Depiction of how the clamshell
structure in the Starship will deploy the payload

[48]
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To land on Mars successfully, the Starship will approach Mars’ atmosphere at 7.5 km/sec
and decelerate aerodynamically. The rocket has a heat shield to protect from Mars’ hot
atmosphere, but even then, some ablation of the heat shield is expected [49]. When returning to
Earth, the Starship will perform a “belly flop” flight maneuver in which the engines will be
switched off, the Starship will flip onto its front, free fall horizontally when reaching Earth’s
atmosphere using the air around the vehicle as a cushion to slow down, and then right itself to
land right side up [50]. Overall, this is what the procedure of a successful Starship mission to
Mars and back will look like:

Figure 14: Diagram of Starship mission to Mars with a listed procedure [49]

Pros & Cons of Manned vs. Unmanned Space Missions

Pros of Manned Missions (Cons of Unmanned Missions)

In comparing all these future space missions with one another, certain pros and cons
between manned and unmanned space missions are realized. One pro of manned missions is that
they have a higher success rate, meaning the executed mission achieves all the predetermined
mission goals and the spacecraft is able to return to Earth safely. As shown in Figure 15,
world-wide, manned missions (90.2% successful) have been about 20% more successful than
unmanned missions (68.4% successful) in the past [51, 52].

Manned missions have been more successful because unmanned missions tend to
experience more malfunctions. This may be due to the fact that before manned missions are
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carried out, many unmanned spacecrafts are sent out as “test drives” to observe all the problems
that could occur during flight. Engineers will then make adjustments to the spacecraft to avoid
those problems during manned missions, making them more successful. For example, the
Artemis I mission is being carried out in preparation for the Artemis II mission to ensure that the
crew on the Artemis II mission has a safe module entry, descent, splashdown, and recovery.
Unmanned spacecrafts may also experience more malfunctions due their susceptibility to
collisions with micrometeoroids in space. Micrometeoroids cannot be detected easily from Earth
making unmanned spacecrafts more likely to collide with one [53]. Colliding with a
micrometeoroid can cause malfunctions in the spacecrafts’ systems, especially its
communication systems which could cause all data to be lost [54]. Astronauts in a manned
mission can spot micrometeoroids by surveying the spacecraft's surroundings and have a better
chance of avoiding collisions with a micrometeoroid.

According to aircraft missions, the major cause of malfunctions or control system failures
are due to operator error. Since operators or pilots control unmanned missions from remote
locations far away from the aircraft, it’s harder for them to find the sources of problems that may
arise. Manned missions have trained pilots on board who can better understand the environment
in which the aircraft is operating because of their physical proximity [55]. This same concept can
be applied to space missions where astronauts can have a better understanding of their
environment when they are on the spacecraft rather than controlling it from a remote, extremely
distant location. Therefore, astronauts in manned missions can find the sources of issues that
occur more easily than operators in robotic missions. In addition to operator error, robotic
missions' tendency to fail may also be due to robots’ inability to create solutions to new
difficulties that arise. Machines can only be designed to fix expected problems while humans
have the unique skill of thinking on their feet and being creative which allows humans to handle
unforeseen problems [56].

Moreover, unmanned missions have lower risk since there aren’t any humans
aboard the spacecraft whose lives could be put at risk. Therefore, there are lower safety
requirements and fundamental testing differences that may contribute to unmanned missions
failing more often. The FAA (Federal Aviation Administration) created a list criteria that manned
missions have to meet before those missions can be carried out in space. This list of criteria
includes recommended practices and training that astronauts have to follow to be prepared for
expected and unexpected issues, safety components have to be incorporated into the design of
the vehicle, the vehicle has to be manufactured in a certain way with the correct materials,
electrical systems have to be fail safe, etc [57]. Such requirements are not mandated for
unmanned spacecrafts which is why they may fail more often. However, a more rigorous and
case-by-case analysis is required to pinpoint the exact reasons unmanned missions carry a higher
failure rate.
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Figure 15: Chart of successful manned and unmanned missions from the late 1950’s to the
2000’s [51, 52]

The second benefit of manned missions is that humans can invent new solutions to
technical problems in space. There have been many cases where the spacecraft during a manned
mission experienced a malfunction, but thanks to the humans onboard, the malfunction was able
to be fixed, preventing the mission from failing. For example, the Salyut 7 (a USSR spacecraft)
had a big fuel leak that could have disabled the station. Fortunately, the crew was able to make
repairs that could not be accomplished with spacecraft technology alone and continued on with
their mission [51].

The third advantage of unmanned missions is that humans can conduct different,
technically challenging experiments in space. For example, the dexterity of human hands is
usually needed when dissecting an animal in space or preparing slides containing thin pieces of
anatomy to be observed under a microscope. Even though there are robots that can perform these
focused tasks, those robots tend to be large, which can be an inconvenience on a spacecraft due
to its mass. In addition, when equipment breaks in space, robots cannot perform some of the
tasks needed to repair or replace the equipment. Science equipment tends to have small
components that can only be assembled by humans or large, heavy, and advanced machines.
Furthermore, the crew takes their blood samples and performs biopsies on themselves in space to
observe physical and psychological changes that may occur. Robots cannot provide the
biomedical samples that humans can to observe these kinds of changes [58]. Moreover,
astronauts can analyze the results of their experiments in real-time and make conclusions
whereas robots can only collect data from experiments [59]. In summary, unmanned spacecrafts
can only collect data, samples, and pictures but cannot conduct experiments easily.
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Cons of Manned Missions (Pros of Unmanned Missions)
One con of manned missions is that they are more costly. Life support systems have

many components such as carbon dioxide concentrations, water recovery systems, oxygen
recovery systems, and atmosphere monitoring systems, all of which cost tens of millions of
dollars to design, build, and test [60]. In addition, it costs millions of dollars to train astronauts
[61].

Comparing past space missions in Figure 14 shows that the costs of the Challenger and
Apollo 11 manned missions are significantly higher than the Sputnik 1 and Phobos-Grunt
unmanned missions. Furthermore, when comparing the costs between recent missions such
Artemis I, Artemis, II, Europa Clipper, and Starship, it is clear that Artemis II costs almost
double the amount of the Artemis I and Europa missions due to extra expenses such as the
payload, which will contain an abundance of human necessities such as food and water, and life
support systems. Even though the projected cost of launching the Starship is just $1 billion, the
payload and other aspects of the mission have not been factored into the cost so that number will
increase significantly. The Europa Clipper Mission is the most expensive out of the unmanned
missions and close in value to the cost of Apollo 11 due to Europa Clipper’s high-tech
instrumentation and cameras with each instrument costing about $70 million [62]. The cost of
the Apollo 11 missions seems less costly than the other manned missions because it only factors
in the costs of the launch, vehicle, and modules and leaves out payload, development, and
operations costs. The extremely low costs of Sputnik 1 and Phobos-Grunt missions may be due
to the fact that they were conducted in Russia where the currency, rubles, equates to much less in
U.S. dollars.

Figure 16: Chart of the costs of each mission: Manned and Unmanned [10, 21, 37, 44,
63, 64, 65, 66]
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Based on the Atlas and Titan rockets, each launch cost is composed of the costs of the
vehicle (50%), operations (30%), payload integration (5%), and government costs (15%) [67].
But, this ratio doesn’t apply to the costs of a Falcon 9 launch where the vehicle itself costs about
$50 million which is 75% of the overall launch cost [68]. Adjusted for inflation, SpaceX spends
an average of $67 million per launch of the Falcon 9 rocket, NASA spent an average of $1.6
billion per flight on their spacecrafts from 2011, and Russia spends anywhere from $53 million
to $255 million per launch [69]. However, the cost of launching the SLS will be about $4.1
billion which is double the cost NASA predicted. This is mostly because the SLS launch has
been delayed several times and has experienced several technical difficulties, such as valve
issues, due to poor contract oversight and project management [70].

The second disadvantage of manned missions is that they have a higher risk to human
life. There have been incidents in the past where astronauts were killed during a space mission
due to a malfunction. Although the percentage of missions ending in astronaut fatalities in the
past is only 3-4%, it is still higher than the percentage of human fatalities on unmanned missions
which is 0%. An example of a crewed mission failure is the Challenger disaster, where the seven
people onboard died due to the Challenger spacecraft exploding shortly after launching [71]. In
contrast, the risk of human life doesn’t have to be factored in when conducting unmanned space
missions.

Another drawback of manned missions is that humans cannot travel to environments that
are far away from Earth or have dangerous conditions, such as extremely hot or cold climates,
different gravity fields which can cause premature osteoporosis in humans (when bones become
brittle and weak), or radiation [72]. Unlike humans, machines can be built to travel to and
survive distant and harsh environments to collect data. For example, Jupiter emits harmful
radiation making it dangerous for a human to explore the planet. Instead, unmanned spacecrafts,
such as Juno, were sent to explore Jupiter and gather information [73]. In short, the pros of
unmanned missions are opposite to the cons of crewed missions and the cons of unmanned
missions are opposite to the pros of crewed missions.
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Conclusion
In conclusion, there are many factors to be considered when deciding which type of

mission is best for space exploration. The advantages of manned missions include having a
higher success rate, being able to conduct technically challenging experiments, and being able to
invent solutions to new problems. The disadvantages of manned missions include being more
costly, having a higher risk to human life, and not being able to travel to distant or harsh
environments in space. Accordingly, the pros of unmanned missions are contrary to the cons of
manned missions and the cons of unmanned missions are contrary to the pros of manned
missions. An unmanned spacecraft is better suited for traveling to dangerous environments and
distant locations in the solar system since humans cannot survive certain conditions on some
planets or travel in space for an extensive amount of time. Manned missions are better suited for
missions that are closer to Earth and require experiments to be conducted while in space as
robots cannot conduct experiments as easily as humans can. In some cases, manned missions rely
on unmanned missions to be carried out successfully. For example, the Artemis I mission is like
a test-drive for the Artemis II mission to ensure the Artemis II mission can run as smoothly as
possible with a crew onboard. Overall, there are certain aspects to crewed missions that
unmanned missions cannot provide and vice versa. Therefore, a combination of both manned and
unmanned space missions is recommended to further space exploration and make it as safe,
successful, and informative as possible.

Acknowledgements
I would like to thank Polygence for giving me the opportunity to write this research paper

with full control and providing me with the resources needed to make this paper as sophisticated
and informative as possible. The biggest resource that Polygence provided me was my mentor
Lauren Simitz. So, I also want to give a huge thank you to Lauren for guiding me through the
process of making this research paper and teaching me so much along the way. Last but not least,
I want to thank my parents for believing in me enough to fund my research paper by putting their
trust in Polygence.

21



Works Cited
(Works are cited in order throughout the research paper)

1. Sheetz , M. (2022, July 27). The space economy grew at fastest rate in years to $469
billion in 2021, report says. CNBC. Retrieved July 30, 2022, from
https://www.cnbc.com/2022/07/27/space-economy-grew-at-fastest-rate-in-years-in-2021-
report.html

2. Rosenbaum, D. E. (1986, January 30). THE SHUTTLE INQUIRY: SEARCH FOR
ALTERNATIVESISSUE AND DEBATE; SHOULD U.S. CONTINUE TO SEND PEOPLE
INTO SPACE? The New York Times. Retrieved July 22, 2022, from
https://www.nytimes.com/1986/01/30/us/shuttle-inquiry-search-for-alternativesissue-deba
te-should-us-continue-send.html

3. Gregersen, E. (2019, March 7). Lunar Atmosphere and Dust Environment Explorer |
United States spacecraft. Encyclopedia Britannica. Retrieved July 22, 2022, from
https://www.britannica.com/topic/Lunar-Atmosphere-and-Dust-Environment-Explorer

4. Sputnik 1. (2022, April 27). NASA Space Science Data Coordinated Archive. Retrieved
July 24, 2022, from
https://nssdc.gsfc.nasa.gov/nmc/spacecraft/display.action?id=1957-001B

5. Amos, B. J. (2012, January 15). Phobos-Grunt: Failed probe “falls over Pacific.” BBC
News. Retrieved July 24, 2022, from
https://www.bbc.com/news/science-environment-16491457

6. Siegel, E. (2018, November 15). This Is Why Sputnik Crashed Back To Earth After Only
3 Months. Forbes. Retrieved July 24, 2022, from
https://www.forbes.com/sites/startswithabang/2018/11/15/this-is-why-sputnik-crashed-ba
ck-to-earth-after-only-3-months/?sh=429886186dc1

7. The space shuttle Challenger explodes after liftoff. (2022, January 25). HISTORY.
Retrieved July 24, 2022, from
https://www.history.com/this-day-in-history/challenger-explodes

8. Loff, S. (2015, April 17). Apollo 11 Mission Overview. NASA. Retrieved July 24, 2022,
from https://www.nasa.gov/mission_pages/apollo/missions/apollo11.html

9. Overview | Europa Clipper Mission. (2022, April 14). NASA Europa Clipper. Retrieved
August 20, 2022, from https://europa.nasa.gov/mission/about/

10. Smith, M. (2022, March 21). NASA Reveals Europa Clipper Cost Growth, Mars Sample
Return Replan. (Retrieved August 20, 2022, from
https://spacepolicyonline.com/news/nasa-reveals-europa-clipper-cost-growth-mars-sampl
e-return-replan/

11. Ingredients for life | Why Europa. (2022, April 4). NASA Europa Clipper. Retrieved
August 20, 2022, from https://europa.nasa.gov/why-europa/ingredients-for-life/

12. Basics of Space Flight - Solar System Exploration: NASA Science. (n.d.). NASA Solar
System Exploration. Retrieved August 20, 2022, from
https://solarsystem.nasa.gov/basics/primer/

13. REASON | Instruments. (2022, September 19). NASA Europa Clipper. Retrieved October
8, 2022, from https://europa.nasa.gov/spacecraft/instruments/reason/

14. Martin, B. (2017, May 22). Nasa Missions. Pinterest. Retrieved August 20, 2022, from
https://www.pinterest.com/pin/europa-clipper-schematic--576320083555871002/

22

https://www.cnbc.com/2022/07/27/space-economy-grew-at-fastest-rate-in-years-in-2021-report.html
https://www.cnbc.com/2022/07/27/space-economy-grew-at-fastest-rate-in-years-in-2021-report.html
https://www.nytimes.com/1986/01/30/us/shuttle-inquiry-search-for-alternativesissue-debate-should-us-continue-send.html
https://www.nytimes.com/1986/01/30/us/shuttle-inquiry-search-for-alternativesissue-debate-should-us-continue-send.html
https://www.britannica.com/topic/Lunar-Atmosphere-and-Dust-Environment-Explorer
https://nssdc.gsfc.nasa.gov/nmc/spacecraft/display.action?id=1957-001B
https://www.bbc.com/news/science-environment-16491457
https://www.forbes.com/sites/startswithabang/2018/11/15/this-is-why-sputnik-crashed-back-to-earth-after-only-3-months/?sh=429886186dc1
https://www.forbes.com/sites/startswithabang/2018/11/15/this-is-why-sputnik-crashed-back-to-earth-after-only-3-months/?sh=429886186dc1
https://www.history.com/this-day-in-history/challenger-explodes
https://www.nasa.gov/mission_pages/apollo/missions/apollo11.html
https://europa.nasa.gov/mission/about/
https://spacepolicyonline.com/news/nasa-reveals-europa-clipper-cost-growth-mars-sample-return-replan/
https://spacepolicyonline.com/news/nasa-reveals-europa-clipper-cost-growth-mars-sample-return-replan/
https://europa.nasa.gov/why-europa/ingredients-for-life/
https://solarsystem.nasa.gov/basics/primer/
https://europa.nasa.gov/spacecraft/instruments/reason/
https://www.pinterest.com/pin/europa-clipper-schematic--576320083555871002/


15. NASA's Europa Clipper Spacecraft Kicks Assembly Into High Gear. (2022, August 15).
NASA Europa Clipper. Retrieved August 23, 2022, from
https://europa.nasa.gov/news/54/nasas-europa-clipper-spacecraft-kicks-assembly-into-hig
h-gear/

16. EIS. (2022, September 19). NASA Europa Clipper. Retrieved October 8, 2022, from
https://europa.nasa.gov/spacecraft/instruments/eis/

17. PIMS. (2022, September 19). NASA Europa Clipper. Retrieved October 8, 2022, from
https://europa.nasa.gov/spacecraft/instruments/pims/

18. E-Themis. (2022, September 19). NASA Europa Clipper. Retrieved October 8, 2022,
from https://europa.nasa.gov/spacecraft/instruments/e-themis/

19. Europa-UVS. (2022, September 19). NASA Europa Clipper. Retrieved October 8, 2022,
from https://europa.nasa.gov/spacecraft/instruments/europa-uvs/

20. Hambleton, K. (2018, March 7). Around the Moon with NASA's first launch of SLS with
Orion. NASA. Retrieved August 14, 2022, from
https://www.nasa.gov/feature/around-the-moon-with-nasa-s-first-launch-of-sls-with-orion
/

21. Drake, N. (2022, August 24). NASA's Artemis I Moon mission is 'go' for launch.
Scientific American. Retrieved August 26, 2022, from
https://www.scientificamerican.com/article/nasa-rsquo-s-artemis-i-moon-mission-is-lsquo
-go-rsquo-for-launch/

22. RS-25 engine. (n.d.). Aerojet Rocketdyne. Retrieved August 14, 2022, from
https://www.rocket.com/space/liquid-engines/rs-25-engine

23. Patrascu, D. (2022, February 12). Here are the space launch system solid rocket boosters
in a few hard to grasp numbers. autoevolution. Retrieved August 14, 2022, from
https://www.autoevolution.com/news/here-are-the-space-launch-system-solid-rocket-boo
sters-in-a-few-hard-to-grasp-numbers-181353.html

24. Science X. (2013, November 8). NASA's Orion sees flawless fairing separation in second
test. Phys.org. Retrieved August 14, 2022, from
https://phys.org/news/2013-11-nasa-orion-flawless-fairing.html

25. Dunbar, B. (2006, March 5). Solid rocket boosters. NASA. Retrieved August 14, 2022,
from https://www.nasa.gov/returntoflight/system/system_SRB.html

26. Space Launch System Core Stage. (n.d.). NASA. Retrieved August 14, 2022, from
https://www.nasa.gov/sites/default/files/atoms/files/sls_core_stage_fact_sheet_04262021
_508.pdf

27. Launch Abort System. (n.d.). NASA. Retrieved August 14, 2022, from
https://www.nasa.gov/sites/default/files/atoms/files/orion_las_fact_sheet.pdf

28. Kimberly Robinson. (2019, October). Elements of the SLS block 1 crew vehicle. -
researchgate. ResearchGate. Retrieved August 17, 2022, from
https://www.researchgate.net/figure/Elements-of-the-SLS-Block-1-crew-vehicle_fig1_33
8752729

29. Peet , M. M. (n.d.). Spacecraft Dynamics and Control. Arizona State University.
Retrieved August 17, 2022, from
http://control.asu.edu/Classes/MAE462/462Lecture08.pdf

30. Harbaugh, J. (2021, November 18). Space launch system interim cryogenic propulsion
stage (ICPS). NASA. Retrieved August 17, 2022, from
https://www.nasa.gov/exploration/systems/sls/fs/ICPS.html

23

https://europa.nasa.gov/news/54/nasas-europa-clipper-spacecraft-kicks-assembly-into-high-gear/
https://europa.nasa.gov/news/54/nasas-europa-clipper-spacecraft-kicks-assembly-into-high-gear/
https://europa.nasa.gov/spacecraft/instruments/eis/
https://europa.nasa.gov/spacecraft/instruments/pims/
https://europa.nasa.gov/spacecraft/instruments/e-themis/
https://europa.nasa.gov/spacecraft/instruments/europa-uvs/
https://www.nasa.gov/feature/around-the-moon-with-nasa-s-first-launch-of-sls-with-orion/
https://www.nasa.gov/feature/around-the-moon-with-nasa-s-first-launch-of-sls-with-orion/
https://www.scientificamerican.com/article/nasa-rsquo-s-artemis-i-moon-mission-is-lsquo-go-rsquo-for-launch/
https://www.scientificamerican.com/article/nasa-rsquo-s-artemis-i-moon-mission-is-lsquo-go-rsquo-for-launch/
https://www.rocket.com/space/liquid-engines/rs-25-engine
https://www.autoevolution.com/news/here-are-the-space-launch-system-solid-rocket-boosters-in-a-few-hard-to-grasp-numbers-181353.html
https://www.autoevolution.com/news/here-are-the-space-launch-system-solid-rocket-boosters-in-a-few-hard-to-grasp-numbers-181353.html
https://phys.org/news/2013-11-nasa-orion-flawless-fairing.html
https://www.nasa.gov/returntoflight/system/system_SRB.html
https://www.nasa.gov/sites/default/files/atoms/files/sls_core_stage_fact_sheet_04262021_508.pdf
https://www.nasa.gov/sites/default/files/atoms/files/sls_core_stage_fact_sheet_04262021_508.pdf
https://www.nasa.gov/sites/default/files/atoms/files/orion_las_fact_sheet.pdf
https://www.researchgate.net/figure/Elements-of-the-SLS-Block-1-crew-vehicle_fig1_338752729
https://www.researchgate.net/figure/Elements-of-the-SLS-Block-1-crew-vehicle_fig1_338752729
http://control.asu.edu/Classes/MAE462/462Lecture08.pdf
https://www.nasa.gov/exploration/systems/sls/fs/ICPS.html


31. Zell, H. (2015, March 18). Radiation belts -- fun facts. NASA. Retrieved August 14,
2022, from https://www.nasa.gov/mission_pages/rbsp/mission/fun-facts.html

32. Scott, K. (2020, May 19). What are the Van Allen Radiation Belts? Space Center
Houston. Retrieved August 14 2022, from
https://spacecenter.org/what-are-the-van-allen-radiation-belts/

33. Dunbar, B. (2015, April 28). Tracking and Data Relay Satellite (TDRS). NASA.
Retrieved August 17, 2022, from
https://www.nasa.gov/directorates/heo/scan/services/networks/tdrs_main/

34. Monaghan, H. (2020, March 30). About the Deep Space Network. NASA. Retrieved
August 17, 2022, from
https://www.nasa.gov/directorates/heo/scan/services/networks/deep_space_network/about
/

35. Hambleton, K. (2018, February 9). Artemis I Map. NASA. Retrieved August 14, 2022,
from https://www.nasa.gov/image-feature/artemis-i-map/

36. Hambleton, K. (2018, August 27). First flight with crew important step on long-term
return to Moon. NASA. Retrieved July 29, 2022, from
https://www.nasa.gov/feature/nasa-s-first-flight-with-crew-important-step-on-long-term-r
eturn-to-the-moon-missions-to/

37. Harwood, W. (2021, November 17). NASA's Artemis Moon program facing rising costs
and delays. CBS News. Retrieved July 29, 2022, from
https://www.cbsnews.com/news/artemis-moon-program-cost-delays-nasa-inspector-gener
al/

38. Crane, A. (2019, October 15). Orion suit equipped to expect the unexpected on Artemis
Missions. NASA. Retrieved July 30, 2022, from
https://www.nasa.gov/feature/orion-suit-equipped-to-expect-the-unexpected-on-artemis-
missions/

39. Schwaniger, A. J. (1963, June). Technical note. NASA. Retrieved July 30, 2022, from
https://ntrs.nasa.gov/api/citations/19630007117/downloads/19630007117.pdf

40. Free-return trajectory. (2022, September 4). Wikipedia. Retrieved a October 15, 2022,
from https://en.m.wikipedia.org/wiki/Free-return_trajectory

41. Mohon, L. (2015, February 18). Getting to know you: Interim cryogenic propulsion stage.
NASA. Retrieved July 30, 2022, from
https://www.nasa.gov/sls/interim_cryogenic_propulsion_stage_141030.html

42. Artemis 2. (2022, September 4). Wikipedia. Retrieved September 24, 2022, from
https://en.m.wikipedia.org/wiki/Artemis_2

43. Starship SN15. (n.d.). SpaceX. Retrieved August 6, 2022, from
https://www.spacex.com/vehicles/starship/

44. Are space scientists ready for starship-the biggest rocket ever? (n.d.). Science. Retrieved
August 6, 2022, from
https://www.science.org/content/article/space-scientists-ready-starship-biggest-rocket-eve
r

45. Starship to Land NASA Astronauts on the Moon. SpaceX. (n.d.). Retrieved August 6
2022, from https://www.spacex.com/updates/#starship-moon-announcement

46. The Moon. (n.d.). SpaceX. Retrieved August 6, 2022, from
https://www.spacex.com/human-spaceflight/moon/index.html

24

https://www.nasa.gov/mission_pages/rbsp/mission/fun-facts.html
https://spacecenter.org/what-are-the-van-allen-radiation-belts/
https://www.nasa.gov/directorates/heo/scan/services/networks/tdrs_main/
https://www.nasa.gov/directorates/heo/scan/services/networks/deep_space_network/about/
https://www.nasa.gov/directorates/heo/scan/services/networks/deep_space_network/about/
https://www.nasa.gov/image-feature/artemis-i-map/
https://www.nasa.gov/feature/nasa-s-first-flight-with-crew-important-step-on-long-term-return-to-the-moon-missions-to/
https://www.nasa.gov/feature/nasa-s-first-flight-with-crew-important-step-on-long-term-return-to-the-moon-missions-to/
https://www.cbsnews.com/news/artemis-moon-program-cost-delays-nasa-inspector-general/
https://www.cbsnews.com/news/artemis-moon-program-cost-delays-nasa-inspector-general/
https://www.nasa.gov/feature/orion-suit-equipped-to-expect-the-unexpected-on-artemis-missions/
https://www.nasa.gov/feature/orion-suit-equipped-to-expect-the-unexpected-on-artemis-missions/
https://ntrs.nasa.gov/api/citations/19630007117/downloads/19630007117.pdf
https://en.m.wikipedia.org/wiki/Free-return_trajectory
https://www.nasa.gov/sls/interim_cryogenic_propulsion_stage_141030.html
https://en.m.wikipedia.org/wiki/Artemis_2
https://www.spacex.com/vehicles/starship/
https://www.science.org/content/article/space-scientists-ready-starship-biggest-rocket-ever
https://www.science.org/content/article/space-scientists-ready-starship-biggest-rocket-ever
https://www.spacex.com/updates/#starship-moon-announcement
https://www.spacex.com/human-spaceflight/moon/index.html


47. Spacex Starship Blueprint Premium Home Art matte poster - etsy: Spacex Starship,
Spacex, Space Travel.(2020, May 26). Pinterest. Retrieved August 8, 2022, from
https://www.pinterest.com/pin/spacex-starship-blueprint-premium-home-art-matte-poster
--785596728740656998/

48. Starship users’ guide - spacex. (n.d.). SpaceX. Retrieved August 6, 2022, from
https://www.spacex.com/media/starship_users_guide_v1.pdf

49. Mars & Beyond. (n.d.). SpaceX. Retrieved August 6, 2022, from
https://www.spacex.com/human-spaceflight/mars/

50. Robitzski, D. (2021, March 21). This is what it would be like to ride starship during its
epic "Belly flop" maneuver. Futurism. Retrieved August 6, 2022, from
https://futurism.com/ride-starship-belly-flop-maneuver#:~:text=Before%20landing%2C
%20the%20Starship%20prototypes,leaping%20out%20of%20the%20water.

51. A history of manned space missions. (n.d.). Chronology of Manned Space Missions -
Windows to the Universe. Retrieved August 28, 2022, from
https://www.windows2universe.org/space_missions/manned_table.html

52. A history of satellites and robotic space missions. (n.d.). Chronology of Satellites and
Robotic Space Missions - Windows to the Universe. Retrieved August 28, 2022, from
https://www.windows2universe.org/space_missions/unmanned_table.html

53. Micrometeoroids and Space Debris - The Eureca Post-Flight Analysis. (n.d.). ESA.
Retrieved August 28, 2022, from
https://www.esa.int/esapub/bulletin/bullet80/ace80.htm#:~:text=Currently%20more%20t
han%207000%20large,be%20detected%20from%20the%20ground.

54. Communications (n.d.). Northwestern. Retrieved August 28, 2022, from
https://www.qrg.northwestern.edu/projects/vss/docs/communications/1-what-could-go-wr
ong-communications.html

55. Dahl, A. M. (January, 2018). A Comparative Analysis Of Manned And Unmanned
Aviators's Approach To Safety. University of North Dakota. Retrieved August 30, 2022,
from https://commons.und.edu/cgi/viewcontent.cgi?article=3195&context=theses

56. Slakey, F. (2008, February 1). Robots vs. humans: Who should explore space? Scientific
American. Retrieved August 30, 2022, from
https://www.scientificamerican.com/article/robots-vs-humans-who-should-explore/

57. Recommended Practices for Human Space Flight Occupant Safety. (n.d.). Federal
Aviation Administration. Retrieved August 30, 2022, from
https://www.faa.gov/about/office_org/headquarters_offices/ast/media/recommended_prac
tices_for_hsf_occupant_safety-version_1-tc14-0037.pdf

58. What do humans do on the ISS that can't be done by machines? (2016, November 29).
Forbes. Retrieved August 30, 2022, from
https://www.forbes.com/sites/quora/2016/11/29/what-do-humans-do-on-the-iss-that-cant-
be-done-by-machines/?sh=3e7a0645145e

59. Bio-analyzer: Near-real-time biomedical results from space to Earth. (2019, May 9).
Canadian Space Agency. Retrieved August 30, 2022, from
https://www.asc-csa.gc.ca/eng/iss/bio-analyzer.asp

60. Cost analysis of life support systems summary report. (n.d.). NASA. Retrieved September
11, 2022, from
https://ntrs.nasa.gov/api/citations/19730018345/downloads/19730018345.pdf?attachment
=true

25

https://www.pinterest.com/pin/spacex-starship-blueprint-premium-home-art-matte-poster--785596728740656998/
https://www.pinterest.com/pin/spacex-starship-blueprint-premium-home-art-matte-poster--785596728740656998/
https://www.spacex.com/media/starship_users_guide_v1.pdf
https://www.spacex.com/human-spaceflight/mars/
https://futurism.com/ride-starship-belly-flop-maneuver#:~:text=Before%20landing%2C%20the%20Starship%20prototypes,leaping%20out%20of%20the%20water
https://futurism.com/ride-starship-belly-flop-maneuver#:~:text=Before%20landing%2C%20the%20Starship%20prototypes,leaping%20out%20of%20the%20water
https://www.windows2universe.org/space_missions/manned_table.html
https://www.windows2universe.org/space_missions/unmanned_table.html
https://www.esa.int/esapub/bulletin/bullet80/ace80.htm#:~:text=Currently%20more%20than%207000%20large,be%20detected%20from%20the%20ground
https://www.esa.int/esapub/bulletin/bullet80/ace80.htm#:~:text=Currently%20more%20than%207000%20large,be%20detected%20from%20the%20ground
https://www.qrg.northwestern.edu/projects/vss/docs/communications/1-what-could-go-wrong-communications.html
https://www.qrg.northwestern.edu/projects/vss/docs/communications/1-what-could-go-wrong-communications.html
https://commons.und.edu/cgi/viewcontent.cgi?article=3195&context=theses
https://www.scientificamerican.com/article/robots-vs-humans-who-should-explore/
https://www.faa.gov/about/office_org/headquarters_offices/ast/media/recommended_practices_for_hsf_occupant_safety-version_1-tc14-0037.pdf
https://www.faa.gov/about/office_org/headquarters_offices/ast/media/recommended_practices_for_hsf_occupant_safety-version_1-tc14-0037.pdf
https://www.forbes.com/sites/quora/2016/11/29/what-do-humans-do-on-the-iss-that-cant-be-done-by-machines/?sh=3e7a0645145e
https://www.forbes.com/sites/quora/2016/11/29/what-do-humans-do-on-the-iss-that-cant-be-done-by-machines/?sh=3e7a0645145e
https://www.asc-csa.gc.ca/eng/iss/bio-analyzer.asp
https://ntrs.nasa.gov/api/citations/19730018345/downloads/19730018345.pdf?attachment=true
https://ntrs.nasa.gov/api/citations/19730018345/downloads/19730018345.pdf?attachment=true


61. Zubrin, R. (2012, January 26). How much is an Astronaut's life worth? Reason.com.
Retrieved September 11, 2022, from
https://reason.com/2012/01/26/how-much-is-an-astronauts-life-worth/

62. Foust, J. (2020, July 10). Cost growth prompts changes to Europa Clipper Instruments.
SpaceNews. Retrieved September 11, 2022, from
https://spacenews.com/cost-growth-prompts-changes-to-europa-clipper-instruments/#:~:t
ext=Jan%20Chodas%2C%20project%20manager%20for,or%20about%20%2470%20mil
lion%20each.

63. Knapp, A. (2022, October 18). Apollo 11's 50th anniversary: The facts and figures behind
the $152 billion Moon landing. Forbes. Retrieved October 24, 2022, from
https://www.forbes.com/sites/alexknapp/2019/07/20/apollo-11-facts-figures-business/?sh
=7848d8263377

64. Sputnik 8K71PS. (n.d.). Astronautix. Retrieved September 11, 2022, from
http://www.astronautix.com/s/sputnik8k71ps.html

65. Zak, A. (2011, May 20). Phobos-grunt spacecraft design. Russian Space Web. Retrieved
September 11, 2022, from
http://www.russianspaceweb.com/phobos_grunt_design.html#:~:text=A%20total%20of%
20five%20billion,test%20facilities%20at%20NPO%20Lavochkin.

66. Challenger cost: $3.2 billion. (1986, March 11). Los Angeles Times. Retrieved
September 11, 2022, from
https://www.latimes.com/archives/la-xpm-1986-03-11-mn-3099-story.html

67. What is the rough breakdown of rocket costs? (1963, November 1). Space Exploration
Stack Exchange. Retrieved September 24, 2022, from
https://space.stackexchange.com/questions/17777/what-is-the-rough-breakdown-of-rocke
t-costs

68. Smith, R. (2020, September 12). 5 things to know about spacex's Falcon 9 Rocket. The
Motley Fool. Retrieved September 24, 2022, from
https://www.fool.com/investing/2020/09/12/5-things-to-know-about-spacexs-falcon-9-roc
ket/

69. Chow, D. (n.d.). To cheaply go: How falling launch costs fueled a thriving economy in
orbit. NBCNews.com. Retrieved September 24, 2022, from
https://www.nbcnews.com/science/space/space-launch-costs-growing-business-industry-r
cna23488

70. Tangermann, V. (2022, June 8). Something very bad might be about to go down at NASA.
Futurism. Retrieved September 25, 2022, from
https://futurism.com/nasa-inspector-general-report-looming

71. Challenger disaster. (n.d.). Encyclopædia Britannica. Retrieved September 11, 2022,
from https://www.britannica.com/event/Challenger-disaster

72. Mars, K. (2018, March 27). 5 hazards of human spaceflight. NASA. Retrieved September
11, 2022, from https://www.nasa.gov/hrp/5-hazards-of-human-spaceflight

73. Wall, M. (2016, July 2). Juno probe will run hellish radiation gauntlet at Jupiter Monday.
Space.com. Retrieved September 24, 2022, from
https://www.space.com/33331-juno-probe-jupiter-radiation-environment.html

26

https://reason.com/2012/01/26/how-much-is-an-astronauts-life-worth/
https://spacenews.com/cost-growth-prompts-changes-to-europa-clipper-instruments/#:~:text=Jan%20Chodas%2C%20project%20manager%20for,or%20about%20%2470%20million%20each
https://spacenews.com/cost-growth-prompts-changes-to-europa-clipper-instruments/#:~:text=Jan%20Chodas%2C%20project%20manager%20for,or%20about%20%2470%20million%20each
https://spacenews.com/cost-growth-prompts-changes-to-europa-clipper-instruments/#:~:text=Jan%20Chodas%2C%20project%20manager%20for,or%20about%20%2470%20million%20each
https://www.forbes.com/sites/alexknapp/2019/07/20/apollo-11-facts-figures-business/?sh=7848d8263377
https://www.forbes.com/sites/alexknapp/2019/07/20/apollo-11-facts-figures-business/?sh=7848d8263377
http://www.astronautix.com/s/sputnik8k71ps.html
http://www.russianspaceweb.com/phobos_grunt_design.html#:~:text=A%20total%20of%20five%20billion,test%20facilities%20at%20NPO%20Lavochkin
http://www.russianspaceweb.com/phobos_grunt_design.html#:~:text=A%20total%20of%20five%20billion,test%20facilities%20at%20NPO%20Lavochkin
https://www.latimes.com/archives/la-xpm-1986-03-11-mn-3099-story.html
https://space.stackexchange.com/questions/17777/what-is-the-rough-breakdown-of-rocket-costs
https://space.stackexchange.com/questions/17777/what-is-the-rough-breakdown-of-rocket-costs
https://www.fool.com/investing/2020/09/12/5-things-to-know-about-spacexs-falcon-9-rocket/
https://www.fool.com/investing/2020/09/12/5-things-to-know-about-spacexs-falcon-9-rocket/
https://www.nbcnews.com/science/space/space-launch-costs-growing-business-industry-rcna23488
https://www.nbcnews.com/science/space/space-launch-costs-growing-business-industry-rcna23488
https://futurism.com/nasa-inspector-general-report-looming
https://www.britannica.com/event/Challenger-disaster
https://www.nasa.gov/hrp/5-hazards-of-human-spaceflight
https://www.space.com/33331-juno-probe-jupiter-radiation-environment.html

